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Executive Summary 

This project combines four inter-related studies from the Accords Agreement that address the 

following current and future objectives: 

 

Objective 1) discover and evaluate SNP markers in salmon and steelhead and other 

anadromous fishes.  In the fifth year of this project, SNP discovery and evaluation goals were 

achieved with a total of three projects that included one project each on Chinook salmon, 

steelhead, and Coho salmon that identified SNP markers using restriction-site associated DNA 

sequencing (RAD-seq) technology.  In addition, we have improved upon the technology for 

interrogating large sets of SNP loci through the development of GT-seq (genotyping-in-

thousands by sequencing) method.  The increased efficiency has reduced costs per multi-locus 

genotype.  We now have developed marker panels of 192 SNPs, 293 SNPs, 258 SNPs, 93 SNPs, 

and 314 SNPs in the GT-seq format for steelhead, Chinook salmon, Coho salmon, Sockeye 

salmon, and Pacific lamprey, respectively.  Using steelhead, we demonstrated how GT-seq can 

allow rapid genotyping of larger numbers of SNPs at far lower cost than the TaqMan chemistry 

used previously.  These larger numbers of SNPs (~290) increase power for parentage analysis 

and we demonstrate single parent assignments in Chinook salmon have improved confidence 

compared to the smaller set of ~90 SNPs that we have relied on for broad scale applications of 

PBT. 

Objective 2) expand and create genetic baselines for multiple species including Chinook 

salmon (Oncorhynchus tshawytscha), steelhead (O. mykiss), Sockeye salmon and kokanee 

(O. nerka), and Coho salmon (O. kisutch). There are three GSI baselines that utilize relatively 

small numbers of SNP loci (<200) and are representative of salmonid populations from the entire 

Columbia River Basin including Chinook salmon, steelhead, and O. nerka.  This report includes 

a description of minor changes (i.e., addition of 5 collections) to the O. nerka GSI baseline that 

utilizes 96 SNP markers.  We also describe two RAD-seq projects that are underway and will 

provide high density geographic coverage of Chinook salmon (N=26) and steelhead (N=51, Fig. 

1) populations in the Columbia River Basin.  SNPs identified through these latter efforts will be 

useful in characterizing genetic diversity of hatchery and wild Chinook salmon and steelhead 

stocks.  
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Figure 1. Map displaying sampled steelhead (O. mykiss) populations. Each numbered 

population represents a genotyped RAD library identified by number in Section 2, Table 1. 
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Objective 3) implement GSI programs for mainstem Chinook salmon, Sockeye salmon, and 

steelhead fisheries (Fig. 2). Chinook salmon and steelhead fishery applications of GSI are combined 

with the Parentage Based Tagging (PBT). Long histories of exogenous stock transfers from specific 

hatchery programs along with closely related natural stocks often prevents effective application of GSI in 

assigning origins of hatchery fish. This limitation can be overcome by the use of PBT.  Currently PBT 

allows monitoring of all Snake River hatchery Chinook salmon and steelhead stocks, and does not require 

adipose fin clipping.  The role of PBT continues to expand and beginning with spawn year 2013, most 

Chinook salmon and steelhead broodstock from hatcheries above Bonneville Dam have been sampled and 

will begin to be genotyped starting in 2015.  GSI will continue to be utilized for determining the stock 

identity of wild fish and non-tagged hatchery-origin fish. 

Figure 2. Sources of fishery mixtures in the lower Columbia River mainstem. 

 

Using a combination of PBT and GSI approaches we estimated stock composition of several 

Chinook salmon fisheries and Bonneville Dam sampled during the spring management period 

(January 1 – June 15). This included: 1) sport, commercial, and tribal bank fisheries below 

Bonneville Dam, 2) non-lethal interrogation of fish at Bonneville Dam, and 3) a tribal 

commercial fishery in Zone 6 above Bonneville Dam.  Further, we characterized the stock 

composition of a mark-selective sport fishery from the mouth of the Wind River (above 

Bonneville Dam) which has recently expanded its fishing boundary into the Columbia River 

mainstem.  These comparisons among fisheries showed that a distinctive characteristic of the 

Wind River sport fishery is its large proportion of Carson Hatchery/Upper Columbia River 

hatchery stock (“10_UPCOLSP”, Fig. 3).  This genetic stock includes Carson Hatchery fish, 

which is the intended target of this fishery; however, genetic similarity between Carson Hatchery 

and Upper Columbia River hatcheries and others in the middle Columbia River created 
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uncertainty regarding the specific stock composition results.  An additional distinction of the 

Wind River harvest was its relatively low proportion of Snake River hatchery fish that were 

assigned using PBT (Fig. 3).  

Wind River Sport

01_YOUNGS

02_WCASSP

03_WCASFA

04_WILLAM

05_SPCRTU

07_DESCSP

08_JOHNDR

09_YAKIMA

10_UCOLSP

12_HELLSC

13_SFSALM

14_CHMBLN

15_MFSALM

16_UPSALM

17_DESCFA

18_UCOLSF

19_SRFALL

PBTsnake

Klicksp(PBT/GSI)

 
Figure 3. Genetic stock 

composition of the Wind River 

sport harvest in 2014. 

 

 

 

 

 

 

Figure 4. Stock composition of 

Chinook salmon harvest 

mixtures and Bonneville Dam 

during the spring management 

period.  Note: “ST” includes 

upriver spring run and Snake River 

spring/summer run Chinook 

salmon stocks, “LC” includes all 

lower river stocks (e.g. Willamette, 

Cowlitz, Lewis, and Sandy stocks), 

“OT” includes upper Columbia 

summer and upriver fall Chinook 

salmon stocks, and “CR” denotes 

Columbia River Rogue stock reared 

in Youngs Bay net pens.  PBT was 

used to assign Klickitat and Snake River hatchery spring-run Chinook salmon. 
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Analysis of adipose-clipped Chinook salmon from multiple fishery mixtures in the spring 

management period identified relatively larger proportions of lower Columbia River stocks (LC, 

likely dominated by the Willamette River stock) near the mouth of the Columbia River, such that 

region B was comprised of a range of 22 – 39% and region A had a range of 3 – 16% of the LC 

stock in commercial, test, and sport fisheries (Fig. 2, 4). PBT-assignments made it possible to 

further discriminate fish by their hatchery-of-origin (15 total hatcheries represented), which is a 

finer scale compared to the larger stock units that are resolved with GSI.  Stream-type stocks 

(ST, i.e. upriver spring-run and Snake River spring/summer-run Chinook salmon) were in 

highest proportions upstream of region B.  Analysis of adipose-intact fishery mixtures showed 

similar patterns (Fig. 4), however the Snake River PBT-assigned stock (hatchery-origin) was 

estimated in smaller proportions than in adipose-clipped samples as would be expected since 

PBT identifies hatchery origin fish. 

 

Analysis of Chinook salmon fisheries in the summer management period (June 16 – August 1) 

addressed the following objectives: 1) estimate stock composition for the mark selective sport 

fishery and commercial fishery below Bonneville Dam, 2) compare stock composition of 

adipose-clipped versus adipose-intact fish from the commercial harvest below Bonneville Dam, 

3) characterize temporal changes in stock composition across the season.  The percentage of 

upriver adult and jack spring-run stocks (ST) declined in both harvest and Bonneville Dam 

mixtures over time, but the commercial harvest may have generally included a lower proportion 

of this group compared with what actually passes the dam in any given week (Fig. 5). 
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Figure 5. Temporal patterns of the percent of upriver spring-run stocks (ST) by-catch in 

adipose-clipped and adipose-intact mixtures of adult and jack Chinook salmon sampled in 

the lower river commercial fishery and Bonneville Dam during the summer management 

period in 2014.  Statistical week 25 begins on June 16 and week 31 includes August 1.  The 

commercial fishery did not occur during weeks 26 and 27.  Sampling at Bonneville Dam was 

suspended during weeks 29–32 due to high temperatures. 
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Chinook salmon fall-run sport 2014

01_YOUNGS

02_WCASSP

03_WCASFA

05_SPCRTU

18_UCOLSF

19_SRFALL

For fall-run Chinook 

salmon fisheries, we 

estimated stock 

composition of the mark 

selective sport fishery in 

the lower Columbia 

River in 2014.  A single 

PBT assignment was 

observed for a fall 

Chinook from the 

Klickitat. Major GSI 

stocks from greatest to 

least were: Upper 

Columbia River su/fa 

(70%), West Cascade fa 

(13%), Spring Creek 

Tule (8%), and Snake 

River fa (7%, Fig. 6). 

 

Figure 6. Genetic stock composition of the lower Columbia River fall-run Chinook salmon 

sport harvest in 2014. 
 

 

 

 

Analysis of stock composition of sockeye salmon fisheries included those from the lower 

Columbia River below Bonneville Dam in sport and commercial fisheries and the Zone 6 tribal 

fishery.  The overall composition of the three stocks of sockeye salmon in the commercial 

fishery were Okanagan at 75%, Wenatchee at 25%, and Snake = 0%.  The overall composition of 

the three stocks of sockeye salmon in the sport fishery were Okanagan 80%, Wenatchee at 18%, 

and Snake at 2%.  The Zone 6 fishery proportions were Okanogan = 69%, Wenatchee at 29%, 

and Snake = 2%.  For context, the composition of these stocks at Bonneville for the same time 

period (weeks 24-31) was Okanagan 80%, Wenatchee 20%, and Snake 1%.  The proportion of 

each stock of sockeye salmon varied over time, most notably for the Wenatchee stock (Fig. 7). 
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 Figure 7.  Stock composition at Bonneville Dam and the Zone 6 sockeye harvest on a 

weekly basis.  Statistical week 23 begins on June 2 and week 32 ends on August 10. 
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Finally, objective 3 concluded with a stock composition analysis of unclipped steelhead 

harvested in the summer and fall tribal fishery in Zone 6.  Despite, the absence of an adipose 

mark, PBT assignments were used to identify 19% and 11% of the sampled harvest in Drano 

Lake and Zone 6, respectively, as unclipped Snake River hatchery-origin (Fig. 8).  These fish are 

likely to be primarily from supplementation releases that were not adipose-clipped and mis-

clipped fish from other hatchery programs. 

Steelhead Drano Harvest 2014 
(unclipped)

02_LOWCOL

03_SKAMAN

05_BWSALM

06_KLICKR

07_MGILCS

08_YAKIMA

09_UPPCOL

10_SFCLWR

11_UPCLWR

12_SFSALM

13_MFSALM

14_UPSALM

Steelhead Zone 6 Harvest 2014 
(unclipped)

02_LOWCOL

03_SKAMAN

05_BWSALM

06_KLICKR

07_MGILCS

08_YAKIMA

09_UPPCOL

10_SFCLWR

11_UPCLWR

12_SFSALM

13_MFSALM

14_UPSALM

 
Figure 8. Stock composition of adipose-intact steelhead harvested in 2014 from summer 

and fall fisheries in Zone 6.  Twelve Columbia River Basin stocks were represented: Lower 

Columbia “LOWCOL”, Skamania “SKAMAN”, Big White Salmon “BWSALM”, Klickitat 

“KLICKR”, MGILCS, Yakima “YAKIMA”, upper Columbia “UPPCOL”, S.F. Clearwater 

“SFCLWR”, upper Clearwater “UPCLWR”, S.F. Salmon “SFSALM”, M.F. Salmon 

“MFSALM”, and upper Salmon “UPSALM”.  The MGILCS is a large group of closely related 

stocks that includes the following Snake River stocks: George Cr, Asotin Cr, Alpowa Cr, and 

Tucannon R as well as the stocks from the Grande Ronde, Imnaha, Lower Clearwater and Lower 

Salmon R.; and all other middle Columbia River stocks that were not listed above. 

 

Objective 4) use GSI to estimate stock composition of fish passage at Bonneville Dam 

(steelhead, Sockeye salmon, and Chinook salmon) and juvenile Pacific lamprey passage at 

Lower Granite Dam.  Fish were sampled as they migrated past Bonneville Dam. We sampled 

adult and jack Chinook and adult steelhead during the spring, summer, and fall management 

periods.  We used a combination of GSI and PBT to estimate run-timing distributions and 

relative abundance of hatchery and wild Chinook salmon and steelhead stocks in 2014. We 

observed more than 13,000 natural-origin and 10,000 hatchery-origin fish assigned to spring-run 

Chinook salmon reporting groups (mostly Snake River origin) that return during the summer 

management period (June 16 – July 31) based on our estimates.  Some jack aged spring and 

Snake River spring/summer Chinook salmon stocks are known from PIT tag data to have a very 

late run timing and in fact approximately 75% of the 8,900 Snake River hatchery spring/summer 

stocks that arrived in the summer management period were jacks. Some run-timing results were 

consistent with those from previous analyses, e.g. Salmon River spring-run Chinook salmon 

have relatively late runs compared to other spring stocks.  

 

There were eleven wild and five hatchery steelhead stocks with an estimated relative abundance 

greater than 1000 fish passing Bonneville Dam in 2014.  Managers have historically grouped 
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steelhead stocks into management periods and we observed that the run-timing of genetic stocks 

appears to correspond relatively well.  Historically, managers have defined an early Skamania 

summer-run, an intermediate run-timing category that contains most wild and hatchery steelhead 

stocks, and a late run-timing category that arrived after August 25th.  While managers do not 

utilize the August 25 date break anymore, the overall trends of stocks tend to segregate into this 

historic pattern.  The latter timed group includes South Fork Clearwater R., upper Clearwater R., 

and South Fork and Middle Fork Salmon R. stocks.  However, this pattern was not exclusive as 

these three stocks also had some earlier returning fish, and late returning fish were also 

comprised of other stocks.  

 

We combined PIT-tag (adults tagged at Bonneville Dam) and genetic analyses to estimate 

relative abundances and median run-timing dates of the following three extant anadromous 

sockeye salmon stocks: Okanagan (488,813; Jun. 30th), Wenatchee (119,971; Jun. 29th), and 

Snake River (5,136; Jul 5th).  The estimated median date for Snake River sockeye calculated by 

this method differs slightly from estimates based on PIT tagged juveniles which were 50% 

complete at Bonneville by July 7 and were 75% complete by July 11. However, the sample size 

for fish assigned to Snake River with PIT-tag data and GSI was very small as only 17 fish were 

identified from Bonneville Dam and thus limits precise estimates of run-timing.  A comparison 

of dam counts in the Snake River compared to dam counts at Priest Rapids would suggest about 

1 in 255 sockeye salmon in the basin were Snake River stock (approximately 0.4% of the total 

run).  The low abundance of this stock makes it challenging to estimate with the methods in this 

study given current restrictions on numbers of fish that can be sampled at Bonneville Dam at the 

Adult Fish Facility (AFF) trap.  Further, low sample numbers of the Snake River stock in the 

harvest make it difficult to estimate stock proportions with narrow confidence intervals and 

preclude determination of whether harvest proportions were significantly higher than the 

estimate for this stock at Bonneville, which was 0.8% (95% C.I. 0.4% – 1.4%) of the sockeye 

run during this fishing period.  Possible explanations for differences among the estimates of this 

stock could owe to the sampling protocols at Bonneville Dam (Fig. 7), which may have higher 

representation of young fish as compared to harvest mixtures. 

 

This study also utilized a genetic baseline of adult lamprey that were translocated throughout the 

Snake River basin in the year 2007 and examined whether they could be assigned as parents to 

any Pacific lamprey juveniles collected as mortalities on the screens of turbine units at Lower 

Granite Dam (LGR) in 2014.  A previous parentage analysis identified a cohort of translocation-

offspring (broodyear 2007) as 5-, 6-, and 7-year-olds that were exiting their home-tributary 

(Newsome Creek) during 2012 – 2014.  Of the 377 lamprey in the sample, there was a single 

LGR juvenile that assigned to the translocated adults, representing the very first detection of a 7-

year-old Pacific lamprey macropthalmia (juvenile ocean migrant life stage) derived from the 

Newsome Creek 2007 translocation event.  All prior testing of earlier samples from 2011-2013 

had failed to identify even a single assignment to translocated adults.  Estimation of the effective 

number of spawners represented by the 2014 collection of LGR juveniles yielded 508 (95%CI 

441–595).  This number is extremely low given that it represents the effective spawner 

abundance of nearly the entire Snake River Basin. 
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Introduction 

 

This project combines four inter-related studies from the Fish & Wildlife Program Accords that 

address the following current and future objectives: 1) discover and evaluate SNP markers in 

salmon, steelhead, and lamprey; 2) expand and create genetic baselines for multiple species 

(Chinook, steelhead, sockeye, and coho); 3) implement Genetic Stock Identification (GSI) 

sampling programs for mainstem Chinook salmon, sockeye salmon, and steelhead fisheries and 

4) GSI of fish passing Bonneville Dam (salmon and steelhead).  These four projects are highly 

related since SNP markers are needed to complete species-specific baselines, and these baselines 

are requisite to complete GSI.  The results of these four objectives address needs for 

distinguishing specific stocks, determining genetic diversity, stock specific run timing, and 

estimating stock composition which can provide information for fisheries management. 

 

Objective 1) SNP Discovery 

One of the highest priorities in the full-scale implementation of SNPs for salmon genetics is the 

discovery and development of a sufficient number of markers to characterize population 

variability.  These DNA sequence polymorphisms represent the most abundant variation in the 

genome of most organisms, and are spread throughout the entire genome at high density (Morin 

et al. 2004).  Thus SNPs can be discovered through sequencing known regions of DNA and 

converted to high throughput assays (e.g., Campbell and Narum 2008a), and more recently SNP 

discovery has become even more efficient for rapid identification of thousands of SNPs using 

genotyping-by-sequencing technology (e.g., Hess et al. 2013).  Mutation rates, mutation models 

and error rates for SNPs are generally well understood, providing a foundation for estimating 

genetic divergence between populations.  SNP markers offer a more cost-effective and less error-

prone alternative to previous genetic marker technology such as microsatellite markers.  Over the 

past few years, our lab has contributed to the increasing numbers of SNP markers that are 

available for salmonids and lampreys, and we have reached a point where rigorous stock 

composition and assessment goals for timely management of fisheries and highly accurate, 

precise stock assignments can be achieved using one or two panels of 96 SNP markers 

independently of any other marker-type. 

 

Objective 2) Baseline Expansion 

Currently, genetic baselines of microsatellite markers are in place for Chinook salmon across the 

coastwide range (Seeb et al. 2007), steelhead (Blankenship et al. 2011), and O. nerka (including 

kokanee) in the interior Columbia River Basin.  Despite large, representative sample sizes from 

many populations and high microsatellite allelic diversity, the resolution of specific stocks and 

populations in these baselines is limited in some cases.  For example, Upper Columbia summer and 

upriver fall Chinook salmon in the Columbia River are closely related and remain impossible to 

distinguish even with a powerful set of 13 microsatellite markers.  Several other closely related 

populations in the Chinook salmon baseline are similarly difficult to distinguish and thus have been 

pooled into a single reporting unit for GSI applications.  In some cases (e.g., mainstem Columbia 

River Chinook fisheries) a finer level of stock discrimination is necessary to match data utilized by 

managers such as information provided by CWTs.  Additional SNP loci will increase stock 

assignment reliability where greater resolution is desired.  Given the difficulty and expense of inter-

laboratory standardization, additional microsatellite markers are not the most efficient choice.  In 
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this regard, SNP markers are the preferred option for additional loci since they offer many beneficial 

characteristics that make them amenable to adding loci to existing baselines. 

 

Objectives 3 & 4) Genetic Stock Identification 

Genetic Stock Identification (GSI) methods have proven to be effective in determining the 

proportion of stock origin in several mixed stock applications (Narum et al. 2008b, Hess et al. 

2011, Hess and Narum 2011).  This study includes two GSI projects that will utilize genetic 

baselines: 1) GSI to provide information about harvest; and 2) GSI of fish passing Bonneville 

Dam.   

 

This study includes GSI analysis of Chinook salmon and Sockeye salmon collected from 

commercial, recreational, and tribal fisheries in the Columbia River and GSI analysis of 

steelhead collected from the tribal fishery above Bonneville Dam.  Subsequent years of the study 

may include other species such as coho salmon.  Implementation of GSI technology could make 

monitoring individual production units in mixed stock areas possible.  Tissues will be sampled 

annually from fisheries with existing programs in place with Washington Department of Fish and 

Wildlife (WDFW), Oregon Department of Fish and Wildlife (ODFW), Yakama Nation Fisheries 

Program (YNFP) and Confederated Tribes of the Warm Springs of Oregon (CTWSRO).  We 

plan to genotype representative samples from fisheries of primary interest.  The GSI estimates 

may help fill information gaps on wild fish with a different resolution than can be estimated 

using methods such as CWTs. 

 

The second application of GSI analysis in this study includes sampling unknown origin salmon 

and steelhead at Bonneville Dam for genetic analysis.  Samples will be collected over the entire 

length of the run on a weekly basis, and genetic baselines will be utilized to determine the stock 

composition of these runs.  Few studies have been able to determine the extent of overlap among 

life history types of salmon and steelhead, but GSI of each life history type will allow us to 

determine the stock composition of the different runs through Bonneville Dam which can be 

compared to other methods such as using fish PIT tagged as juveniles.  Population genetic 

methods and statistical assignment models have advanced dramatically in recent years, and 

estimating stock composition is now possible using either Bayesian or Maximum Likelihood 

methods (Anderson et al. 2008).  Therefore, we plan to estimate stock composition of multiple 

species passing Bonneville Dam and provide this information on a timely basis to fisheries 

managers in the form of an annual report. 

 

Finally, we continue to utilize a new genetic technology, parentage based tagging (PBT), in 

combination with GSI to help augment and refine our stock identification results.  PBT is an 

efficient approach for mass-tagging of fish.  The method is carried out by first genotyping a set 

of potential parents which then provides the opportunity to assign a set of genotyped offspring to 

their true parent pair.  PBT is currently being utilized on a broad scale in the Columbia River 

Basin to tag all Snake River Chinook salmon and steelhead hatchery broodstocks (Steele et al. 

2011) and we will soon have a baseline that includes most Chinook salmon and steelhead 

hatcheries located above Bonneville Dam.  This application has effectively tagged all Snake 

River hatchery Chinook salmon and steelhead starting with the 2008 brood years.  When parent 

pairs of a Snake River hatchery fish are identified with PBT, we can provide accurate 

information including age of the fish and the source hatchery in which its parents were spawned.  



 19 

We can now use PBT in both Chinook salmon and steelhead GSI applications to identify all 

Snake River hatchery-origin fish, and then we estimate stock-of-origin of all other hatchery fish 

that were not assigned with PBT (i.e. non-Snake River hatchery-origin) and all wild fish using 

GSI.  In this way PBT and GSI are complimentary, and using them in combination takes full 

advantage of the strengths of each method, while resolving or minimizing limitations.  

Exogenous stock transfers by hatcheries have made hatchery-origin fish challenging to assign 

with GSI and represents a main limitation that is addressed with PBT.  Applications of PBT have 

been initiated in other species such as Pacific lamprey, and are being used to monitor 

translocations of lamprey throughout the interior of the Columbia River. 

 

Report Structure 

This report is divided into four sections, one for each of the objectives of the study.  The first 

section reports on SNP discovery efforts and the second section on genotyping SNP markers in 

Chinook salmon, steelhead, and O. nerka to create genetic baselines.  The third section contains 

stock composition estimates of Chinook salmon, Sockeye salmon and steelhead sampled in 

mainstem fisheries in 2014.  The fourth section includes analysis of run-timing distributions and 

estimated abundance of adult Chinook salmon, Sockeye salmon, and steelhead stocks migrating 

over Bonneville Dam in 2014. 
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Section 1: SNP Discovery 

Introduction 

Through the analysis of genetic variation among individuals of a species, biological insights into 

the population dynamics of that species can be gained.  Metrics such as reproductive success 

rate, effective number of breeders, population size, relative stock abundance, and exploitation 

rates for specific stocks can all be gathered using well established methods of genetic analysis.  

However, in order for these methods to be accurately utilized, genotype data from a sufficiently 

informative panel of genetic markers must first be collected from a suitably large collection of 

individual samples.  The identification of a sufficient number of informative genetic variations 

had previously been a barrier to the study of some species by population genetics.  Advances in 

sequencing technologies have now made the identification of genetic variants much easier and 

more cost effective.  Techniques such as RAD-seq (Restriction Site Associated DNA 

sequencing: https://www.monitoringmethods.org/Method/Details/4144) allow for the de-novo 

identification and genotyping of thousands of SNP variants (Single Nucleotide Polymorphisms) 

among a set of samples.   

With identified SNP variants now abundant for most species of interest (Hess et al. 2015), we 

turned our attention to adapting the power of Next Generation Sequencing (NGS) for high 

throughput genotyping of selected panels of SNP loci.  Through a series of experiments a SNP 

genotyping method based on multiplex amplicon sequencing (GT-seq: Genotyping in Thousands 

by Sequencing) was developed which allowed for the collection of targeted SNP genotypes at 

less than ¼ the cost of the previously used method (TaqMan™ 5’ exonuclease assays).  The GT-

seq method was refined further and a paper describing the technique was published (Campbell et 

al. 2015: https://www.monitoringresources.org/Document/Method/Details/5446).  This 

technique produces high quality SNP genotypes (100 to 1,000 SNP loci) for 1,000 to 4,000 

individual samples per Illumina HiSeq lane.  Implementation of GT-seq for high throughput 

genotyping for most all of our study species has been ongoing and is delivering faster, more 

powerful, and more cost-effective data sets for population genetic analyses.  To date, GT-seq 

primer pools have been developed in our laboratory for 5 of our study species (Steelhead [O. 

mykiss], Chinook [O. tshawytscha], Coho [O. kisutch], Sockeye [O, nerka], and Pacific Lamprey 

[E. tridentata]).   

 

Methods 

For each species, all current SNP loci used for genotyping, as well as some additional SNP loci, 

were targeted for inclusion in PCR primer pools for GT-seq.  For SNP loci which were already 

being genotyped using TaqMan™ assays, the existing flanking primers were simply modified to 

include the Illumina sequencing primer sites.  For novel SNP loci, the program Primer3 (Rozen 

and Skaletsky 2000) was used to design flanking primers (product size range: 60-120 bases, 

https://www.monitoringmethods.org/Method/Details/4144
https://www.monitoringresources.org/Document/Method/Details/5446
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optimal annealing temperature: 60°C, primer size range: 18-24 bases, optimal GC content: 50%) 

which were tagged with Illumina sequencing primers as per Campbell et al. 2015).  Ninety-six 

well plates of primers were ordered from Integrated DNA Technologies (IDT) at a 25 nmole 

synthesis scale resuspended at 200µM concentration.  Test primer pools were created by 

combining equal volumes of each primer such that the concentration of each primer was 

0.25µM.  The primer mixture was used to prepare small test libraries containing 96 samples each 

using the GT-seq protocol (Campbell et al. 2015).  The test libraries were “spiked” into the same 

Illumina HiSeq flowcell lane as other sequencing libraries such that each test library produced 5-

10 million reads.  Sequencing reads from each of the test libraries were analyzed for primer 

hetero-dimers using perl scripts supplied on GitHub (https://github.com/GTseq/GTseq-Pipeline/) 

and primers contributing to large numbers of sequence artifacts were identified and eliminated 

from the primer pools.  In some cases primers were modified in order to avoid primer 

heterodimers rather than dropped from the panel.   Following this step, another test library was 

created and evaluated for each new modified primer pool.  At this point the primer pools each 

performed well enough to produce genotypes at most loci and only minor modifications to the 

primer mix and input files were necessary.   

 

Results 

GT-seq primer pools for high throughput SNP genotyping have been developed for 5 target 

species (Steelhead [O. mykiss]-261 SNP loci plus sex determination marker, Chinook [O. 

tshawytscha]-298 SNP loci plus sex determination marker, Coho [O. kisutch]-257 SNP loci, 

Sockeye [O. nerka]-93 SNP loci, and Pacific Lamprey [E. tridentata]-308 SNP loci) after 

filtering for primers producing large numbers of artifact sequences and loci which genotype 

poorly using the method (Table 1).  Each of these primer sets have been tested for their ability to 

produce high quality SNP genotypes using the GT-seq method with between 1,000 and 2,000 

samples per Illumina HiSeq lane.  These resources have now been used to genotype over 

100,000 individual samples (Figure 1) at a far lower cost than the previously used method 

(TaqMan genotyping assays). 

https://github.com/GTseq/GTseq-Pipeline/
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Figure 1: Summary of Columbia River fish samples genotyped using GT-seq. 

 

Discussion 

The GT-seq SNP genotyping method has many advantages over the previously used TaqMan™ 

genotyping method.  For instance, all loci are amplified simultaneously within the same PCR 

reaction for each sample rather than each locus in a separate reaction as is necessary with all 

types of 5’ exonuclease assay.  A second PCR step then adds a unique combination of 6 base 

barcode sequences to each amplified fragment to allow PCR products to be assigned to a specific 

sample after sequencing.  This allows the amplified target loci from all samples to be combined 

in a single sequencing run and makes it unnecessary to use microfluidic chips, which constituted 

a substantial portion of the genotyping costs using TaqMan™ assays.  Library preparation 

requires only common laboratory equipment (multi-channel pipettes, a plate centrifuge, and 96-

well thermal cyclers) and, once DNA has been extracted, sequencing libraries can be prepared 

very quickly.   Once the libraries have been sequenced, genotypes are generated much more 

efficiently than was previously possible since many more samples are genotyped simultaneously 

and allele ratios generated from sequencing data are much more predictable than those generated 

using fluorescent probes (Campbell et al. 2015).  Overall, GT-seq has become a cost effective, 

flexible, efficient, and powerful tool for genetic monitoring of Columbia River fishes.   
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Table 1: Primer sequences, in-silico probe sequences for each allele, and correction values for 

each allele for each SNP locus included in each GT-seq primer pool.  Each forward primer is 

modified with a 5 prime “small RNA” sequencing primer site 

(CGACAGGTTCAGAGTTCTACAGTCCGACGATC) and each reverse primer is modified with a 

5 prime standard paired-end sequencing primer site 

(GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT). 

  
O. mykiss GT-seq panel (261 loci plus sex determination marker) 

Assay: A1: A2: FWD: REV: A1-Probe: A2-Probe: 

Allele 

Corrections: 

Ocl_gshpx-357 T G 

GAGATCCTGAGGTCCCTGAAG

TAT 

AAGTGGAAATTTGGGCTCAAA

GC ATCCGTCCAGGAAATG TCCGTCCCGGAAATG 0,0 

Omy_myclarp404-

111 T G GCTGTGGTGCTCATGGGTAAA CCAGGGCAGGGTTGTTCTC 

CAAAGCCATACGTGGC

C AAGCCATCCGTGGCC 0,0 

Omy_Omyclmk438-

96 A C 

CCCGACTCTACTTCACTACTT

TCCT 

GGCCTAGGACAATAGGACTGA

AC 

TACGCAAATTAGGTTT

AAA 

CGCAAATTAGGGTTAA

A 0,0 

M09AAC.055 C T GTCTCCGACGTGTGGCT 

TGGAACGAACCTGAGAACATA

AGG ACCTCCACGCTGTCC ACCTCCACACTGTCC 0,0 

OMGH1PROM1-SNP1 A T 

TCAAACTGCATTTGATGGAAA

CAAACAT 

AGGACAATTCTAAGTGACCTC

AAACTG 

TAGTGTTCACTGACTT

CA 

TAGTGTACACTGACTT

CA 0,0 

OMS00003 T G 

GTGCCACTGATGAGGATGAGA

TC 

GTAATAAAGCCCTTTTGTGAG

GAAAAACTAAT 

CTTTACTGTCGACATT

TTA TACTGTCGCCATTTTA 0,0 

OMS00008 A T 

CCCTTTAAGGAGGATTTTAAA

TATGTGAGATAGAA 

GGATACAGCGTTTTGGAATGA

AACT 

CTTCAAATATCCATAA

TTATATC 

TCAAATATCCATAATA

ATATC 0,0 

OMS00013 A G 

GCCTTTGTTCTCCTTGGTGGT

TA 

AGAAAAGTGTGGACTGAGGTT

GAG 

CTTCTTTTCCCTTGCT

ACTC 

CTTTTCCCTCGCTACT

C 0,0 

OMS00014 T C 

CTTACACACAAGGGCTTCATT

CTG GATGTCTCTGGGTGGTTGTCA 

TGATTTGATGAATTAA

ACTTC 

TTGATGAATTGAACTT

C 0,0 

OMS00015 A T 

TCAGACCCTATTTTTGGCACA

AGT 

GTCTAACTGATCCCACTTCTG

CAT 

CAAGTCACACTTTTAA

TGAA 

CAAGTCACACTTATAA

TGAA 0,0 

OMS00017 A G 

ATTAAGTTCATACAAAAGTTC

ATCATAAATATTTTCCTTT 

GGAGAACAAAGGGAAAGAGAA

GACA 

TAGACCTCGGTGCTGT

AG CCTCGGCGCTGTAG 0,0 

OMS00018 T G AGAGTACATGTGTGGCTGCAA 

GTCATAAATCAACACAATTAT

CTTCTTCACAGAA 

AACCACATAATTAATA

ATTC 

CCACATAATTCATAAT

TC 0,0 

Omy_cd28-130 T C 

CACAACTCCACAGAGACAGTG

A 

GAGGACAAAACTGACCGTATG

GT CCTGTTCATTCACCC CTGTTCGTTCACCC 0,2.7 

OMS00030 T G 

CCTCGTGACTACAGAGCTATA

CAAC GATCTGATCGGTCGGGAGAGA 

ATGAGGGTCCCTATAC

AGG 

ATGAGGGTCCCTCTAC

AGG 0,0 

OMS00048 T C GGAAGAGCTGGAGAACAACGT 

TGCAGTTGACAGAGGCTTTCT

TT 

CAGCTAAACTCAGCAA

AA 

AGCTAAACTCGGCAAA

A 0,0 

OMS00052 T G 

TGCGTTTTTCATCCCAATCAT

TCAC GGCATCAGGCTCTTCTTCCT 

CTTCCTTTTGAGAATA

AT CCTTTTGCGAATAAT 0,0 

OMS00056 T C 

TCAGGAAGTAAACTGAAAATT

CCAATGTATGA 

CCCCAACCATGCTTGTTATTG

AAC 

TAGCTTGACCAAATAG

CA CTTGACCGAATAGCA 0,0 

OMS00061 T C AAGTGGAGGCTGACCTGTTG 

GCTGATGGCACCTGACAGTTA

ATT 

CATTGCCATTTACAGA

CTT TGCCATTTGCAGACTT 0,0 

OMS00092 A C 

TCTCCAGGTGTATCTTGAGAA

GGT 

AGGGTTCACACAGGGAAGATA

TCAT 

CAGCTGAGAATAGGTT

C AGCTGAGAAGAGGTTC 0,0 

OMS00096 T G 

CATGAGAATGGATCAGTCTCC

ACAA 

GATGAAATCTGAATGTGTTGA

CACTACAG 

AAAGAGGAAGAGTCTC

G 

AAAGAGGAAGCGTCTC

G 0,0 

OMS00087 A G 

GCAAATTTCACCCTTAACGTG

GTTT 

GATTTGATGTGTGTGTATTAC

CTCCTCTA 

GTTA[CA]AACTGACA

AAGTGTG 

GTTA[CA]AGCTGACA

AAGTGT 0,0 

OMS00119 A T 

AGCGGCAGTTGTGTTAATGAG

A 

CTTCCTAAAGCCTGACAGTCT

GT CCACACAGCTGCCTGT CACACAGCAGCCTGT 0,0 

OMS00129 C G 

GGAGATGATGAAATAAAAATT

GAGGAAAAGATGA 

TGTCTGGTGAATTATCGCAAA

TAACCA 

TTGAACAACAAGAAAA

A 

TTGAACAACAACAAAA

A 0,0 

OMS00133 A G 

GACCACTTCACTCATTCCTCC

TTTT 

TCCGGTTTACACACTTCATGC

A 

CGCCTCCATCTTTGTG

GT 

CGCCTCCATCTCTGTG

GT 0,0 

OMS00138 T G TCGGACCACATGAGCAGTTC GTTCAACAGGTGCCCACAC 

CTAACAATAACCAAAG

ACTG 

CTAACAATAACCACAG

ACTG 0,0 

OMS00149 T G 

GGCATCATTGTTCTTGCTCTG

TTTA 

CCTGGGAGGGTTTATATCGGA

GTAT GCTAAATGCACAG GCTAAAGGCACAG 0,0 

OMS00151 A G 

CTAACGTCTTCCCAATGATAT

TTCACAAGATA 

ACCGTGGAAATACAATTTTTT

ATGCCAAT 

TCATGACCTTGATAAT

C ATGACCTCGATAATC 0,0 

OMS00095 A T 

CTCCAATGGCTGTCAACAATT

AAATATAAGAC 

GTGTGCTGGTCTCTTCTTTTA

TTCTCA 

AGGCAACTATATATTT

TTTT 

AGGCAACTATATATAT

TTTT 1.5,0 

OMS00169 A G 

AGCACTTGACTCAAACTCACA

TAAATCA 

CTGAGACAGGAAGAACAATGT

TAACAAAA 

CAAAAAGCATTGATAT

CAAT 

AAAAGCATTGACATCA

AT 0,0 

OMS00173 T C 

TGGAAGTAGCTACTTAACAGG

AAATGG 

AACACGTGTGCTTGTTTTGTC

AA 

CATTAGCTTGTGTATG

AACT 

ATTAGCTTGTGTGTGA

ACT 0,0 

OMS00176 T G 

GTTGGAAGTTCCGGTGGTAGA

G CTGGGTCCTGAAGGAGCTT TTCCAGCACTGCTGTC CCAGCCCTGCTGTC 0,0 

Omy_impa1-55 C T CGCTGAGAGGATTGTCAA 

TTTTCTTTGTTCAGTCTTCTG

TCTCTG 

CGAGATGATGCGTCTA

CA 

CGAGATGATGCATCTA

CA 0,0 

Omy_103705-558 T C 

CTCCAATCGCAAATACCCAGA

CT CGCAGGAGACGGATGCC 

AGACTTACCCAGAGTG

AGAG 

ACTTACCCAGGGTGAG

AG 0,0 

Omy_105075-162 T G 

GGAGAAGGACAAGGACATTGG

TAAT 

AAAGCAGACCACACCATACTT

CTC 

CTTTCTCTCCTACTTT

CC 

CTTTCTCTCCTCCTTT

CC 0,0 

Omy_107031-704 C T 

GGCTTTCGGATACTGAGCAAC

AA 

TGAACTCACTGTTGGTATGGA

CTAGA 

TGGACATGATTGCATA

GAC 

CTGGACATGATTACAT

AGAC 0,0 

Omy_107285-69 C G 

GCCCTTGTGACAATGCACTGT

TATA 

AGGTCTAGACAGTGTGCCATT

TG 

ATACGTTACTTTTGAC

CTTGT 

ACGTTACTTTTCACCT

TGT 0,0 

Omy_110201-359 T G 

GGTAAGGCCTGTCTGACTATT

TTGA 

AGAGGTCAATGGATGCCAGTT

T 

TTTGGCTATTGAAATT

ATACATT 

TTGGCTATTGAAATTC

TACATT 0,0 

Omy_CRBF1-1 C T 

AGTTCCGTACGGTAGCCTATT

CTA CGCCCGGGTGAGAGTAATTG CAGAGTCGCCAAAAT CCAGAGTCACCAAAAT 0,0 

OMS00114 T G 

GGATGATGCTGTGAGTCGAGA

AG 

ACCTTCGCCACCCATGTTTTA

TT 

AAACGTTTCACATGCA

CC 

AAACGTTTCACCTGCA

CC 0,0 

OMS00143 T C GGAGGCACGCCCCAAA 

TTTGTTAAAATAGAGCCCTTA

GTGGGTTT 

CCTGATCCAGAATCTA

GA 

CCTGATCCAGAGTCTA

GA 0,0 

OMS00174 A C 

TGACTAACTATGCAGCCTGAA

AGG 

GGGATACTCTTGTAATAAACT

GTTGGTTAGTA 

CAAGAACAGG[AC]TA

AATGT 

CAAGAACAGG[AC]GA

AATGT 0,0 

Omy_97077-73 T A 

GTGTAAACAAAATGACTCTGG

GATTCAG 

AGAAGTGGCAATGGTGTGAAG

TAT TGGTGCAATAGAAATA 

CATGGTGCAATAGTAA

TA 0,0 

Omy_97865-196 A G 

TCCAGACTTCTGGTTTGTTCC

ATT 

CCAGCCCCTATATTCACAATT

AAGTGT ATTAATTAACAAGCTC ATTAATTGACAAGCT 0,0 

Omy_97954-618 C T GCTCTGCTTCCTCGGCAAATA 

CACAATTGGTTTTTGCACAAA

AGTAAAGTATT 

CAACGCTTACCGGTGT

GT 

CAACGCTTACCAGTGT

GT 0,0 
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Omy_128996-481 T G 

CTCATCCACACTGTACAGTAC

AAGT 

CATGCCTTCGTCTCATCAATA

ACAC CAAACCTCAACCAC CAAACCGCAACCAC 0,0 

Omy_aromat-280 T C 

CTCCATTGATTCATGCCGAAC

ATT 

GGAGAGGTCAAACATAGCCTG

GTA TCTTGCAAACTCC TCTTGCGAACTCC 0,0 

Omy_aspAT-123 T C 

GCCCATTTCACTGATGCTGTG

A 

AGGAGACCACTCCAAAGAGAA

CT 

CCTTCCTAGGCAGTCA

G TTCCTGGGCAGTCAG 0,0 

Omy_b9-164 T - 

GCACAGAACACAGCCAATATT

AACA 

GCCTTGACTCTCCCTTCATGA

C 

CCTACAACTTGATCTA

ACGTG 

CCTACAACTTGATCTA

CGTG 0,0 

Omy_BAC-F5.284 C T 

CCTCATTTACTGTAGGACCAT

GCA 

ACAACGCCAACAACTTTCTCT

TG CAGTAGGGCGGCAAG ACAGTAGGACGGCAAG 0,0 

Omy_BAMBI2.312 G T 

CGAGCTCATGTCCGAAACTCA

T 

TTTGACAGCCTCAACTTCTAG

GG CCGAAAGTTCAACTTT CCGAAAGTTAAACTTT 1.7,0 

Omy_carban1-264 G A 

GCAAAGCCTCATCTTCAATCA

TTTGT 

GCAAAACACAAGTCAGGAATC

ACTTA 

CATTAATATTGCTAAT

AACACCAAG 

ATTAATATTGCTAATA

ACACTAAG 0,0 

Omy_cd59b-112 C T 

TTTGGATAAGATTGTCTTATA

TGACTAAAATGTCATGT 

GCCAACGTCCTAGATATGGTG

TAAT 

CTAAAAGCCTATAGCA

AACT 

CTAAAAGCCTATAACA

AACT 0,0 

Omy_cin-172 C T CGCATGGGACAGGTGTGT 

GAGAAAGCCTGTAGAACCATG

TCT CGCTCACCGTGGTTAC CGCTCACCATGGTTAC 0,0 

Omy_cox2-335 T G 

AGCTGGGCTGTATTTGTCAAT

ACTT CAGCCCGCCACTGTCT 

CTTTAAAGACAAAGAC

TTTAT 

TTTAAAGACAAAGCCT

TTAT 0,0 

Omy_e1-147 G T 

GCACTGACTGTTACCAGGAAA

GAG 

GTACTGCAGTGTTGAGGCTAT

ATCA 

CCATCCTGAATCTGAT

TAA 

CCATCCTGAATATGAT

TAA 0,0 

Omy_g1-103 T C 

CTCAGCAAAAAAGAAACGTCC

CTTT 

AGTCGTGACAATGAGAAACAG

TGTT 

CCTTTTACAATGAAGA

TC 

CTTTTACAGTGAAGAT

C 0,0 

Omy_G3PD_2-371 C A 

GCAGGTAAGGTACACCATAGA

GACA CTCCCCCTGCCTTACCAAAC 

AGACATGTGGATTGGC

A 

CAGACATGTGTATTGG

CA 0,0 

Omy_gadd45-332 T C 

AGAGAAGACTCACTGCTGTTT

GC 

AAATCAGTTCCCACGCTATGC

T TTGCTCCAAAATGG TTGCTCCGAAATGG 0,0 

Omy_gdh-271 C T 

AGGTCAGTCTACTTACAGTAT

AAAGCAGT 

GTCATGTCAACAGAGTAACAT

AATAAATCTGC 

TCACCCTGAAGTGTAG

AC 

TCACCCTGAAATGTAG

AC 0,0 

Omy_gh-475 C T 

AAGTTACCAGAATTTTGCAAA

CTCAACT 

CCATATTTTGAGGTGTAGCTT

TACCCT 

CTGAAACTCATGGTAT

ACA 

CTGAAACTCATGATAT

ACA 0,0 

Omy_GHSR-121 T C 

CTGTGTATAAGTTTATACAGT

CAGCACAGT 

TTCAGAGAGAGAAATGGCAGA

AAGG 

CCTAATAACCATGATA

ACAGC 

AATAACCATGGTAACA

GC 0,0 

Omy_hsp47-86 T A CACATTAAGCACTCCCAGGGA TTGCAAAGGCCAAACAGCATT 

CAGGAGTGTAAATGTT

T 

ACAGGAGTGTATATGT

TT 0,0 

Omy_hsp70aPro-

329 A G 

TGCGTATTATTGTTTTTCAAG

GACTTTCAAA 

TGAATATTTTCAAATACATGC

CAATTCTTTCCAA 

ACATTCCAATATTCAA

CTAT 

CATTCCAATATCCAAC

TAT 0,0 

Omy_IL1b-163 T G 

GGAACAACAGGATTAAGCCTA

CTCT 

CCTAAAGGCCTAGGAAACTAA

ACTTCA 

CTGAGGTCATAAAAAT

A 

CTGAGGTCATACAAAT

A 0,0 

Omy_inos-97 C A GATGGACAGGGTCCTCTTCAC 

CCTGTAGATAAAACATGGTAC

CAGGTC 

CCTTTCTTGATGGTAT

CC 

TCCTTTCTTGATTGTA

TCC 0,0 

Omy_LDHB-1_i2 C T 

ACGCACACTTATCCTTGACAA

TGTT 

ACTGTGACAACAAATTCGGTG

ACA ATGGGCAGTCATTCA TGGGCAATCATTCA 0,0 

Omy_LDHB-2_e5 T C 

TGCTAGGTGAGTCAGAGGTAC

ATATT GACTGGAAGGCCACCCATAAG 

TTTACCTGTCAACCAC

TTC CCTGTCGACCACTTC 0,0 

Omy_LDHB-2_i6 G T 

TCCTCGCCAATACCATACATG

TC 

AGAGTGAAGCTAACACACACA

TTTCT 

CTGTGTTTTGCTTCCC

CA 

CTGTGTTTTGATTCCC

CA 0,0 

Omy_lpl-220 C G 

TGACAATCACTGAGCAACTGA

ACTC 

GTCCAGTCTTGCTTCAACTCA

TTCT 

AGTTACTCAGTGACAG

TCA 

AGTTACTCAGTCACAG

TCA 0,0 

Omy_mapK3-103 A T 

GAAGTCATTACTGGTCAGTGG

TCAA 

GCACAAAACATGAGGAAAGTT

GAGA 

AATTATTAAGCCTATT

TTTTT 

ATTATTAAGCCTAATT

TTTT 0,0 

Omy_mcsf-268 T C CCAGCATTCGTTCCCATTTCC 

CTTTTAATGTAGATTATATTC

TTCTGTAGCCACTATGG 

AAATAATAGATAAA[C

T]CCT 

AAATAACAGATAAA[C

T]CCT 0,0 

Omy_metB-138 T A 

TCTGTCCCTGACGCTATAAAA

ACG 

GAAGTATTTCAGCTTAATTTC

ACTGTTGAGTT TTCGCCAAAGAGAAAT TTCGCCAAAGTGAAAT 0,0 

Omy_myoD-178 A C 

TGGCAAAGCTGTCATTCCTTC

TAAT 

GGTCAAATATTTCATTTACGA

TTACACTTAGGC 

TTTTATGAGATATAAT

TTCC 

TTTTATGAGATATCAT

TTCC 0,0 

Omy_nach-200 A T 

CTCATGAAAAACGGGAGAGCA

AAG CAGCGGCTCTTCAGTAGTCT 

AACTGACAGAGTCACA

AC CTGACAGAGACACAAC 0,0 

Omy_nxt2-273 C T 

CTTTAGAAAAGCCAAGGTATA

TTTTAACATACTTCT 

CTGCTGCCCTCTAATGGTAAG

ATAG 

AAGGCACAGTAAATGT

[CT]GAT 

AAGGCATAGTAAATGT

[CT]GAT 0,0 

Omy_OmyP9-180 C G 

CTGGATGTGTAGTATCGGTGG

AAAA CACTGGGCACCTCTGATCTC 

CTGTAGTAGTCCCCAT

TGT 

CTGTAGTAGTCCGCAT

TGT 0,0 

Omy_pad-196 C T 

CAAACAACCACAGTAGTCCTC

CAAT 

GCTTTTCACCCTTTTGTAAAT

TAAGCCAAA 

AAGACAAAGGTGTAAT

ACC 

AAGACAAAGGTATAAT

ACC 0,0 

Omy_ppie-232 C T 

CTGTTTTAGATTAGAATGTTT

TTGGTCAGGT 

CTGAACATAGGCTTTCATTTC

AGACAT AAATAGCGGAGAAAAT 

AAAATAGCAGAGAAAA

T 0,0 

Omy_ca050-64 T G 

GTCATACAGAACTGTTTTGTT

GTGTCAA 

ACCTTGAATTGGTTCCTAATG

CTATTGT 

CAGTTTGAAGAATATA

CTC 

CAGTTTGAAGACTATA

CTC 0,0 

Omy_sast-264 G A 

GAAGTAGGGTTTGTTGACCAT

GTGA 

TGGATTCCATTTTAGGCTGTA

ATACATCTT 

CTAGCCAATGCGTCTA

A 

ATCTAGCCAATGTGTC

TAA 0,0 

Omy_SECC22b-88 T C 

GGATCCCTCCTTTTAACACAA

GACT 

CTACAGGATGACTACCTAATT

GCTAATAAAACA 

CTGTCTGTCCATATAT

C 

CTGTCTGTCCGTATAT

C 0,0 

Omy_sSOD-1 T G GCCGGACCCCACTTCAA 

CAGACTAACCGAACAGCATCA

GTGG CCACAACAAGACCC CCACAACCAGACCC 0,0 

Omy_star-206 A G CGTGTGCCAGCCCTTCT 

GACCACTGAGATCATTGCTGT

GA 

TCTTTGGCACTATATC

T TTTGGCACCATATCT 0,0 

Omy_sys1-188 C A 

CTTAAATGGTGCTGGTTGCTG

TATT 

AGTGATATCTTAGTGGGTCGA

GGAAA 

AAACATGTACGACCTG

TC 

TGTAAACATGTACTAC

CTGTC 0,0 

Omy_tlr3-377 C T GTCGCTCCGGGTGCTT GGCCCAAACACTTCCTTCCT CGTGATTAGGTTCTTC CGTGATTAGATTCTTC 0,0 

Omy_tlr5-205 T A 

GAGCGTATCTGGTATGGTAAC

AACA 

CTCCAGCAGCTTTAGAGAGTT

TACA 

CAGTAATATTTCAGTG

CCCG 

CAGTAATATTTCTGTG

CCCG 0,0 

Omy_hsf1b-241 A - 

AGCCCGAACTATCCTAAAGCA

TTTT 

AAATCAATAGCTCAGAGAATA

ATGAACACCA 

CAGTGTTTTGTTTTTT

GTCATT 

AGTGTTTTGTTTTTGT

CATT 0,0 

Omy_u07-79-166 G T 

CCCGCTATATTATTTGATCAC

CCTTGA 

ATTTAAATCCATTTCTAAAAA

TAAGCAAACCTAACCA 

ACTTGGGAATACCCCA

GCC 

CTTGGGAATAACCCAG

CC 0,0 

Omy_u09-52.284 T G 

TTTGTGTGTATTGTTGTGACT

TG 

TGATGTTATTGCAGGTCTAGC

GAAA 

ACTGCATTGTTGTAGC

TAG 

CTGCATTGTTGTCGCT

AG 0,0 

Omy_hus1-52 G A CTTGCCGGAGGGTAGCT 

CCACAACTTCTCAAATGAATG

GAATGT 

CCCATCCCTCCTCCTG

G 

CCCATCCCTTCTCCTG

G 0,1 

Omy_u09-56.119 T C CCAAGGTGGACCCACCAG 

GCTGAGTTTATAGGTCAGTCA

TTATACATATTGA 

AGTGAGCTGAAACAGA

GCA 

TGAGCTGAAGCAGAGC

A 0,0 

Omy_nips-299 T - GACAGGATAGGAACGGTTTCT ATCAGAAGTTTAATTCAATAT CTGGATTTCACATGTA CTGGATTTCACGTAAT 0,0 



 26 

CAAT GTACACGATCCT ATAC AC 

Omy_UT16_2-173 C T 

GACTCATTATCACCTTAGTTG

TAGCTTCA 

AGCTACTTGCTGTATCACATG

TTTGT 

ACAGTCAACAAGGGAC

TTAA 

ACAGTCAATAAGGGAC

TTAA 0,0 

Omy_vamp5-303 A - 

CTGCTTCCCAATTCAGTATCG

TCTT 

AGGCTGAAGCATTTCTGAGTA

TGAA 

TGGCCGTAGTAGTTGG

TCA TGGCCGTAGTTGGTCA 0,0 

Omy_zg57-91 C A 

CACTCATACACTCACTCACAA

AGGA 

AGCAGATAAGCCTTGTGAGTG

AATCTT CACAGACTGCACAGCC 

CCACAGACTTCACAGC

C 0,0 

Omy_ndk-152 A G 

AAGAATTGAGGGATAAAAACA

AAATAATATATAAACATGA 

CAAACCTACATTCATTAAAGT

CCAGTTTTGT CACCCACTTTCAAAAC ACCCACTCTCAAAAC 0,0 

M09AAD.076 T C 

ACTGTTACCACTCTCTCATCA

ACCT 

GGGTCCAGGAGGTTTTTAAAC

AACAT 

CACCAACCACTGGTGA

A CCAACCGCTGGTGAA 0,0 

M09AAJ.163 G A 

TCCCATGGCCCTTACTCTATC

AA 

TTGAGGTGTATGTTGAAAAGT

AAACTT 

AACAAAGTGAAAGTGT

CCTTA 

CAAAGTGAAAGTGTCT

TTA 0,0 

M09AAE.082 T G CTATGTGCAGTGCCCTTCTCA 

GGCTTACAAGTATGCATGACT

AGCT 

AGGTTGTTTTACAAAT

TTAA 

AGGTTGTTTTACACAT

TTAA 0,0 

OMS00002 A C 

TTTGATTTGATTTGTATCTGC

TTCTT CCAACATGCCTCACACAAAA TGTTTTGCAGCGCTC TGTTTGGCAGCGCT 0,0 

OMS00006 T C 

TCCACGTAGGACATAGTTTGA

GCTA 

TGTGGTGTCATGTTTGCCCTA

C 

CACTTACAAATACAAA

ATT 

CTTACAAATGCAAAAT

T 0,0 

OMS00024 T G 

CACATACAACCATCACCCTTC

CTAA 

AGCATTGAGCGAAATTACCAA

GAGT 

AA[AC]CCCAAATTTT

AC 

AA[CA]CCCAATTTTA

C 0,0 

OMS00039 A G 

GTCAGTACTGTGTGTGTCTGT

GT 

CCATCTACATTGTCAGCAGTG

TGA GTACGTGTCTCTGACC GTGCGTGTCTCTGACC 0,0 

OMS00053 T C GGAGCCAGGTCAAGGTGATC 

GGATGTCTGGTGTGGCTGTAA

A 

ATTTATATGTATCAAT

CA 

ATTTATACGTATCAAT

CA 0,0 

OMS00057 T G 

GAGAAAGGGAGCATGAGACAG

AG GTTGGGCTCCGGTACGAT CTCCACAGAACCTTG CTCCACAGCACCTTG 0,0 

OMS00058 A G GTGACATTTGGAGCCACTGC 

GCTAGGAGACAGAGGGTGAAA

G 

CAACACTTTGTACCCC

TC CACTTTGCACCCCTC 0,0 

OMS00062 T C ACCCTGGGAAGGCTACTGTAC 

TGAACAGAGATCTGGAGAGTT

GGAT 

TTGACCAGCAGATGGT

GTA ACCAGCAGGTGGTGTA 0,0 

OMS00064 T G 

GTGGATATGTAGTTCGATGGA

ACAGT 

TTTACAACAATCTTCTTTTAA

TAAAAATATAGCCACTTAT 

CAGGCAACATTTTATA

TAACTA 

CAGGCAACATTTTATC

TAACTA 0,0 

OMS00068 A G 

GCACTAACTGGACAACATTTT

TAAGAATGA 

GGCAGTTGAGCATTTTGGGAT

ATT 

AATATGCCTCCTTCGT

CTC 

TATGCCTCCTCCGTCT

C 0,0 

OMS00070 T C CGTTCCTGCGGGACAGT 

GTTTCTCTCACGTCCACAGAT

CT 

CAAAATACGGAAATGC

AG AAATACGGGAATGCAG 0,0 

OMS00071 A G CCGGAGTGACCTCACATTTGG 

GCATCGTACAGTTCACCTACC

T 

CTTGTTTGAGCTTTTT

CT 

TTGTTTGAGCCTTTTC

T 0,0 

OMS00072 A G GTGGGAGAGCTCGTCTATGG 

ACAACAGGTCATTGGATGTGA

TCAG 

TAGAAGGTCCATGTAT

CTC AAGGTCCATGCATCTC 0,0 

OMS00074 T G 

CCTGTTTATTCATCTAAACCA

GTTCTTTAAAAT 

AACTTAATTTAGCAAACAAAT

GTCTGAACAGAA 

TGAAACAAAACAAATG

TTCC 

AAACAAAACACATGTT

CC 0,0 

OMS00077 C G 

AATACCATCTTGAGCTCATTA

GTAATTATTCAA 

CCAGACTTTACACACTCTTGA

CTGA TTCCGGTGGTGAAGTT CCGGTGCTGAAGTT 0,0 

OMS00078 T C 

GAGGGAAGCAGCCATAAACAG

AATA 

GTCTCACTATGGTCCATATCT

GTGTAGA 

TTCACATGCATAAGAG

TG 

TCACATGCATGAGAGT

G 0,0 

OMS00079 T C 

GTAACATTATGAATCTATCAG

TTTCCCTAGCT 

ACCTGCAACGTTAGAGCTGTT

TATT 

CTACTTTTCACAGTAA

CACAG 

CTACTTTTCACAGTGA

CACAG 0,0 

OMS00111 T C CATGCGGACCTGCATAGCT 

GCTTAGCCATTGACAGAGCAT

ATCA 

CAACCAGACTACCATT

C AACCAGACTGCCATTC 0,0 

OMS00089 A G 

GCACCATTTGAATAAAAAATC

TGCTTTGT 

GCAACCCAATTCAATATTAAG

CACATGAT 

ATGAATCCCAAATAAG

AAC AATCCCAAACAAGAAC 0,0 

OMS00090 T C 

AGGGCACAACACCACTCTAAA

TT 

TCGAAAAGCAACATCTGTCTC

AGT ACAACCACACAAGATT AACCACGCAAGATT 0,0 

OMS00101 A G 

GCGTGTCGTGGGTCAGTTAAA

TA 

GTGCAATCCAACCTATTAGTA

GATATGCT 

CTCTAGTAGCCTTATA

GAAAG 

CTAGTAGCCTTACAGA

AAG 0,0 

OMS00105 T G 

ACATTTGAAGTCAGTATGGGT

GTTGAG 

GAACCTCACCACAGTACTAAA

TGCA 

CTGCTATTCAAATTGC

T 

CTGCTATTCACATTGC

T 0,0 

OMS00106 T G 

CGTGTAGCATTCTTGAGGAAG

CTT 

TTTCCAACAGATGCCAGAATC

CT TCTGATGGAAACTTTC TGATGGCAACTTTC 0,0 

OMS00154 A T GATGTTGGCTGGAGGTGTAGT TGGGAACACTTTGCCTACCC 

ACAGGGCTTCTGATTG

A AGGGCTTCAGATTGA 0,0 

OMS00112 A T TGGCAGCAAAAGGGATGCA 

TCCTGAGCAACCAGTCAACAT

T 

CCGGTTTCAAGTTTAC

TTGT 

CGGTTTCAAGTATACT

TGT 0,0 

OMS00118 T G 

GCTTATTTAGAGTGCATGCCA

GATG 

TGGAACCAATGGGACAGTCCT

A 

GCGGGGTGTGC[AG]C

ATT 

GCGGGGGGTGC[AG]C

ATT 0,0 

OMS00120 A G 

GGCAGAAGAGGAGAGAGATAT

GATTG 

CCTCAAATACCTCTGACATTG

AAGGTT C[GA]CCCACTAAAAC C[GA]CCCACCAAAAC 0,0 

OMS00121 T C GGAAGGAGGTCCAGTGTGAGT 

AAAATATGCAACACCACTAAA

ACTGGAAAA ACAGCGTGATAAATT CAGCGTGGTAAATT 0,0 

OMS00132 A T 

GTTTATGACTCCATTGCCGAA

ATGATT 

ACGCGACCTGCAATTCATCAA

TA 

CAGCAGTCCTCTGTGT

GG 

AGCAGTCCTCAGTGTG

G 0,0 

OMS00175 T C 

TTGCGATATGGGACTGTATAC

ATTTATTCC 

ACTACCTCCAGTTAAAATAGT

GTGGGAAA 

ATCACTAGTTCAAATA

CAA 

ATCACTAGTTCAGATA

CAA 0,0 

OMS00179 A C 

GTCATAACAAAATCAGGGCTT

TCCAA 

TGGGAGATTTGGGCTGCTTTA

AA 

TGCCTCTTCTCTTTTC

TCAT 

CCTCTTCTCTTGTCTC

AT 0,0 

OMS00180 T G GCGCCGAATGGCATTAGG 

CACATTGCTGTCGTTTAGTTT

GACT 

CTAAAAGTGCATTAAG

CC 

CTAAAAGTGCCTTAAG

CC 0,0 

Omy_101832-195 A C TGGCTCTGGACCTGTTGAGA 

CGTCACAGCTATTTTAGGCGT

AGT 

TGTAGTCTTTCAGAGT

AGTATG 

TAGTCTTTCAGAGGAG

TATG 0,0 

Omy_101993-189 A T 

ACAAAACACAGTGGAATTACA

ATTAACGTT 

GGAAGTTAAATTTCGCTTCGT

CAGAA 

CTTGATTTGCAGCTTG

TCAA 

TGATTTGCAGCATGTC

AA 0,0 

Omy_102505-102 A G 

CTGCAAACTGACATGGTAGCA

AAA 

TGCTTGCTTTTTAAAAACAAT

CTCCCA AACAGGATGTTTTTGC CAGGATGCTTTTGC 0,0 

Omy_104519-624 T C 

CGTGTGAGTTTGCGGTAAAGA

C 

TGACGAGTCCGTCTTATCATC

CT 

CAGCAGGATACATCCG

ACT 

AGCAGGATACGTCCGA

CT 0,0 

Omy_105105-448 C T 

CAATTTGCAAGCAGGGAAAGG

TTAT GTGATGGGCTGCAATTGCTT 

AAGGAGAATGCATAAT

C 

TGAAAGGAGAATACAT

AATC 0,0 

Omy_105385-406 T C 

ACCTACCCTCACCTGAACTTC

A CGCTCTTCTGGGCGTATCG 

CTTGGAACCATTGCTA

C TTGGAACCGTTGCTAC 0,0 

Omy_105714-265 C T CCACTCAGTGCAAGCATGGA 

GCTTTCAATCCTTGGCTCCAA

TATC 

CTGTTGTTTGAGGTTC

AG 

TGTTGTTTGAGATTCA

G 0,0 

Omy_107806-34 C T TCTTTGTCCATGCACATTGAT AGCACATTTAGTTAGCAGTGA ATTGGATGTCAGTGTC ATTGGATGTCAATGTC 0,0 
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ATT TGGA ATT ATT 

Omy_108007-193 A G GTGAATACCACCCAGGCTTGT 

GTCCCTTCCCCAGTTTCACTT

AATT 

ATGTTTTCTCCCTACT

TAAC 

TTTTCTCCCCACTTAA

C 0,0 

Omy_109243-222 A C 

ATGTGCACCTCTTAAATTGTA

AGTAAAATGT 

ACCCTATATTCAGTGGCAAGA

TTGC 

TGTTCATTAAATTGAC

TTTTT 

TTCATTAAATGGACTT

TTT 0,0 

Omy_109894-185 T C 

GGGAGGAATTGGAATGACAGA

TTAAC 

CGGTGTCATTATGGTTGTCAT

TGTG CTCCCTGATCCCCC CTCCCTGGTCCCCC 0,0 

Omy_110064-419 T G 

GTGCAAGGGACCTAGCTAATC

C 

TCTGAACTGACACTGAAGAAC

AAAGAA 

ACGTTAGCTTTTAATT

TC 

AACGTTAGCTTTTCAT

TTC 0,0 

Omy_111383-51 C T 

CACGCGCAATCTCTCGTTTTA

C 

TCTTTAGGCAACAAGCGTGTC

A 

AGCAAGCGCACT[AG]

GGT 

AGCAAGTGCACT[AG]

GGT 0,0 

Omy_113490-159 C T 

CATAGTACATTTACAGATAAT

GTTTTAAAGTGCATGT 

CGAGATACCAAAATGCCACAG

TTACAT 

CATCTGTTTTGGTTTA

GC 

CATCTGTTTTAGTTTA

GC 0,0 

Omy_114315-438 T G 

CCTCACCGATCTAGTCAACTT

CATC 

AGGAGGCTGAGGGAGATTCTA

G 

TTATGGGCTTAAGGGT

C 

TTATGGGCTTACGGGT

C 0,0 

Omy_114587-480 T G 

CAGATTACGTTATTACGTTTG

GGAAATTTTTAAGT 

GTGAAAGAGTGGGAAATATAA

TTATAAGGTCAGA CCTGTCCAAAATTGT CCTGTCCACAATTGT 0,0 

Omy_129870-756 C T TCGTTATTTTGCCTCGCGGTA 

TCCCATGAAGATGTATACATG

TTTTGTGA 

ACAGGTATTTCGTGAA

ATG 

CAGGTATTTCATGAAA

TG 0,0 

Omy_116733-349 C T 

GAAATGGACATGCCTACAAAT

TGCT 

GATGTGATCAGTTTAGGCAAG

GC 

AGAGAATCTGATAGTA

TTTC 

AGAGAATCTGATAATA

TTTC 0,0 

Omy_128923-433 T C 

ACGTTTCTTTGGGCTGAGACT

TATT 

CTATGTCCTTGGCAGAAGTCT

ACA 

CTTCATTTTCATTCAC

TGTTTT 

CATTTTCATTCGCTGT

TTT 0,0 

Omy_130524-160 C G CGAAGGTAGCGATTGGTCGTT TGTCTGTTCTGCTGTGTGCTT ATGGCTTGATCCTCA ATGGCTTCATCCTCA 0,0 

Omy_97660-230 C G 

TCAGTTATGTGTAATCTCATT

ACCTCTCCAA 

AACAGAAAAGGTCTCAATGTA

TTTTTTGCA 

ACGTAACTTGTAGCGT

TTT 

ACGTAACTTGTACCGT

TTT 0,0 

Omy_99300-202 T A CAGTTTGACCCGATGGTGTGA GATTATGGCGTGGCCTTTTGG TCAGGCATGAGAGAAA 

ATCAGGCATGTGAGAA

A 0,0 

Omy_aldB-165 C G 

GGGTTAGGTGGATTTGAAGGA

GTAA AGGAAGGTGATGCCTGAGAGA 

CTAAAATGAACTC[CT

]CCACCA 

CTAAAATGAACTCGCC

ACCA 0,0 

Omy_anp-17 C A 

GGTAATGCCACATGCGGTAAA

TT 

GGCGAAATCTGAAAATGTGCT

GTTA 

CTCTCATTGGTATAGT

AACC 

CTCATTGGTATATTAA

CC 0,0 

Omy_arp-630 G A 

CTGCACAACTTGTTTCCTGCT

ATT ACCAAGTGTCCCTGTAAGCC CCGCTCCGTCTGCT CCGCTCTGTCTGCT 0,0 

Omy_b1-266 G T 

TCATGTGAACTTTAATTGACT

AGGAAGTCG 

GATATGAAAATATCTGAAGAG

TTATATTTGGGAAATTGAC 

TCTATAAACAACATTT

TTC 

TCTATAAACAAAATTT

TTC 0,0 

Omy_BAC-B4-324 G T 

CGTACTTTTCTTTTACAAAAT

TAAGTGGAGGAT 

GCCTAATATTGGCCTAATGTC

CTTCA CATTGCCAAATACG TACATTGACAAATACG 0,0 

Omy_ada10-71 C T 

TCTTTGAGCGACAAAGTCCTT

GT ACCCACACATGAACGCAAAAG CTTCCTGCGTCCAA CTTCCTGCATCCAA 0,0 

Omy_redd1-410 C T 

GTACTCCCACTAACATACAGT

AGACTCA 

GGCACCATTGTGTTTTAGGAT

GTAG 

AAAATATCCTGCAAGG

AAT 

AATATCCTGCAAGAAA

T 0,0 

Omy_cd59-206 C T 

CGATTGGCCCAGATGTTTCCA

T GCTCCGTTGCATAGGTGACT 

CAACAATCGAAGGTAA

AT 

CAACAATCAAAGGTAA

AT 0,0 

Omy_colla1-525 C T CCTCGGCGTGACAACCT 

CCCAGAGAATGGTGCGATTAG

G CTGTTGGGAGAAGAG TGTTGGGAAAAGAG 0,0 

Omy_cox1-221 T A 

CACTGAACTGTAAGCCATTGT

GATT 

GCAACATGGGAATGATTCATA

AATGCA 

CGGTAAGACCATTAAA

A 

CGGTAAGACCATTTAA

A 0,0 

Omy_crb-106 G T 

GCTCAAAAAGATTCTGCCAAA

TTCACA 

ATTACAATGAAAGTACTTGAG

TGTTTATGCAAA TTGCAATGCGTCTTT TTGCAATGAGTCTTT 0,0 

Omy_g12-82 T C 

GATCAATTCGATCGCTCATGA

AACTT 

CTTCTCTCGTTCTCATTGTGT

CTCA 

CAAACTCTCAGGATTA

G AAACTCTCGGGATTAG 0,0 

Omy_gluR-79 C T 

GACTGTCTATAGCTATTCTTC

TCAAACTGT 

AGAAACTACCATTGTGATTAA

CAGATAGAAAATACAT 

CAAGTATTTTGCGTAG

GAAT 

CAAGTATTTTGCATAG

GAAT 0,0 

Omy_hsc715-80 C A 

CCGGTCTACCCTATAGCTGTT

G 

AGTCAGTCAATTAGTGGTTTG

AAATACTATCA 

AACTGTATTTGGGAAA

AT 

ATAAACTGTATTTGTG

AAAAT 0,0 

Omy_hsf2-146 A - 

GGAGCAGAAAAAGGATTGGAC

CTT 

CCAACAATTGCAGCCTCATCT

TAAT ATAATCTACTA ATAATCTAACA 0,0 

Omy_IL17-185 G A CCACCACACTCTGCAGCTT TTGACGGGAATCCGAGACTTC 

AAGAATCTCACCTGCC

CAT 

AAGAATCTCACTTGCC

CAT 0,0 

Omy_Il-1b_.028 T C 

ACTGTCTGGCTAGAGCACATT

G 

ATCTTCTACCACCGCACTGTT

TTAA CTGAGGCAACTTTTGT TGAGGCAGCTTTTGT 0,0 

Omy_Il1b-198 A T 

TTTAATCTCGGTGCTGAGCTA

GTG 

CAAGCAAAATTGACTCCAGCC

ATTA 

GGGAATGAAGCAACAA

CTA 

GGGAATGAAGCTACAA

CTA 0,0 

Omy_IL6-320 C T 

CTTGTTCCTCGTTGTCTTCCT

TCTA 

CGACTGATCTCCTGCAGACAT

G 

CTATAGGAGAGAGGAC

AACA 

ATAGGAGAGAAGACAA

CA 0,0 

Omy_metA-161 T G 

CGCATGCACCAGTTGTAAGAA

AG 

AGTGCCACCAGCGATAAGAAA

A 

CAAGTAAGTGGTTATA

TTCT 

CAAGTAAGTGGTTCTA

TTCT 0,0 

Omy_NaKATPa3-50 A C 

GTTGAGCGTGTTATGGGAAAA

GAG 

TTGCATCGGCTTTCTGAAAAC

C 

CACTCTGTTTCCTTTC

TTT TCTGTTTCCGTTCTTT 0,0 

Omy_txnip-343 T C 

CCTTCAAACTAACGCATCATA

GACATG 

GGTCACTTGGCTAATCCCCTT

AT 

CCAACTGAAGAGATCT

G CAACTGAAGGGATCTG 0,0 

Omy_nkef-241 C A 

AGTGTCATTGATGTCGGCCTA

TTTT 

AAACGAATGTCCACCTCAGAT

GTT 

CTTCTGTATCATTTTT

G 

TCTTCTGTATAATTTT

TG 0,0 

Omy_ntl-27 G A 

GGTGTGTTACTGTAGTTGTGT

CCTT 

TGTGTAGCTAGTGATCCTGAT

TGTCT 

CAGACAAGAGTACCCC

AAGAC 

CAGACAAGAGTACTCC

AAGAC 0,0 

Omy_Ogo4-212 T C 

TCCTCTCTCCCATTCAATCAC

TAATGA 

AGACAGTAACAAAGCCTCAAA

CTTGA 

CATTTGATGAGACATC

TT 

ATTTGATGAGGCATCT

T 0,0 

Omy_bcAKala-

380rd G A 

TTGCTCTCTTCTGGTTGCCTT

A 

CTTCAGGAGAAAGCGCTACTG

T 

CATACCCATCCTATGT

CAG 

CATACTCATCCTATGT

CAG 0,0 

Omy_Ots249-227 C T 

CCCCTAGATTAAACCTGTCCA

GTCT 

CTATCTATCTATCTATCTATC

TATCTATCTATCTATCTACTT

ACTGAGA CCCTCTGAGAACTAC CCTCTGAAAACTAC 0,0 

Omy_oxct-85 A T 

CGTCACTGAAACATTACTGTA

ACATCCA 

CATCATCACGCTGTTGGTTTC

TTAA CATCGCTTATTTATGC CATCGCTAATTTATGC 0,0 

Omy_p53-262 T A 

CCCCAACATCCAGTATACAGT

TTCA 

CCCAAATTGGCAATTTTAATA

GGATTCAGA 

CAAGTAGTATGGAGCT

CTAT 

AAGTAGTATGGTGCTC

TAT 0,0 

Omy_rapd-167 G T 

CCCAACATGCTCTATTGCAGC

TA 

AGTTGCATAAGATGAATCAAT

AAATTAAAAACACAGAT 

AAACAATCCCCCCCAA

A 

AAACAATCCCACCCAA

A 0,0 

Omy_rbm4b-203 - T 

CTGAAATTTGATGAATGGAAG

CTGCA 

CGTATTCAAGTCGATATACAG

TCACGAT 

CACGTTATTATGAAAA

GGATGT 

ACGTTATTATGAAAAA

GGATGT 0,0 

Omy_srp09-37 C T 

TAGTTGTATTAACTCTTCTTT

GAGTCTAGA 

TCATTCCAGCTCCGTTCTCTT

C 

TTGTGCTATTGACGCC

ACAG 

TTGTGCTATTGACACC

ACAG 0,0 
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Omy_stat3-273 G - 

CAGACCTCCTCTATCTCCCTA

TGAG 

ACCTCCTTTAAATTGTGCCCA

AGAA 

TTTTCCAGACTCCAGT

TTG 

TTTTCCAGACTCAGTT

TG 0,0 

Omy_u09-53.469 T C ACAGCCTGAGCGTTTGCA 

GGAAACTGGGAGAGATCAAAG

GA 

TTGCAGCCCTTATTGT

G 

TTGCAGCCCTTGTTGT

G 0,0 

Omy_u09-54-311 C T GTGGCTCCCCAGGAACAAG 

AAGTTTCATGTCACATTCCAG

TTACCT 

TGGTAATTATTCAACA

GATCAGT 

TGGTAATTATTCAACA

AATCAGT 0,0 

Omy_U11_2b-154 T C 

GGGAAGCAGAAAAACTGGAAG

TT 

CCCTCTGTGGGCTTGATATTC

A 

AATGATACTTTTCAGA

TTGTAAC 

TGATACTTTTCAGGTT

GTAAC 0,0 

Omy_vatf-406 T C 

TTGCTTCATTTTGTCATAACC

TTGGG 

TGCATGCTCTGACAAATGTTA

CACT 

TTGCAGATGACTATCC

ACA 

TGCAGATGACTGTCCA

CA 0,0 

OMY1011SNP C A AGGCTGGTTTGGGATTCACTG 

CGCCAAACACTAACTCTCTGT

CT 

CTTTACCTCGAAGACA

AT 

ACTTTACCTCTAAGAC

AAT 0,0 

OmyY1_2SEXY X Y GCGCATTTGTATGGTGAAAA GCCTGGCATATGAGTGTTGA 

 

ATGTGTTCATATGCCA

G NA 

OMS00041 G C 

GATTCTGTTCCATCCTCTTTC

TGTCA 

AAACATAAAAAAGGGCATGAA

GGTGTC 

CCACTCTATGCCTGCC

CT 

CACTCTATGCGTGCCC

T 0,0 

OMS00103 A T 

GAGATCACTGTAGGATTGGCT

GTTT 

CCTCAGAGCAGCTCACAATGG

CATC 

CTCCACAGTAATTTTT

TTTT 

CCACAGTAATTATTTT

TT 0,0 

OMS00116 T A 

GCCTTTCTCCCATATCACATT

CGA 

AAACGCATCTTACACTGTGTT

GTG 

CTTTTACATTTTCAAT

ATTCTG 

TTTACATTTTCAATTT

TCTG 0,0 

OMS00127 T G 

CACCTTTCTCTCTCTCTCCAT

CTCA 

AGTGTGCTACACAACCTTAAA

AAATATATATCTATT CACACACCCAAATGTA ACACACCCCAATGTA 0,0 

OMS00128 T G 

ATGAAAGAACTCCCAGACACG

TATTTT 

ACATTTTAACACAGTAACACT

AATACACACCA 

ACTCTCAGAATTAATT

ATG 

CACTCTCAGAATTCAT

TATG 0,0 

OMS00134 A G 

GAAACTGAAATGATCCCATCG

TGTT 

GCTAGCATAACAGCATTGCCA

TAT 

TCTATAGCTGCAGTAT

ATTA TAGCTGCAGCATATTA 0,0 

OMS00153 T G 

ACTTTGCACCATAGGCTTGAC

AT 

TGATAAGGATGATCAAAAAGC

TGAAGTATGTA 

ACAAAATGTAATTTTC

C CAAAATGTCATTTTCC 0,0 

OMS00156 A T 

GAGCAGAACACATAGAGGAAA

GACT 

GTAATCACCCTCTTAGCCTGT

ATGG 

TGTGTGTCCTGCTGTA

ACA 

TGTGTCCTGCAGTAAC

A 0,0 

OMS00164 T G 

CAGAGGAGAGGAGAGCAAAAT

ACTT 

ACAACCTACTCATTGAAACTC

ATTGGA 

CCAGATTCAATTAAAT

TTA 

CAGATTCAATTCAATT

TA 0,0 

Omy_1004 A T 

GAGAATCGGAGCTAATCTTAG

TTATTGTGA 

CACTTTATTGAGCTACATGGC

AAATCTG 

CATGTGATGTTTTTTT

GC ATGTGATGATTTTTGC 0,0 

Omy_101554-306 T C 

GCCTGTATTTCTCCTGTATGT

GCAT 

TCAACTTTTGCAAACTTTTTT

ATTCTTTGTCATTT 

TGCTTCTCACATTTTT

A 

TGCTTCTCACGTTTTT

A 0,0 

Omy_102867-443 T G 

CATTTGTTTAATTTGATTTGG

CACAACTTCA 

CCCTAGTTCTGTAACACAAGA

CGTAA 

TTTGGGTACATAATTT

TT TGGGTACATCATTTTT 0,0 

Omy_104569-114 A C CCGAGGCCGACGTGATC GCGCCTCGCTCATCATCA CGCCACTCCGACGCC CCACGCCGACGCC 0,0 

Omy_107336-170 C G 

GCCCTCTCACTCATGACATCA

AC GCTCCAGCCACTCGCA 

CACTCCTGGGTGCAGA

A ACTCCTGCGTGCAGAA 0,0 

Omy_109525-403 A G 

CCTCATTCTCATTGGTGAGTT

GTCT 

TGTAAGATCTGACCACATGAG

TATAACCA 

CCTACACCTCTTTTTT

CCACA 

CCTACACCTCTTTTCT

CCACA 0,0 

Omy_110362-585 G A 

GCAGCCAAGATGAACGAAAAC

TTC CCGGCCTGGGTCTCAATG CACCGCCCTGCCCGT CACCGCCTTGCCCGT 0,0 

Omy_110689-148 A C 

GTGTGTGGCAGAGAACTAACT

GAT 

GGTTAAGACATTAACATAACA

CTGGACTCT 

CAAATGAACACATTAT

TTATC 

ATGAACACATGATTTA

TC 0,0 

Omy_111084-526 A C 

CACCACACCAAGCAACTATTT

CATT 

ACCCAACTACTGTCCCATTTT

TCAT 

CCAGTGAAATTTATTT

TT 

CAGTGAAATGTATTTT

T 0,0 

Omy_111666-301 T A 

GGGTGAAAAGAGTGGGACATT

TACA 

GTCAATTTCAAGGCACCAGAC

AAT 

AGTATAACACAGTAAG

ACAAT 

AGTATAACACAGTTAG

ACAAT 0,0 

Omy_112301-202 T G 

GTAAACCCTGCCCACATAATT

AGGT CTGAGACACTGCTCCAAGGT AATGCGAAGACAAACT AATGCGAAGCCAAACT 0,0 

Omy_112820-82 G A 

CCTTTCCTTTTGCATTTCCTC

TACTTATTTATTT 

AAATGAACTCACGTTGACCTC

TGA CGCCGCCAAGTTA CGCCGCTAAGTTA 0,0 

Omy_114976-223 T G 

GACAAACAGCACTTCATTGCA

GTAA GTTGCTCCAGCACCAGGT ACCGATGGAACAATC CCGATGGCACAATC 0,0 

Omy_116938-264 A G 

GTTCATTCATGTTGAAGTGCG

ACAT CTCTGCATGCTCCCATCCT 

CCTTGTCTCAATTTTT

CCTCT 

CTTGTCTCAATTTCTC

CTCT 0,0 

Omy_117286-374 A T 

TGATGTGTTGTTCCTCATGGC

TTA 

CTGTGCATTTATTCTTGTGAT

GCTAGG 

CTTTCCTCATCATACT

CTATGG 

TCCTCATCATACACTA

TGG 0,0 

Omy_117370-400 A G 

TGCAAACACAGAGGAAAGGGA

TTT 

GGCTTATTTGTTCCGTACTTG

CATT 

CAACTCCAATGAATTA

A AACTCCAACGAATTAA 0,0 

Omy_117540-259 T G 

GGCAGGTTAACACAGTCATCT

ACTATAAA 

CAGCATGTTGCTTTAATCCTT

CACA 

TGTCACTTCAAAGTTT

G 

TGTCACTTCAACGTTT

G 0,0 

Omy_117815-81 C T 

CTGCTTTATGCACACCACATT

GT 

GCTCTTTCTGGAGAACAAGGT

ACTG CTATACGGAGACCAGC CTATACGGAAACCAGC 0,0 

Omy_118175-396 T A AGGCTTCACACACACATGCA 

GACGCGCAACCTCTAGATTAT

ACTT 

CTCTTGCAGACATACC

CGTA 

CTCTTGCAGACATTCC

CGTA 0,0 

Omy_118205-116 A G CTGCGGTGGGCTACACA CGCAGCTGCGGATGAG 

CTACTGAGGCTGAGTG

CT 

TACTGAGGCCGAGTGC

T 0,0 

Omy_118654-91 A G 

CAGCGTAGACCGTTTCCTCAT

TAT GCGCCGATGAGCAGCTT 

TCAGCTTGTCTTGCCG

C CAGCTTGTCCTGCCGC 0,0 

Omy_120255-332 A T 

GGCTACAGGGACTTTACAATG

GG 

GCTAGCTAACATTGAAGGGTG

GAAT 

ACTATGCCATGAAGTT

A 

ACTATGCCAAGAAGTT

A 0,0 

Omy_121713-115 T A 

TGTGACAGAGCCAAGGAAAAC

C TGGGCTAGTGAGGGAGTGA TCAGGTTGAGTATTGC TCAGGTTGTGTATTGC 0,0 

Omy_128693-455 T C 

GCCTGCAGGAGAAGGTAGAGT

TA 

GAAATGGAATGGACCCCAATC

CT CACTCAACTGATACCC CTCAGCTGATACCC 0,1.8 

Omy_131460-646 C T 

GTGAAAAGGAATGGAGGAGTA

CAGT 

TGCTAGGACAGGAAGATCATT

TGTG 

AATAAAGCAGAATTTG

TTACTG 

AAAGCAGAATTTATTA

CTG 0,0 

Omy_187760-385 A T 

CGGCTATTCTCGCGTAAAAGC

T 

AAATGCAACCAGAAACGGAAT

GTC 

TCCTTATCCAAAATTA

TTGTGC 

CTTATCCAAAATAATT

GTGC 0,0 

Omy_96222-125 T C 

GTAAGGAACTAATTGGCGCAA

CATT 

CAGTTTGTCTAACACCCAGGC

ATAT 

AACTACAACTGTAGCT

AATT CAACTGTGGCTAATT 0,0 

Omy_98683-165 A C 

GCCATTGCCAGAGAATTTGGT

TAA 

AACACACGCACCATCTTAAAG

C 

AGCCAGATACATATTT

GT CCAGATACAGATTTGT 0,0 

Omy_BAMBI4.238 T C 

CATGATGAGGAGGACCAAGAT

GAG AGGTGTGGTTCAGGGCAG CACCGCAATCACCG ACCGCGATCACCG 0,0 

Omy_cyp17-153 C T 

GCCCTCCAAGTTCCAAGTGAA

AA 

CAGGTCATTGATGAAACGTCA

GAAC 

ATACCTGAGTGTCATC

G 

ATACCTGAGTATCATC

G 0,0 

Omy_ftzf1-217 A T ACAGGGATGGGCAACTTTGTT GGATGACCCACGTGACACT 

TCATGACGAGTTCTGA

TTT TGACGAGTTCAGATTT 0,0 

Omy_G3PD_2.246 C T TCATGTATCAATTAAGGCATT GTTAGACACAGTGACCACCTC AGTAAAGCCCATTGTT AGTAAAGCCCATTATT 0,0 
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GTCTTGTCT TTT GAGT GAGT 

Omy_GH1P1_2 C T 

TGCATTTGATGGAAACAAACA

TATTTATAATGTGT 

CAAAAACAAGGACAATTCTAA

GTGACCTC 

AAACTGTTGAACGGTA

GTG 

AAACTGTTGAACAGTA

GTG 0,0 

Omy_gsdf-291 T C 

GCATGGAACCAGTTCTCTACA

AAAG 

ATGGAGTGGAAAATCACAGCA

CATAT 

CATAACCCAGAATTAT

TA 

CATAACCCAGGTTTAT

TA 0,0 

Omy_hsp90BA-193 C T 

GGAATCGATGACGACGAAGTG

ATC TTCCTCCATGCGTGATGCA CCTCCGCGCCTGC CCTCCGCACCTGC 0,0 

Omy_MYC_2 T C 

CGGTTGCAGAACTCTCATGTT

TG 

CACGCCATGTCTTAACTTGCA

TTA 

CATAGACTTTTTGACC

TTAT 

CATAGACTTTTTGGCC

TTAT 0,0 

Omy_u09-61.043 A T 

TAGTCACATCCATAGTAATAC

TTCC 

TGTTCAGAAGCAGAAAACCAA

TCTCT 

CACTTGGTCCTTTTTC

A CTTGGTCCATTTTCA 0,0 

Omy_UBA3b A T 

GCCACTCAATGCATGTGTTTT

CTAG 

CAGCTAGCTTAAGTGGGATGC

AA 

TGGAGATAACGCTAAC

TATT 

AGATAACGCAAACTAT

T 0,0 

Omy_RAD17632-23 C T AAGCTCCTGCAGGTCATCTC 

TCTGTGAACTGTCTTCTGCAA

GT 

CATGTGAGACCTTTGC

A 

CATGTGAGATCTTTGC

A 0,0 

Omy_RAD23577-43 T C AATAGGAACCAAGCCCCAGC CAGAGCCTGAACCCATGGAG 

TCTGGCTCTGTCGGTC

T 

TCTGGCTCCGTCGGTC

T 0,0 

Omy_RAD26080-69 G A TGTGGGACAGCACATACTCC CCAGGACACCAGTGGAGAAG 

ATTAGTAGCATCATCG

AG 

ATTAGTAACATCATCG

AG 0,0 

Omy_RAD29700-18 C A AATGGAATTGGCCCCAACCC 

TCTCCATTGTGTGTAATCATG

GT 

ACAATTCAAATGATTT

A 

ACAATTAAAATGATTT

A 0,0 

Omy_RAD36848-7 G A CGAGGACGTTCATAGGGAGC TCGATAAGTCCACCAGCTGG 

TGCAGGGACACCACCC

T 

TGCAGGAACACCACCC

T 0,0 

Omy_RAD38269-10 C A AAGCCACACCGTTCAACTGA TGGCTTATCGCGCTCTAGTG 

TGCAGGCGCCCGGCCC

GC 

TGCAGGCGCACGGCCC

GC 0.5,0 

Omy_RAD43612-42 T C GTGGAGAGGGATTTTGGGGG TGACAGGACAAACACAAGCCA 

AAATGTGTATTTGTGT

A 

AAATGTGCATTTGTGT

A 0,0 

Omy_RAD45104-18 A G TGGTGCTTCAGTGCTGTCAA AGAGTGAAAACTGTGTGCGG 

CAAGACACCGCACACA

G 

CAAGACGCCGCACACA

G 0,0 

Omy_RAD47080-54 A G TCAAAACCTGCAGGACTTGGA 

TGGTTATATCTACAGTACAGT

TCGT 

TGCAAGACTTAAAACG

A 

TGCAAGGCTTAAAACG

A 0,0 

Omy_RAD47444-53 C T GTCGTCTGGAGGAGCTGAAG GGGTGACGTTTTCCTTCAGC 

GGCGAGCTTGGCCCAA

A 

GGCGAGTTTGGCCCAA

A 0,0 

Omy_RAD48799-69 A G GCTGAGCCACCTACACACAG GTCTAACACTCGCAGCAGGT 

CATCCTAGAATAGAAG

T 

CATCCTGGAATAGAAG

T 0,0 

Omy_RAD5026-64 G A TCAGCGTTATACCTGCAGGA CCCTCCTAACCTGTGGTGTT 

TGTAACGCAACACCAC

A 

TGTAACACAACACCAC

A 0,0 

Omy_RAD52458-17 C A ACGTGTCCCTGAGGATGGTA AGCTCTAGGTCTGGGTCCTG 

ATGGCCCC[CT]AAGA

ACCC 

ATGGCCCA[CT]AAGA

ACCC 0,0 

Omy_RAD52812-28 C G AGGAGTCCTGTCCCATGTCA GCTTAAGGCTGTGGTATGTGG 

CAACCTC[TC]ATTCC

ACAT 

CAACCTG[TC]ATTCC

ACAT 0,0 

Omy_RAD58213-70 A T CCTGATGGGTGCTCTTCTCTC 

AAACAGCATCATTATCCATAG

TGTT 

TTTTTT[TA]AAAATA

TACT 

TTTTTT[AT]TAAATA

TACT 0,0 

Omy_RAD58835-15 G T GTCTGCTAAGGTCCTGCAGG GCCGACCATGAGAGACCTG 

ATAGCTGCTGGGACCC

A 

ATAGCTTCTGGGACCC

A 0,0 

Omy_RAD62596-38 A T GCAGGACACTGGTTCCCAAA 

CCTGAGATTTGAGATCACTGG

CT 

TTAAAAAATATATATT

A 

TTAAAATATATATATT

A 0.5,0 

Omy_RAD66834-17 C T CTCCTGCAGGTCATCTCTGG CTGTCTTGTGCTCAATGCCTG 

TCTGGCTGACACCTTT

A 

TCTGGTTGACACCTTT

A 0,0 

Omy_RAD69583-33 C T GACTCTAGACTGCTCCCTGC GGCCTCAGTCTCCTTCCAGA 

CCGGAGACATT[CT]C

GCGT 

CCGGAGATATT[CT]C

GCGT 0,1 

Omy_RAD7210-8 C A GCGCCTTGGTCTCCTTCATA ACACCACACTCCACAAAGCA 

TGCAGGACTTGCTTTG

T 

TGCAGGAATTGCTTTG

T 0,0 

Omy_RAD74691-49 A G CATCTCAGATCAGCCACCCG 

AGCACAAATTCTTCTGTTGTG

CA 

ACTGTGGATTTGCACA

A 

ACTGTGGGTTTGCACA

A 0,0 

Omy_RAD77789-54 T C AGACAAAACCTGCAGGGGAC 

AGCACGTTAAAACCAAACTGT

CA 

TAAATTATATTTGACA

G 

TAAATTACATTTGACA

G 0,0 

Omy_RAD88122-32 G A TCAGTGGATGGAGTGTCCCT GGTCTTTGGCCTTGTTGCTG 

GCTGTGGAGATCAT[C

T]CG 

GCTGTGGAAATCAT[C

T]CG 0,0 

        
O. tshawytscha GT-seq panel (298 loci plus sex determination marker) 

        

Assay: A1: A2: FWD: REV: A1-Probe: A2-Probe: 

Allele 

Corrections: 

Ots_110495-380 G C 

GCCTAGGTATGTACGAAACTT

CACA 

AGGCTTTTTCAGATGGTCGTA

TGA 

CATAGAC[AG]GGGGC

CAT 

CATACAC[AG]GGGGC

CAT 1.7,0 

Ots_ARNT G T CCACTGGCTGTGGAGCTT 

GGGTTCAGTGATAGTTGGGCA

AAT 

TACAGATGTCATTTTA

C 

CTACAGATGTAATTTT

AC 2.2,0 

Ots_crRAD18289-

33 T C GCAGGGAAAACTGGTCAGGA AGGTGAACCTCCGTCCCA GAATGGTGTTAAAT GAATGGCGTTAAAT 0,0 

Ots_crRAD48459-

74 T C GGTCACGATCGTGGGGTC ACCGTTCATCCTCCAGATCT GGCTGATGACCGG GGCTGACGACCGG 0,1 

Ots_crRAD55400-

59 C T CGCAATGAGCCAACCCCT CTGGTTTGTTCCCGGGCT 

CTAACCCGGA[CA][G

A]AC 

CTAACCTGGA[CA][G

A]AC 0,0 

Ots_crRAD57376-

68 T C 

TGCAGGCATCATGCTTAATAA

CT ACGTGACACAGGTCTGGG ATAAAGTGTGTTAT ATAAAGCGTGTTAT 0,0 

Ots_100884-287 T C 

CGGAAGACCAGATTCTCCAAG

AGTA CGACCAAGTAGCGGCACTT 

ATAGAACTACAATTCA

CATATAT 

AACTACAATTCGCATA

TAT 0,0 

Ots_101119-381 T C 

TTTTCTAGGACAGGTTGCTTG

CA 

CCAGGTTTCTTTAGCCTACTT

ATTCTTTACA 

TGCCACATGATAATTG

A CCACATGGTAATTGA 0,0 

Ots_101554-407 C G 

TGAAAGATATCAATTGTAGTA

GTGGTGGTG ACACGCCAGTCCACAAGT 

ATGGAGGATTGTGGTT

GT 

ATGGAGGATTCTGGTT

GT 0,0 

Ots_101704-143 T G 

ACTTCTTGAGCCAATCGGATG

ATG 

CCAGAGATAAACTAGTGGAGG

AGATCA 

CTTAGACGTCAGAGGT

C 

CTTAGACGTCCGAGGT

C 0,0 

Ots_101770-82 G T GCGACTTGACAACGAGGAGAA 

CCCTCTTCATAACGTTACCAA

ACAC ACTTCCCGGAGCTGC ACTTCCCTGAGCTGC 0,0 

Ots_102213-210 A G 

CATTCCATGACAATGATTGAA

ATCTAAAAACAC 

GAGTATCTCAATTGCAACACT

ATGGTATGT 

CTGTATACAGTAAGAG

TATTAAT 

ACAGTAAGAGCATTAA

T 0,0 

Ots_102414-395 A G 

GCCTACTGATAAATGTATGAC

AGTAATGGA 

CAATAACAAACAAGCTAGGAA

CAAAAGTGT 

CACATAGTGTAGCTTT

ACTAC 

CACATAGTGTAGCTCT

ACTAC 0,0 

Ots_102457-132 A G CCAGCAGAGACTGGGTTCAC TTCCCTACCGGCGAAACC 

TGGGGCAACGCACAAT

TGGCT 

TGGGGCGACGCACAAT

TGGCT 0,0 
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Ots_102801-308 C A TGGGACAGAGGTGGGAATTGA 

CCCAAAGATGCTTAACTGAAG

ATGTG 

AGGGACAGTTTCGCAG

ACG 

AAGGGACAGTTTCTCA

GACG 0,0 

Ots_102867-609 A G 

CTCTGCCATTCATTTGGGCTT

TG 

GTCTAAAGTGGTCCCCTTGGA

T 

ACAGAGAGAAGTCCCA

GGTG 

AGAGAGAAGCCCCAGG

TG 0,0 

Ots_103041-52 A G ACCACCCACCTCCTCAGA 

AGACAGAGAAAGTCGGGACAC

T CATCCTGCTGGACCC CATCCTGTTGGACCC 0,0 

Ots_103122-180 T C CAAACGCGCACTCACACACA 

TCACAATGGTACGATTTTACG

ACTCAA CATCAACACAATCTGC CATCAACACGATCTGC 0,0 

Ots_104048-194 C T CAGCTGCTGCAGTCAATGAG 

GCTCCTTACCAGTGTTGTCAG

T 

C[TC]GCCACCACCAC

CAC 

C[TC]GCCACCGCCAC

CAC 0,0 

Ots_104063-132 C T 

GCGTTACTGGTGTTATAAACG

TTAGC 

GTTTATTTAATTATGAAGGAC

GATGTTGAAGTCA 

CTTTCGTCCTTAGCAC

ATAG 

CTTTCGTCCTTAACAC

ATAG 0,0 

Ots_104415-88 C T CCTGAGCATCCCAGTTGAACT 

TGTTTTCAATACACTGCAATT

TAGTTTTGGT 

TCCTGAAAAACGACAT

CC CTGAAAAACAACATCC 0,0 

Ots_105105-613 C G 

AGTACAAGTGCAGAGAATGAC

ATCATG 

GGTGTTTTATTTTCCCATATA

TCTTTTAACTTTAAGCT 

CCGAGCTTGAGTTAGG

A 

CCGAGCTTGACTTAGG

A 0,0 

Ots_105132-200 G T CGATGTACTGAGGGCAGTGT 

GAGTGGAGTTCCTTAATAATC

ATTGACCTT CAAGAGTGGCATAAAA CAAGAGTGGAATAAAA 0,0 

Ots_105385-421 A G 

GACTGTCTTGGAACCGTTGCT

A TCCCGGAACACACCAATGTC CCTCCTGGGTATATCG CTCCTGGGCATATCG 0,0 

Ots_105401-325 G T GAACTGAGCGGCTGCTG CGCCTCCTGGTGTCTATCCT 

CCCGGACAAGATGAGA

CAG 

CCCGGACAAGATGAGA

CCG 0,0 

Ots_105407-117 T A 

TGTGTACATCCGCGTAAATAT

TGAAGATAA CTGTGAGCTGCTGCAAACC 

CAGGTTAGGAATGGTT

G 

CAGGTTAGGATTGGTT

G 0,0.5 

Ots_105897-124 C T 

CCTCAGTGTTATTTGTATATG

ATCATTTTGAAACATTT 

AGCCCAATGCATCTACTGAAT

TCAT 

AACCAATAATATGAAA

CTGTG 

CCAATAATATGGAACT

GTG 0,0 

Ots_106313-729 A G 

TTGTTCAATGGGCATTAATGC

ATGTT 

TGCTTATGTGCAGATACTTGA

GACAAA 

AAGAGTCCAGCGTTAC

TT 

AAGAGTCCAGTGTTAC

TT 0,0 

Ots_106419b-618 G T 

CAAGGGCACATTGGCAGATTT

T ACCGGACCAAAGCACACA 

CAATGATTAATGATTA

ATCCTTC 

TGATTAATGATTCATC

CTTC 0,0 

Ots_106499-70 C G 

ACTCTATCATCGGCAGGACCA

T 

ACCGTAAGTGTGGTTGTGTTC

ATTA 

CATTTTTCAGAATTGT

ATTC 

CATTTTTCAGAATTCT

ATTC 0,0 

Ots_106747-239 C A 

ATCGAGGATGCCTCAAAGACA

TC 

GTTAGACCCACCACCAGTCAT

C CCCGCGGTGAGTAT CCCGCTGTGAGTAT 0,0 

Ots_107074-284 A T CCCACTTCCAGAGCCTGAA 

TTTTCCATGGCTGTGTGTACT

GT ACCGTAGCTGCACCTG CGTAGCAGCACCTG 0,0 

Ots_107285-93 T A 

GCCCTTGTGACAATGCACTGT

TATA 

AACATACACCAATACTTAGGT

CTAGACAGT 

AAGTAACGTATCAAAT

GGC 

AAAGTAACGTATCATA

TGGC 0,0 

Ots_107607-315 A C 

GTGATGAGAGGTTTCCGGAAA

ATCT 

GTGTTCTGGATTCCATTGTGC

AAA 

ATGGGAGACAGATAAC

T 

ATGGGAGACATATAAC

T 0,0 

Ots_107806-821 T A 

CTCCCTTGCTTTTGGTCATTG

G 

TGCAGTGCTGAATTAGAGATT

AATTTTTGTG 

CAAAGAAAATCAAAAT

TT 

CAAAGAAAATCTAAAT

TT 0,0 

Ots_108007-208 A T 

CAGGCTTGTGTTAAGTAGGGA

GAAA 

CATTGGACAAGACCGGGTAGT

C 

CAGTTTCACTTAATTT

TAAAATG 

TTTCACTTAATTTAAA

AATG 0,0 

Ots_108390-329 G C 

GAGGTTTGTTACTGTCACCCA

TAGA 

CCTGCTGTAGCAAACTGTCTC

AAA 

CTACTTATGTAGCATT

TTAA 

CTACTTATGTAGGATT

TTAA 0,0 

Ots_108735-302 C T 

CCTTTTTCTTATTAGTTTTAC

TTCCCCAGAGA 

CAATTCCATTCTTGATTCTGT

TTAACGGT 

AAACAAACAACGCCTC

ATG 

AACAAACAACACCTCA

TG 0,0 

Ots_108820-336 G A 

TGAAATAAATTGTTCTGTTGA

TATGTGAATTTTGGA CAACGACACACCAACAACGT 

ATTGCCCATCTCAGAA

TA 

AATTGCCCATCTTAGA

ATA 0,0 

Ots_109525-816 C T 

GCCAGATAGTAGCGTACATCA

TGAG CTCCCCATGTCCCTGAGTCT CATGAGGCGTTCGGC ATGAGGCATTCGGC 0,0 

Ots_109693-392 T G 

TCTCCCTCATTCCCATGTCAT

ATCA GGGAACGTATCAGGTGAGTGT 

TCCGTTAGTTCATCCT

GG 

TCCGTTAGTTCCTCCT

GG 0,0 

Ots_110064-383 C T 

AACAAAGAATGTTAAACACCA

AACAGGAA 

GTGCAAGGGACCTAGCTAATC

C 

CTACGTAATGAACGTT

AGCT 

ACGTAATGAACATTAG

CT 0,0 

Ots_110201-363 A T 

GTTTGGCTATTGAAATTATAC

ATTAAAACATGTAGCT 

CCATGGCATCCTGTAAAGAAC

AACA 

TTTTAAAA+CTGGCAT

CCA 

TTTTTAAACTGGCATC

CA 0,0 

Ots_110381-164 A G 

CTCTTGTTTGCTATGGGAGAT

GTAGT 

CCGTATCCTAAACCCTTCACT

GTT ATTTGCGTCTTCTCCC TTGCGTCCTCTCCC 0,0 

Ots_110551-64 C A 

GAGTGGTCAAGGTTTCAGTTT

CTG 

GAAATGGACAGACACAAGGTC

AAAC ACGCTCGGAACATT ACGCTCTGAACATT 0,0 

Ots_110689-218 T G 

GTATAAACTAGAGTCCAGTGT

TATGTTAATGTCTT 

CATGGCAGACAACAGTAGAGA

ATATGA 

CACCAATCAATTAATT

ATT 

ACCAATCAATTCATTA

TT 0,0 

Ots_111084b-619 G T 

TTGTGGAATTACACCTTCAGA

GTTCAAT 

GCCTGTTTGGCTTTCTTAAAC

TGAT 

TCCATGG[AT]AACGG

ACAAT 

TCCATGG[AT]AACTG

ACAAT 0,0 

Ots_111312-435 C T 

CCATGCGCCTTTGAGGAAATT

AA 

TTCATGGTCTTTATCCCCCCT

ACA 

ACTCATACCTAGAGGT

CACAT 

CTCATACCTAGAGATC

ACAT 0,0 

Ots_111681-657 G T 

CTGAGCTTTTTCAACTTACTT

GTTGGA GGCGCAGCAGCAACTG 

TAGCGCAAACCCCGAA

CC CGCAAACACCGAACC 0,0 

Ots_112208-722 C A 

CTGCATGAACGTTAACTCAAA

TAAAAGGT 

AATGAGTTCTACTGACATTGT

ATACTAGAATAAGTATCA TGTGAGGGCGGTCTT ATGTGAGGTCGGTCTT 0,0 

Ots_112301-43 T C GCATGGCTGCCCTAGAACA 

TCAGAACATTTCCTTCAGCTT

CGT CGTCGCATTCAGC CGTCGCGTTCAGC 0,0 

Ots_112419-131 A T 

GTGGGTAATCGATGCCAAAGA

GAT 

TGGCAGTGTTTTCAACTAGCT

TTG AAGCGACTTGATTATC AGCGACATGATTATC 0,0 

Ots_112820-284 C T 

CATAGATGTTTATATGAAAAA

CCTCCCACTGT 

GCATCCAAAAAGACGTGTGTG

TTT 

ACTCACACTCGAGTGA

CT 

ACTCACACTCAAGTGA

CT 0,0 

Ots_112876-371 C A 

GCCTACAGCAAATTCAGCTAC

ACAT 

TGGACCTTCAATCATCACAGC

TT 

CATCACAACGATGTGT

G 

CACATCACAACTATGT

GTG 0,0 

Ots_113242-216 C T 

GAGGCCTAATGTCTCTTGTGA

CT 

GACATCTTCAACAAGTGTTCA

TTCACC 

ATTACCAACGGAGAAC

C TTACCAACAGAGAACC 0,0 

Ots_113457-40R C T CCCAAGTGGTGAGTGTCAGT 

ACTACAACAGGTGTTGATAAT

AGAATCATTCTC 

CCCT[AG]TTCTCCAA

TCCATAT 

CCCT[AG]TTCTCTAA

TCCATATG 0,0 

Ots_115987-325 T G 

GGAGGTGTAGTGAAATGGGAA

GAT 

GCATTCAGTGAACCAGTAGTG

CTAT 

ATGCATAAAAGGTAAT

TGTG 

ATGCATAAAAGGTCAT

TGTG 0,0 

Ots_117242-136 A G 

GTGACAGGAGACAGAAAGAGA

CATT 

TGGTCCTCCCTGTCTCTATCT

ACTA 

CAGCACATAACTTGAC

CTC 

AGCACATAACCTGACC

TC 0,0 

Ots_117259-271 T G 

ACACCCACTTCAACCTCCATA

AC GCCTCAGAGCTTAGCTTGGA 

CTCTCCTGATCACTCT

GT 

CTCTCCTGATCCCTCT

GT 0,0 

Ots_117370-471 G T 

TGCAAACACAGAGGAAAGGGA

TTT 

GTTGGCTCCTTCAATTCAATT

TGGA 

ACGGAACAAATAAGAC

ATTT 

CGGAACAAATAAGCCA

TTT 0,0 

Ots_117432-409 A G 

TCATCAAAACATGCCTCTTCT

GTGT 

TGTTGAACCTGTCACTCTGTC

TTC 

TTTAGACTTTGCTCTA

TAACAG 

ACTTTGCTCCATAACA

G 0,0 
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Ots_118175-479 C T TGCGCGTCTCATTCAACCAT 

ACCTTACGTCCTAGGTAGGAA

ACA 

AGAATGAAGTGAAAAG

AA 

AGAATGAAGTAAAAAG

AA 0,0 

Ots_118205-61 T C CCATACAGCCAGTCCAGGTG ACTGGACAGGGCTGGGT 

TAGTAGCCCCTACACC

TC TAGCCCCTGCACCTC 0,0.4 

Ots_118938-325 C T 

ATTTTCAAACAGGCATTTATC

ATTGGTGAA 

GGTCTGTCCCTCATTCTTTGC

A 

AGAGATGCAAAGTGGA

GTT 

AGAGATGCAAAATGGA

GTT 0,0 

Ots_120950-417 A T CAGACAGGTCACCATCACACT 

TGGTGAAGCTGTAGGAGAAGG

A 

CTGGACCAGAACTCTG

A 

CTGGACCAGATCTCTG

A 0,0 

Ots_122414-56 C T GCACCGTATCAACGAGCTCAT 

TGCATGGATTTCCTTTGTGTT

GTTG 

TGTATGACCTCTGACC

TGT 

TGTATGACCTCTAACC

TGT 0,0 

Ots_123048-521 A C 

CTCAACAGTGCACCTCCCTTA

ATT 

CCAAACACACCCTTCCATAAT

CTCT 

TCACATCCAACTCAGT

ACT CATCCAACGCAGTACT 0,0 

Ots_123921-111 A G 

TCGCTAGGCAGAAATATAGGG

TTCT GAGCATGGCGCTTGCA 

TGCTAAATGGCATATA

TTAT 

CTAAATGGCACATATT

AT 0,0 

Ots_124774-477 T C 

AGTTGTTCTTTTTATATTGTG

TTTTTATTCCATTCCA 

GCCAAATAAAAACAAAGCATG

AACACA CCACCGCCATCTGATA CACCGCCGTCTGATA 0,0 

Ots_126619-400 C T 

GGATGGTTGTCATTTCTCTGC

AAA 

CCGGGATACAATAATAATATT

TGGTTAAGAGTTTTTT 

AGAAAGTTCTAGAAAT

AATT 

AAAGTTCTAGGAATAA

TT 2,0 

Ots_127236-62 T A 

TGGAGAACTTGCACTGAATGT

GAAA 

GCTGTTGGACCTTGACTTTAA

CAAATT 

TCTCTTATCTGAGTTC

TGC 

CTCTTATCTGTGTTCT

GC 0,0 

Ots_127760-569 C T CTGCTGGCGCAGACATG 

CGTTATAGAGGATAGTTTGGA

GGAAGGA CCGGTTTACCGATTTG CGGTTTACCAATTTG 0,0 

Ots_128302-57 C T GGTTGCAGGGCAGAACTGT 

ACCCATCCAATAACCCATTTT

CCTT 

CCTGCAATACGACCAA

C CTGCAATACAACCAAC 0,0 

Ots_128693-461 C T 

TCAATGTTCATCAATGCACTT

CCTGTA 

GCCTGCAGGAGAAGGTAGAGT

TA 

CACTCAGCTGGTACCC

A ACTCAGCTGATACCCA 0,0 

Ots_128757-61R A - 

CGTGTCCGGCTTCTTTTATTT

CATT 

GATGGGTATGTTAATCATATT

ACCAGCGTAA TTGTGCATTTTCCCC TGTGCATTTCCCCC 0,0 

Ots_129144-472 C A 

CTGTTAGTGCAGAAGACGTAG

CT 

GCAGAGCTATTGAGCCAAGTT

ACAA 

TGGGTCTCGAGCCTGT

A 

TGGGTCTCGATCCTGT

A 0,0 

Ots_129170-683 A C 

AACCCTATGGGAACTCGTAGA

ACT 

GCTAGGAGTTCTCAAAAGGGT

TCT 

ATTAGAACTCGTAGAA

CTAT 

ATATTAGAACTCGTAT

AACTAT 0,0 

Ots_129458-451 T C 

TGGGACCCACATAAAGCAACT

G 

GACATAAGACCCATTTAGCCC

CTTTT CATCTGGCAATGCCTT CATCTGGCAGTGCCTT 0,0 

Ots_129870-55 A T 

GCATGTAACACATTATTTGGC

ATATGTACT 

CAGTACACTGGAGATTTGCAA

TGTT 

ATGCATTCACCTGTAT

TAT 

TGCATTCACCAGTATT

AT 0,0 

Ots_130720-99 A G 

CGGTCATTGTAAATGTCAACG

GTTT 

TGCTTGCATGTTCTTGGTGTA

GTAA CCTGTCTCATTCCC CTGTCCCATTCCC 0,0 

Ots_131460-584 T C 

CCTATTTTTGATAGGTCATAG

TGAATGGGATAG 

CTGTACTCCTCCATTCCTTTT

CACT 

CTATCAAAGCAATACA

TTG 

CTATCAAAGCAGTACA

TTG 0,0 

Ots_131802-393 C T 

TGATTGTCTCATGGCCAATTG

TCA 

TGTAAATTCCACTTGGCAATC

TTTGG 

TGTTCGAGAATGAAGA

TGAGTAA 

TCGAGAATGAAGGTGA

GTAA 0,0 

Ots_131906-141 A T GGCTCGAACCACCCAGTTTA TGCCCAACTGGTTTGCAATC 

CACGGTTTACACTCCT

ATTA 

ACGGTTTACACTCCAA

TTA 0,0 

Ots_94857-232R T C GGCACTCTCCCTGGCTAGA 

CCCCATCACTTCTCTGGCTTT

AAAT 

CAGGATAATAACAAAC

AAG 

CAGGATAATAACGAAC

AAG 0,0 

Ots_94903-99R G T 

CCGTCTGAGTAGGAGGATCAA

TACA 

TTTGGATCCAGCTCTCCGTAT

AGA CAAACCAGCAAACAT ACAAACCAGAAAACAT 0,0 

Ots_95442b-204 A T 

GTCTCTCTCTCTTTGCATCAT

TACACT 

GGACTCTTGAGCTGTCTGGCT

ATAT TGGTTCCCCAAATTT 

TGATGGTTCCCCTAAT

TT 0,0 

Ots_96222-525 C T GCTCTTGCCCATCTGTAGGAT 

GGCGCAACATATGTATTAAGC

AACT 

TGTAGCTAATTTTAAG

TTCTC 

AGCTAATTTTAAATTC

TC 0,0 

Ots_96500-180 G T 

GATCATGTCAGATAGGATGCT

GAAAGT 

CAGGTCTGGTCTACATCGAAC

AC 

AAAACAAATCATTTTT

CG 

AAAAACAAATAATTTT

TCG 0,0 

Ots_96899-357R T A 

TCTCCTGAACTAATTTAGACC

TCTGAATGT 

CCTCATATTGCTTTCATCTGA

AGAGAGA 

CTGAATGTTTTTTTTA

ATCTTT 

CTGAATGTTTTTTTTT

ATCTTT 0,0 

Ots_97077-179R G T 

CCTGAACAAATACTTAACGCT

CCAGTT 

GTAATAATACTTCACACCATT

GCCACTTC 

TCACAAATGTATCCTA

AAGC 

CACAAATGTATACTAA

AGC 0,0 

Ots_97660-56 A T 

TTCCCTAATCTGACGTACTAC

CAACT CGCCACTGACGTTCATTCCA ACGAGACAGATATTC ACGAGACTGATATTC 0,0 

Ots_98409-850 C T 

CTGCGTTTCTGGAATGTTTTC

AGT 

CAAACCTGTTACTGGCCAAAT

GAAA TTGTTCACGAACCTTG TTGTTCACAAACCTTG 0,0 

Ots_98683-796 A T 

GCAATGGCATGACAATGGAAG

TC CACTGGCACTGGTGGAGATTA 

CTCAGCCCCTATATTA

CAA 

CTCAGCCCCTATTTTA

CAA 0,0 

Ots_99550-204 C T 

TGACAGATTTCACCTTTAACT

AGCTAAGC 

GCAACCTCTTTCACACTTCAG

TAAC 

AAGGCTTTGGTTGTTT

G 

AAGGCTTTGATTGTTT

G 0,0 

Ots_afmid-196 G C 

CGTGGAGTAGGTGGTTACAGT

TTAT 

CTCGTAACAAGCTACTGTAGT

GTACT 

CAAAGTCAAAGATCCT

ATTAAA 

AAGTCAAAGATCGTAT

TAAA 2,0 

Ots_AldB1-122 C T GCCATGGAGGACTGGATGA 

GCCACCACTACTTGCTGAGAA

AATA 

TGTTGGCGAAGTG[GT

]GT 

TGTTGGTGAAGTG[GT

]GT 0,0 

Ots_aldb-177M T A 

GCGATCAGGTGACGCTAAAAT

GA AGGAAGGTGATGCCTGAGAGA CCAAATTGCTTAACCC CCAAATTGCTTTATCC 0,0 

Ots_AldoB4-183 T A 

TTTGTGCGTAAAGTCAGGTAG

TGT 

GTGCATGCCATGAGAACTTTG

TTT 

CTGTGTGTCTAAGACA

AT 

CTGTGTGTCTATGACA

AT 0,0 

Ots_arp-436 A T 

GCCCTGGAGAAGTACGTTTTA

AACTAA 

GCAACCATGTCAACATTGCAC

ATAA 

CTAGGTGAAACTTTTT

TTAAA 

CTAGGTGAAACTTTTT

AAAAA 0,0 

Ots_AsnRS-60 T C CCGACGCCTCACTGAGT 

TGGTTTTTCAGGTCATGGTTT

CCA TGAGTCCCTGACCAGC AGTCCCCGACCAGC 0,0 

Ots_aspat-196 G C 

CCTGAACAGGTACACACAAAC

GA 

TCCAACTGATGAATATGACCA

ACATGAAT 

CACTCTTTATATCCAC

ACC[GA] 

CAGTCTTTATATCCAC

ACC[GA] 0,0 

Ots_BMP2-SNP1 C T ACTGCCACAGACACGAACTC GCCACTATCCACTCGTTCCA CCCACTTCGCTGAAGT CCCACTTCACTGAAGT 0,0 

Ots_brp16-64 T C ACTCTGGGTCCAGGAGGTTTT CTGACGAGACCATGCACCAA AAGTCAGCATCTTTCA AGTCAGCGTCTTTCA 0,0 

Ots_Cath_D141 T C 

CACTTGTTCTGCACACTACTT

GTC 

CACACATGGATTTTGCCTGTC

TAAA TGGGAAGCAATCAA 

AATTGGGAAGCAGTCA

A 0,2 

Ots_CCR7 C T CTGCTCACCTGCATCAGTGT CCATGGTGGTCTGGACGAT CCACGTAGCGATCG ACCACATAGCGATCG 0,0 

Ots_CD59-2 G A 

TGTTTATCTCTGAGTGAAAAA

GGTGTGT 

CATGTTACCCAGCTAAAAGTC

TATAGCA 

CTAAAATGTCATGTAA

ATAT 

ACTAAAATGTCATATA

AATAT 0,0 

Ots_CD63 A C 

TGCATGTTTTCTAACTGTGTT

TTTGTGT TGAATGCCCCCCATCAACA 

AGATCATGGGAATCAT

AT ATCATGGGCATCATAT 0,0 

Ots_cgo24-22 T C AGGTCCTCTGTCGCACCTA GGAGGCGAGGTCTGGTG 

CCAGATGAACAACTTC

AC 

CCAGATGAGCAACTTC

AC 0,0 

Ots_Chin30up-

211 C T 

GGACAATCGAAGACGAAAATA

TGCA CCTGCCCTGCAGACTTAGG CAGGGTGGGAGAAT CAGGGTGAGAGAAT 0,0 
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Ots_CirpA C T 

GCTGTGATTGTGCTCTAAAGA

CATG 

CTCCCACTTAGCATTCCTACC

TT 

CAGTTCTGTAATGCAT

T 

CAGTTTTGTAATGCAT

T 0,0 

Ots_cox1-241 C T 

CACTGAACTGTAAGCCATTGT

GATT 

GTAAATGTAGTATACAGTATA

GGCATCGTAGGT 

CACTACGGTAAGACCA

T 

CACTACAGTAAGACCA

T 0,0 

Ots_CRB211 A C CAACGCGGGAATGGCTTTTAA 

GCCAGAGTCGCCAAAATAGTA

GAAT CTACCGTACTGAACTC CCGTACGGAACTC 0,0 

Ots_crRAD10447-

25 C T CCGTTGCAGGACTCATCAGT GCGTGGTTCAACAGCAGTG AGCTAGCGCTCCTC AGCTAGTGCTCCTC 0,0 

Ots_crRAD11620-

55 C T 

TGGGATAGAACAGGAGCTTAA

ACA TGTCTTGGTCGCGCAGTT AGAAGCCCAGCTCC AGAAGCTCAGCTCC 0,0 

Ots_crRAD12037-

39 A G TGCAGGAACTTGCTATGCT 

TGTGGAAAAAGTCAAGGGGTC

T CATTCAAAAAGTAT CATTCAGAAAGTAT 0,0.5 

Ots_crRAD12711-

37 C T GCTGTTATAGCGCGGACTCA CCTCCTCAGACCAATTGGCA CAGTTTCCCAAGAC CAGTTTTCCAAGAC 0,0 

Ots_crRAD13725-

51 C A TGCAGGAGGAGGAAGGCA AGAGCTGCCAGGTGGAGT GAGGCCCCAGATTC GAGGCCACAGATTC 0,0 

Ots_crRAD16540-

50 C T TGTGTATTCGTCGACCGGA TCACCTGACCAAAGCACTGG 

ATTAAACGT[CA]TGG

A 

ATTAAATGT[CA]TGG

A 0,0 

Ots_crRAD17527-

58 C T TGCCGCTGGATTTATTGACA GCGTCAGATCAGCTGGTCT TAGCTCCGAGCTAA TAGCTCTGAGCTAA 0,0 

Ots_crRAD18492-

65 C T GCAGGGCGCAAAGTTCTT CAGTGAGCGACTGTAATCTGA TTATGGCTATTATT TTATGGTTATTATT 0,0 

Ots_crRAD18937-

60 G A GGCACAGCGACAGGAGTT TGAGCTGGTGCGTCTGAG CTCCTCAGGTGGGC CTCCTCAAGTGGGC 0,0 

Ots_crRAD20262-

46 A G CCTCTGCTGAGTTTGAGGGG TGAGCAGAGCCTATGAGGACT 

GGTTACA[TC]CCCAA

A 

GGTTACG[TC]CCCAA

A 0,0 

Ots_crRAD20376-

66 G A GGGAGGCAGGCAAAAGGT GGTTCACCACCAGCCTTCT 

GGGA[TA]GGAGTATT

T 

GGGA[TA]GAAGTATT

T 0,0 

Ots_crRAD20887-

70 G A CTGCTTGTAGCCGTTCAGC AGAACACATCTGGCCAGGT GAACTCGTCGTTGG GAACTCATCGTTGG 0,0 

Ots_crRAD21115-

24 C T TGCAGGTGGGACTTAAACACA ACCTGTGGCAACGGTTGA CACACACATGCACG CACACATATGCACG 0,0 

Ots_crRAD22960-

32 C T ATCAGGTCTGGGGCGACA TTCACCTCTGCCATCGCC CGACACCACTTACA CGACACTACTTACA 0,0 

Ots_crRAD23631-

48 G A GCCATATCCCGGGGCTTG TGCCTCTGAGCACTGACTG GGGCTTGGGGGCAT GGGCTTAGGGGCAT 0,0 

Ots_crRAD24807-

74 A T TGCAGGAGAGCAGGGTAGA CGTGCCTAACATCATGTGCA ATGATAATTTGCA ATGATATTTTGCA 0.5,0 

Ots_crRAD25367-

50 T G ACTGCAGGCGTCATGCTT TGGACAAAAGACCACAGGCT GTATATTTAGAATG GTATATGTAGAATG 0,0 

Ots_crRAD255-59 T C TGCAGGAGCTGTGATGGG GTACGGAGCGTCACTGCT AACTGTTCAAACCC AACTGTCCAAACCC 0,0 

Ots_crRAD26081-

28 T G GGGAGAGGGAGACGTGGA TCACCAGCTCCTCCTCCTC TGGAGGTGGAGGAG TGGAGGGGGAGGAG 0,0 

Ots_crRAD26165-

69 C T GGGCCACGGGGTTGTAAA TCCCAGGATGCAATGGGA 

CTCT[GA]CCCCTGGA

C 

CTCT[GA]CTCCTGGA

C 0,0 

Ots_crRAD26541-

47 G A TGCAGGAGAAGCTGACTGAC GCAGCTTTGGAGGGTCGT CTGCTCGACAGAGA CTGCTCAACAGAGA 0,1.7 

Ots_crRAD27164-

55 A T GGAGGCTCTACGTAGGCCT 

ACAATATCTGACACTGACTTG

GTCA AATTTGAATGACCA AATTTGTATGACCA 0,0 

Ots_crRAD27515-

69 T A CAGATGGTGCAGGCCGAA ACTCGTTGTGATTCCAGCCA GCATTTTAAAAATC GCATTTAAAAAATC 0,0 

Ots_crRAD2806-

42 C A GCAGGGGCAGACTGAAGG 

ACTTCATGCCAATCTCACTAA

ACA GTTTGGCATAAAGT GTTTGGAATAAAGT 0,0 

Ots_crRAD28677-

65 C T CTTGCGCGGCAGTTGAAC TGTGTCCTCCGAAACATGACC 

CTTCCGGGTTAAGAGG

A 

CTTCTGGGTTAAGAGG

A 0,0 

Ots_crRAD292-21 C T TGCAGGGTGGAAGAATTCATC TCACAGTCTGACCTGTCGA ATTCATCATTTATG ATTCATTATTTATG 0,0 

Ots_crRAD30341-

48 T A TGCAGGCTGACTTGGGTA TAACCCGGAAGCCAGCTG 

G[AG]CACATTGGTGC

A 

G[AG]CACAATGGTGC

A 1.8,0 

Ots_crRAD33054-

62 A T CGACCATGGCCCCCAATTCAT GTGAGGCTGACCGTGACC CACGGGAATGGACA CACGGGTATGGACA 0,0 

Ots_crRAD33491-

71 C T CAGTTCGCTTCTCCAGGGA TGTGGGTAGCAGACTGACG GAGAGCCGAGCTTT GAGAGCTGAGCTTT 0,0 

Ots_crRAD34397-

33 C G TGCCTAAACACTCCCAAGGT GTTCCGTTTTTGTTCCGCGA 

AA[GA]GTGCCTTCCC

C 

AA[GA]GTGGCTTCCC

C 1,0 

Ots_crRAD35313-

66 A G 

TGCAGGAAGAGTTCAGAGAAA

TCT GCTCGTTGCAGGTAGAAATGT TTTAAGATGTAGTT TTTAAGGTGTAGTT 0,0 

Ots_crRAD36072-

29 T C TGCAGGACCAACTTTCTCAT GGCTGACTGGTGAAGGGG AACCTGTGTGATTT AACCTGCGTGATTT 0,0 

Ots_crRAD36152-

44 C T CAAAGTGCAGGTGCTGGC CCAGCCAGGTGTTGAGCA CTGCCACCCTTTGA CTGCCATCCTTTGA 0,0 

Ots_crRAD3758-

51 T C GGCGACACACACAGGGTT 

TCACAGTAAAGCAGTGAGATT

TCA 

TCT[GA]GTTTACAAT

T 

TCT[GA]GTTCACAAT

T 1.8,0 

Ots_crRAD38095-

29 A T GTGCCGCAACAGAGTGGA CTGCCTTTCCAGGGTGCA GAGTGGAGTCTGAC GAGTGGTGTCTGAC 0,0 

Ots_crRAD38746-

36 T A TGACCCTCCAGCGTGACT ACTCTTCGCTGGCCATGG CGTGACTATGCCAC CGTGACAATGCCAC 0,0 

Ots_crRAD42058-

48 A T AAGCTATGCAGGCGACGG GTGCACAATTGGCCCAGC GAGCCAAGTAAAGC GAGCCATGTAAAGC 0,0 

Ots_crRAD44588-

67 C T CGCAAGTCAGCAGGGTGA TGGGGTTTTAGGCTGGGT 

GTGA[AG]CCAATCAA

T 

GTGA[AG]CTAATCAA

T 0,0 

Ots_crRAD46081-

56 C T GCAGGGTCTGTGTGGGTT ATGAGGACACTCCGCCCA GCACCACTGGACCC GCACCATTGGACCC 0,0 

Ots_crRAD46751-

42 C T 

CAGGAACCTGCTTTAATGCTC

T GCTTCTGCAGGGGGACAA TTTCTACTTAGTAA TTTCTATTTAGTAA 0,0 

Ots_crRAD47297-

55 T C CTCCCTGTTCGCTAGCCG GGACGACCAAAGGTAGAACCC TAGCCGTCACCGAT TAGCCGCCACCGAT 0,0 

Ots_crRAD5061-

27 T C AGATGCAGGAGGCTCTGGA AGGACTGGAGTGTGATAGCAC 

ATTAGGTAT[CT]TTA

A 

ATTAGGCAT[CT]TTA

A 0,0 

Ots_crRAD55475-

26 T G TGCAGGGTTGGGGACAATT 

AGTCTATTTCCCGATTTGACT

GGA CCATTTTAATTCCA CCATTTGAATTCCA 0,0 

Ots_crRAD57520-

66 T G ACAGAGCTGTGTCTACCAGA ACCCTCTCTTGGCCTTGC TTTTTGTTCAAAAG TTTTTGGTCAAAAG 0,0 

Ots_crRAD57537-

24 A C TGCAGGGGGACAAGAGAGA CGCTCATAGCTTGTTCTCCA GAGCCC+ATGAGAAA GAGCCC+CTGAGAAA 0,0 



 33 

Ots_crRAD57687-

34 T G TGCAGGGACGGGGCT TGCTGTTGTCTTGGGTCTCTC ACAAATTAATTAAA ACAAATGAATTAAA 0,0 

Ots_crRAD60614-

46 G T TGCCGTGAGAAACTGGTCA TTTCCTCCTCTCTGCCTCA AAGATGGTATGTAT AAGATGTTATGTAT 0,0 

Ots_crRAD60620-

51 A G CAGGCAGTCACTGAGTCCG TTTGAGCACCGTTTCCGA GTACGGAAAAAACA GTACGGGAAAAACA 0,0 

Ots_crRAD61523-

71 A G GCCAAGTGATCAAGTGCTTGT CCAGCAGTTCAGTTGCGG CAGAGCATGTGCTG CAGAGCGTGTGCTG 0,0 

Ots_crRAD66330-

60 G T 

ACTCTCCCAGAAGGATTCAGA

GA TCCCAAAGCATCCTGCCA AGAGAGGGGTCAAA AGAGAGTGGTCAAA 0,0 

Ots_crRAD69327-

53 G T GCCATTTGACCAACGGAGC 

ACTCATACAGTATTTCCGCCT

GT ATAGGAGAATTGGA ATAGGATAATTGGA 0,0 

Ots_crRAD73823-

60 T A GCAGGAAGCAAAGTTCGGTG AGCAACTCATCGCGTGGT 

GCACGATG[CT]AGAA

C 

GCACGAAG[CT]AGAA

C 0,0 

Ots_crRAD74766-

28 G A GCTGACCACCGACCACAG AGCTCTGCAGTAACAATGGGA 

AGACTGGTAAAAG[AT

] 

AGACTGATAAAAG[AT

] 0,0 

Ots_crRAD75581-

70 A G ACACATGGCTCGTCTGCA GGAGCTCAGGGTGCAGGA GAACTTAAAACACT GAACTTGAAACACT 0,0 

Ots_crRAD76512-

28 A T GCAGGGACAGGGCCCT TGGTGCTGGGTGCTGTAC TAAAAAAATATAAA TAAAAATATATAAA 0,0 

Ots_crRAD78968-

46 C T CCTGCTCTGTGTCTGGGC GTGAAGACGACCCCGGTG 

AG[CA]AATC[CA]CA

CAGC 

AG[CA]AATT[CA]CA

CAGC 0,0 

Ots_crRAD92420-

25 G T 

AGTGCAGGTCTCCAGATTTAC

A 

ACCGAAGTGTATGTAAACTTC

CGA CAATCGGAAGTCGG CAATCGTAAGTCGG 0,0 

Ots_crRAD9615-

69 T C GAATGCAGGGCCAGGGAG ACTCCCAGACCATCCAGCT TATTGGTCAGGGAA TATTGGCCAGGGAA 0,0 

Ots_DDX5-171 C T 

ATGACCAATTGAAGAGTTCTT

CCGT 

CAAAGCCAAACGTCACATTTA

CACT 

TTCATAATTGAACGAT

TTCA 

CATAATTGAACAATTT

CA 0,0 

Ots_E2-275 A G 

GGTGCCACTTTAGTATAGCTG

CTTA CCCTACCCCCTGTGTTCCA CCCCCATATTGCTG CCCCACATTGCTG 0,0 

Ots_EndoRB1-486 G A CCTTTGGGTCTGCTTGAGGTT 

GGAGCCAAATCCTAATGCTGA

AGTA TCCTTCTCACGCTTCT 

CTCCTTCTCATGCTTC

T 0,0 

Ots_EP-529 A G GCCCTGCCTGCAACTTC 

GAAACCAACGTCTTGATGTAG

ACCTA CAGTGTCATTTTCGGC 

ATCAGTGTCATCTTCG

GC 0,0 

Ots_Est1363 A T 

GGTGATTTTGCCACAGAGTAG

AGAT 

AGTGTTAAATGTAACTTGCAT

ATACAGGCAAT 

CCATCCTGTCTTGTCT

G CATCCTGTCATGTCTG 0,0 

Ots_Est740 T C 

GGACTCGTGCTTGAGGAAGAT

G TGCATGGCTCCAACTCCTT 

TCTGGATGGAACCGTT

AG 

CTGGATGGAGCCGTTA

G 0,0 

Ots_ETIF1A A C 

TCTGAACTCACCAAAGGAACA

CTTG 

GAGAGAAAAGGAGAAATGATT

GCCATT 

CAACTGAAGAAAATAA

TATG 

CTGAAGAAAAGAATAT

G 0,0 

Ots_FARSLA-220 G A 

GTTCGTGGGATTGTTCAATGT

TCAT 

CTTGGACAGGCTCACATTACC

ATA CCTTGGATGGGATGTG CCTTGGATAGGATGTG 0,0 

Ots_FGF6A G T 

TCAAAAATGTCTATCCAACAA

ATACTCTGAAAAATATTG CTTGTGCGCACCTTGCA 

CACGATTAGCAATGAA

CAA 

CACGATTAGCAATTAA

CAA 0,0 

Ots_FGF6B_1 A C 

GAGACAAAGGTTTGCAGGTTC

ATG 

GGGAGCCATGCACTAATATAT

TGGA 

CCTGTTATCAGACCCA

AAT 

CTGTTATCAGCCCCAA

AT 0,0 

Ots_GCSH C T 

GTTCTTTTTAATGATGACTAC

AGGTCTTTCAC 

GCTACTTTACATAATACCATT

TGAGCTGAGA TATCTGGGCGGGCTG CTATCTGGACGGGCTG 0,0 

Ots_GDH-81x C - 

CTTTTCTGAATTAGTGCTGTG

CTTGT 

CCAACTTCTTCAACTCTGTCA

GTGA TGTTACGGGACATACT 

TCTGTTACGGACATAC

T 0,0 

Ots_GH2 A T GCGTACTGAGCCTGGATGACA 

CCCCCAGGTTCTGGTAGTAGT

TC 

TGACTCTCAGCA[TA]

CTG 

TGACTCTCTGCA[TA]

CTG 1.8,0 

Ots_GnRH-271 C T 

CAGATGAAAAATAAATAATTG

GGCCATTAGGAA 

CAGAGAGACTGAGACCATATG

ATGTAGT 

CAATGAATACAATATC

TAACCTAAT 

AATGAATACAATATCT

AATCTAAT 0,0 

Ots_GPDH-338 G A 

CACTAAATATTCCTTATCATT

TCATACTAAGTCTGAAGAA 

AGCTGATACACAATCAAAACA

CAAAACAT 

CCACTACTTAACGTGC

TTT 

CCACTACTTAACATGC

TTT 1.7,0 

Ots_GPH-318 C T 

GGTGATAACAGGTGTTGCACC

AA TCAGGTGGTGGTGGACAAC 

ATCAAGCTGACGAACC

A CAAGCTGACAAACCA 0,0 

Ots_GST-207 G A 

GGAGAACATGCATCACCATTC

AAG 

TCAGCAAACGAAGGCTATGTA

GAAT 

ATGAGAGAGTCTTTCT

CTGTT 

ATGAGAGAGTCTTTTT

CTGTT 0,0 

Ots_GST-375 C T CAGCCCGTCCCAAAATCAAG 

CAGGAATATCACTGTTTGCCA

TTGC 

TTTCTTGTAGGCGTCA

GAG 

TCTTGTAGGCATCAGA

G 0,0 

Ots_GTH2B-550 C G 

CACAGGAAGGACGTGTTTTGA

TG 

CACAGGAAGGACGTGTTTTGA

TG 

ATAACATCTGCAGCAT

TAA 

ATAACATGTGCAGCAT

TAA 0,0 

Ots_HFABP-34 C T 

CAAGAACACCGAGATCTCCTT

CA TCGGCGGTGGTCTCG 

TCGAACTCCGCTCCTA

G 

TCGAACTCCACTCCTA

G 0,0 

Ots_HMGB1-73 G T 

TGCTTCAGTGAAAATAAGCGT

GAGA 

GTCGAGCGGTATGAATACTTT

CTGA 

ACTGTATATGTTACGT

TTTC 

ACTGTATATGTTAAGT

TTTC 0,0 

Ots_hnRNPL-533 A T 

TCTTTGATATTGAGCTCATAA

AAGCAAGGT 

TCCTTGTTCATCCATCAGGCA

TAAAA 

CATTTACCAGTTCTCA

CACAC 

TTTACCAGTTCACACA

CAC 0,0 

Ots_hsc71-3'-

488 C T 

TGCATCCATTCATACCTGACC

AATT 

TTTGGTTAGGCACACGATAAT

TTGC 

TTTCCAATGGTATAGA

TATGA 

TTTCCAATGATATAGA

TATGA 0,0 

Ots_hsc71-5'-

453 C T 

TTGAGAACATGTGGTAATTAA

CTACAATGACTAA GTACGAAGTTGCGCCTTGTC GCCTGAGGTGGCAAA GCCTGAGGTGACAAA 0,0 

Ots_hsp27b-150 G A 

TAGGAGTTGGAAAGACTGCAC

A CCCATTGGTTCTTTGGTGTT 

[CT]GATCTGGACCAG

GCT 

[CT]GATTTGGACCAG

GCT 0,0 

Ots_Hsp90a G C 

ACAGTATACCGGCTGCCTATT

CATA 

GTCGTTTTTCATAGAAAATAG

CTCACAGTT 

ATTTGACTTGTCTTTT

T 

ATTTGACTTGTGTTTT

T 0,0 

Ots_HSP90B-100 C T 

CACCTTAGTTCCACGCAACAT

G 

CTGCGTGTATTGTAGTGGTGA

CA 

TCTATGGTGTGATTCA

TT 

TTCTATGGTGTAATTC

ATT 0,0 

Ots_IGF-I.1-76 A T 

GGTAGGCCGTCAGTGTAAAAT

AAGT 

GATGGAGGCCACTGTGTTCTT

A 

CTGCCTAGTTAAATAA

AATA 

CTGCCTAGTTAAATTA

AATA 0,0 

Ots_Ikaros-250 G A GAGGCTGACTTGGACTTTGC GGCCTGTCAGCCAAGGA 

ACAGAAGATTTTCGGC

TGC 

ACAGAAGATTTTCGAC

TGC 0,0 

Ots_IL11 T C CCTCCAGATGAGACCCACTCT 

CAAAATGGTGCTCAAACGACT

TCA AGCTCCATGCGGACT AGCTCCACGCGGACT 0,0 

Ots_IL8R_C8 C T CGTGGTGTTCGCCTTCCT TGTCGGCCATCACTGTCATG CTGGACGCCGTTACA TGGACGCCATTACA 0.7,0 

Ots_IsoT T C 

GACTCAGGTAAGGAAACATCA

ATGTCA 

GAAAGCAAAGCATTTTATCCA

CCACTA AACCAGTAGAATAACC CAGTGGAATAACC 0,0 

Ots_LEI-292 G A CACCTGAACCTCCACTGTGT 

GCTGCTGACCTATGAGAAAAT

TGTG CATCATGTCAGGCCTG ATCATGTCAAGCCTG 0,0 

Ots_LWSop-638 T C 

CAATTACTCTTTCTCAGCCCT

GTGT 

GCGGTAAGATGCAGTTTTACA

TGGA 

TTTAACAAGAAAATTA

TACATTTC 

CAAGAAAGTTATACAT

TTC 0,0 

Ots_mapK-3'-309 T G CGTGACCCTTGTAACTGAAAA GGCCACTGTCATAGAATTAGG ATGCTATTAAATGAAT ATGCTATTAAATGACT 0,0 
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GC CATT ATTC ATTC 

Ots_mapKpr-151 A T TGTTGTCTCGGACTGCATGAC 

GAAGGCACAGAGATGAAGGAC

AT 

CGTATGTGCAATGCAT

G 

CGTATGTGCATTGCAT

G 0,0 

Ots_MetA T A 

GATCATTTATCAAGACTATAG

GCTATGGATACG 

AGTTGAGTTAAGTAATTGGTA

ATTAGCCTGTT CCTTAAGCATATTTCT CCTTAAGCGTATTTCT 1.8,0 

Ots_MHC1 G A 

GTCCACATTCTCCAGTACATG

TATGG 

CAAACCCCTCTGTCTGTTCAG

T 

CATCATCCCGTGAGCA

G 

TCATCATCCCATGAGC

AG 0,1.8 

Ots_MHC2 T G GTCCTCAGCTGGGTCAAGAG GTAGTGGAGAGCAGCGTTAGG CTGGAGCGTTTCTGTA CTGGAGCGTGTCTGTA 0.5,0 

Ots_mybp-85 C T 

CAAGGGATGTGACAAATTAAT

CAAACACATAA 

AAGAGGTCTAATAAATCTCCA

ATGTAAAAACGT AGAGCATGTAGTTTTG AGCATGTAATTTTG 0,0 

Ots_Myc-366 T C 

CCTTAGCTGCTCTTTGAAGTT

GACT 

GGCTATAGAGTGTATTTACAG

CATGCA TCTCTGCTCATCTGTC CTCTGCTCGTCTGTC 0,0 

Ots_myo1a-384 A C CTCCCCCCTGGACTTTGG GCTCTATTGCACCGTGTTCTG 

ACAGATCCATCCACCA

CT AGATCCAGCCACCACT 0,0 

Ots_myoD-364 T G 

GTGTGTGTGTGTGTGTGTCAT

CGT 

TTTACACATATACAAAAATGG

TCCTCTATTGTCAT 

TCATCTTTTGTTATTT

CCTTG 

ATCTTTTGTTCTTTCC

TTG 0.7,0 

Ots_NAML12-SNP1 A G 

TGCCACCTCAGTTTTAGTGTT

ATATCC AGCGCCAACCTGTCACT 

AAACCATTTTCATTCT

TTTG 

CCATTTTCACTCTTTT

G 0,0 

Ots_nelfd-163 A G 

CTCACTGCAAATCCAACTTCA

TCAT 

CCACTACATCCTCATCCAAGG

TT ACCCACCAGTGTCATT CCACCAGCGTCATT 0,0 

Ots_NFYB-147 C T 

CCGTCCACAGCACAAGACTAT

AATA 

CAGATGATAGCTTCAGTAAGT

GGTTCA 

TGTTCCAATGTAAAAT

GTATGC 

TTCCAATGTAAAATAT

ATGC 0,0 

Ots_nkef-192 C T 

CATTTAGCAGACACTCTTATC

TTAGTGTCA 

CGAATGTCCACCTCAGATGTT

ACAA AATAGGCCGACATCAA 

AAATAGGCCAACATCA

A 0,0 

Ots_NOD1 C G GTGCTGCAGGAACCATGTG 

CTGTGTGGACTGCTGTCTAAG

G CCAACGGCGACTTG CCAACGCCGACTTG 0,0 

Ots_nramp-321 G A 

GGCCATCTTTCAGGACGTACA

G 

GCATGCTCTGCAATACGTTGA

G 

AAC[GT]GGCATGAAC

GACTT 

AAC[GT]GGCATGAAT

GACTT 0,0 

Ots_ntl-255 T A 

TGCAGTTACAAGCCTAAGACA

ATCT 

CAACTAAAGTAACACACCAGC

AACTG 

ATTCTTCCTC[TC]AC

AATTG 

ATACTTCCTC[TC]AC

AATTG 0,0 

Ots_Ostm1 C G CCAGCCCCGTAACACACAT 

GAGAGGAAGCAGAAAGGTCGT

TTAA 

CCGTGGTATTGTTTCA

A 

CCGTGGTATTCTTTCA

A 0,0 

Ots_OTALDBINT1-

SNP1 T C CGCTGGGCATGGATGAGT GGCCAACACTGCTACTTCCT 

CTACTGTTGTATTTTC

TC CTGTTGTGTTTTCTC 0,0 

Ots_OTDESMIN19-

SNP1 C A 

GGTCTGTCTGTCTGTCTATCT

GTCAATG 

TGTGTGTCTTTGTTCATTCCT

ACCA CCAGTCATGGGTCATT 

TCCAGTCATTGGTCAT

T 0,0 

Ots_Ots311-101x A - 

AAATGAGGCCGTCCTTTACAC

T 

GCAATACAAGCCCTTGATAAT

GAAGT 

CTGAGATCACTTTGAG

CAC 

ACTGAGATCACTGAGC

AC 0,0 

Ots_OTSMTA-SNP1 C T 

GCCGAAAAATAAGCGATTAGT

GATGA 

GCCCCATGGTAAACCTAATTA

ACCT 

AATTGCCTCATTGGGT

G 

AATTGCCTCATTAGGT

G 0,0 

Ots_OTSTF1-SNP1 G T 

CGGACAAAGAGCTACAGAAAT

GC CGTCCCTCTTCACGCATGA CCGCCACCTTGGCT CGCCACATTGGCT 0,0 

Ots_P450-288 A G 

ATGTCAATATATTTCACTATA

ATGATTGGAAGCCA 

CACTGAACTCGAAGCTGTTAG

GA 

CTATAAAGTTGGACAG

TTGG AAAGTTGGGCAGTTGG 0,0 

Ots_P450 T A 

TGAGCGAGATTTATCAAACTG

TCAAAGA CCCAAGCGGGAGAACTTACAG CCCCGAAGTACTTTT CCCGAAGAACTTTT 0,0 

Ots_P53 G A GGAACTTCCTCTCCCGTTCTG GCACACACACGCACCTCAA CTGGGTCGGCGCT TGGGTCGACGCTC 0,0 

Ots_parp3-286 A G 

AGTCAGTGTTGGTGTAGTGAA

GAGA 

CATTTGTGGAGTGTTTATTGA

ACAGTAACA 

AGTTACAAGTGGTGTT

TCA ACAAGTGGCGTTTCA 0,0 

Ots_PEMT C T 

AGAGCATTCAATTTAAAAGCT

GAAAACGA 

CTTTGATCCCTGCTTGCAGTA

TTTT 

TGC[AT]TTGCTAAGA

CTTG 

TGC[AT]TTGTTAAGA

CTTG 0,0 

Ots_PGK-54 T A 

CTCATACTTTGTACCTGTGTG

TTCCA CGACCCAAGTGGCTCATCAG CCACCATCAAGCACTG CCACCATCATGCACTG 0,0 

Ots_pigh-105 A - 

GCATTACTAAAAACTGGTGTG

TGGAA 

GCATTACTAAAAACTGGTGTG

TGGAA 

TGACCTGAAAATA[TC

]ATATTTTT 

ACCTGAAAATA[TC]A

TTTTTTT 0,0 

Ots_pop5-96 T C 

CTCTTGCTACTTGCAGTGTAT

CTCA 

AGTTTGAGGGCTCTATTCTGT

CATG 

TTCTGTTACTGGACTG

ATG 

CTGTTACTGGGCTGAT

G 0,0 

Ots_ppie-245 C A 

TGTTTTTGGTCATGTATTTTC

TCTGCTATTTTT GGACTGGAGCTGCTGAACATA 

ATGTCTGAAATGAAAG

CC 

AATGTCTGAAATTAAA

GCC 0,0 

Ots_Prl2 A G 

CCTGGTCTGTTTGTGATCAAG

ATG 

GGTTAACTCAAATAGAACATA

CTCTGACACA 

ATGTATTGTTCATTTA

ATG 

TGTATTGTTCGTTTAA

TG 0,0 

Ots_RAD4543-52 T C 

TCTTTGGACTGTGTATACCAG

GTGTA GCCAGATGCTGTGTGTGTTT 

TACATATGACTAATGA

AA 

TACATACGACTAATGA

AA 0,0 

Ots_RAG3 C T 

CATTTCCACGAAAAGCCAGAT

GAC 

ACAGAATAAAGTATCTTCCTC

TTACATCACTACTAAT 

CTCTACAGTATGAACT

ATG 

CTCTACAATATGAACT

ATG 0,0 

Ots_RAS1 C T 

TCATAAACATGGTGTCTTTCA

GTCAGTT 

CTGACATGTGAAACTACTAAA

GCATTTAATCAC 

CAATCTATCATCGACC

AGC 

CAATCTATCATCAACC

AGC 0,0 

Ots_redd1-187 A G 

TTCTGGGTTGCCATACTCTTT

CAAT 

AGTTGAGACCTTCAGTTCTTA

GGGTAT 

ATTCTGACAGCTGTTT

TG CTGACAGCCGTTTTG 0,0 

Ots_RFC2-558 A - 

AAGGTCTACTCCGGTTGTATT

CGGT 

CAATACGACAGTACCGGTGTT

AAACT 

TGCATGTAACAAATAA

CAT 

TGCATGTAACATAACA

T 0,0 

Ots_S7-1 T C 

TGCCATCATAAACAACCTAAC

AAGTAACT 

CCTGGTTTAAAAACGGCCAAC

TG 

TACAGGAGATAAGGTC

GCA 

CAGGAGATAGGGTCGC

A 0,0 

Ots_SClkF2R2-

135 A T 

CCAAATACAGACCAGCTACTT

GTGT 

CTTCAAGTCCCTGAATAATGG

TACGT 

ATTCAAAGTCAAATTT

T 

ATTCAAAGTCTAATTT

T 0,0 

Ots_sept9-78 G A 

GTCGATTACCGTTAGCTTCAT

CCT 

ATTTCTCCTGTGTCTCTCTCT

GTCT 

CTCTTCGATGTCTAGA

CA 

CTCTTCAATGTCTAGA

CA 0,0 

Ots_SERPC1-209 A T 

CTAAGTTCTTCCTGCCTAATG

TGGAT 

CCAAGATTGAGACTTACTATA

CATTTACAAGTACA CATTCAGCTTTTTTTC ATTCAGCATTTTTTC 0,0 

Ots_SL A G 

AATATTGGCTTTCTGAGAATG

CATTTGG 

CCAAGATACTTCCTTTAACTT

CTCTGTCA 

TCAAAGATATGATTCA

ATTAA 

AAGATATGGTTCAATT

AA 0,0 

Ots_slc7a2-71 G T CCATTCCCATCGGCATCGT GCAGCAGACACACCGAAGTA 

GTCTCTGACGGTGTGC

TTTC 

GTCTCTGACTGTGTGC

TTTC 0,0 

Ots_stk6-516 C A 

TGTGTTTAGGATTGAACTGAC

CATGTT 

GTAAACTCCACCTGCAAGAAG

GA AACATAACGGACTCCC 

TAGAACATAACTGACT

CCC 0,0 

Ots_SWS1op-182 T A 

TCAAAGACATCGAACACAAGA

ACGA 

GCAGGTAAATTCAAACGTCAT

CATAAGAA 

ATGTACTTTAACGATT

CATTT 

ATGTACTTTAACGTTT

CATTT 0,0 

Ots_TAPBP C T 

TTTCTCATCCTTCTCTCTTCC

AGTCT GGACAAACCAGCACTCCAGAA CAGCTGTCCAGTTCTG CAGTTGTCCAGTTCTG 0,0 

Ots_TCTA-58 C T 

ACCAGTACCTAAACGTTAGAA

AGCAA 

CGTTAGTTAGCTATGTCTGAA

AGGCA 

CTGCCATGAAGTGCTA

G TGCCATGAAATGCTAG 0,0 

Ots_TGFB C T 

GCCTCACATTTTACTGATGTC

ACTTC 

GAGCAGATCTCTTCAGTAGTG

GTTT 

AGCCTAGCTCTCGGAA

G 

AGCCTAGTTCTCGGAA

G 0,0 
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Ots_Thio T C 

TTTTAAAAATGGAGATAAACT

CCTGACCTGAA 

AATACCAAACCATGCCACTAA

TACCT 

CAGTGTATTAGTCATT

CTTA 

CAGTGTATTAGTCGTT

CTTA 0,0 

Ots_TLR3 C T TGCACCTGCGAGAGCAT CTGGCGTTTGTTCCGTTCAG 

CTGTGGTTTGTGGCGT

G 

CTGTGGTTTGTAGCGT

G 0,0 

Ots_TNF C T 

CCAAATCCTCATCCCACACAC

T CCGTTGCACTTGACCCTAAAC 

CTGGCTGTAAACGAAG

A TGGCTGTAAACAAAGA 2,0 

Ots_Tnsf A G 

GCCAATACGGGTTCTGAACTG

T 

CGGAATAGTCATAGTAGGGCT

CGTT TGCTCCAGATCTC TGCTCCAGGTCTC 0,0 

Ots_tpx2-125 C T 

TGTTGTAATCTTTCTGAATAT

TTGCTTGCTT 

TCTTCCAAATTGAGCACAAAA

GCAT CAGGCGGTTCTCC CAGGCAGTTCTCC 0,0 

Ots_trnau1ap-86 G T 

GGACAAGTTGAAACAGATCAG

GAAGT 

GCCACTGGATACCATCACTTC

AAA AATCCCTCCTTTTTCC TCCCTCATTTTTCC 0,0 

Ots_txnip-321 T C 

CCTTCAAACTAACACATCATA

GACATGCTT 

TTATCAAACTGAAGGCGGATT

TACTGA TCTGGCGGATTTACA CTGGCGGGTTTACA 0,0 

Ots_u07-07.161 C T 

GTCAACAAATGCAGGTAACAT

AAATGGT 

GATGCAAACACCTGTGAAATT

GTGA 

ATCAGTGACATAAGTT

GTCCA 

TCAGTGACATAAATTG

TCCA 0,0 

Ots_u07-17.135 A G 

CTCGCCTCTGTCATTGTATTA

CCTT 

TGACACACGAGCCATTTTGAT

GAT 

AAAATGTACCACATAC

TTGT 

AAATGTACCACATACT

CGT 0,0 

Ots_u07-17.373 A - TTGCCCATTCACCATCGGAAT TTGCCCATTCACCATCGGAAT 

ACACATACACATTTGA

ATG 

CACATACACATTGAAT

G 0,0 

Ots_u07-18.378 A T 

GGAAACCAGCTAGGATTCAGG

AA 

CGTTATATGGTTTGCTTGTTT

GCGATA 

ATATGGTATGTAGAGG

CTAGTTA 

TATGTAGAGGCAAGTT

A 0,0 

Ots_u07-19.260 C T 

GGATGTAGAGTGAAATCACCT

TCGA 

GCAGACTGACTGGTTTAGTTT

AACG 

CTTTAGACTGGTGGAC

TC 

CTTTAGACTAGTGGAC

TC 0,0 

Ots_u07-20.332 A C 

CGCGAGTTAGCTCGAATATTA

TGATTTC 

TCAAGCTAGCATAGCAACTTC

ATCAA 

ACCATTTGATATAACT

GCGTTAG 

CATTTGATATAACGGC

GTTAG 0,0 

Ots_u07-25.325 T C 

AGACAATCATGGTGTTTTGAG

TCTTTCT GCCTAGGCTTGATGGAGTCA CCGCTTGAAAGTTTGA CGCTTGAAGGTTTGA 0,0 

Ots_u07-49.290 G A 

GCTGAGGAAGGATTCTGTATT

TGCT TCGGACAGAGCGCATCC CTTTCCCCGTGTTGGT 

ACTTTCCCTGTGTTGG

T 0,0 

Ots_u07-53.133 C T 

AGCTAGGCTGTAAATGCAAGG

AT 

CAGTGCTTTCAATTCATGCTG

TCAA 

TAACACATGTTGGAGG

TC 

AACACATGTTAGAGGT

C 0,0 

Ots_u07-57.120 A T 

GGTTTGAGCCAATCAGTTGTG

TT 

CGGTCTAATGTCCATTGCTCA

TGTT 

GTGACAAGGTAGGGGT

TG 

GTGACATGGTAGGGGT

TG 0,0 

Ots_u07-64.221 G C 

GAGGATGACACTGTCCGTTTG

T 

CACAGTCCTTCGTATTCACCT

TGAT 

ATCGACCCTGTCATTA

G CGACCCTGTGATTAG 0,0 

Ots_u1002-75 T C CCGCCTTTCCCACCTTCTC 

TCAAACGAGAACACACTAAGG

TTGT 

ATGGCCCTTACACTAT

C TGGCCCTTACGCTATC 0,0 

Ots_u1004-117 C T 

GGGACCACATAGAAAACATCT

GTCT 

GGTGACAGTGACTGTTTCATT

GG AGCCATGGTGGATTT CAGCCATAGTGGATTT 0,0 

Ots_u1006-171 C T 

GGCAGGTAAGTGGAACGTTTT

AGAT 

CTCGCAAATATTTTTTTTGTT

CTTGGTTCA 

CAGGAATATACTAATG

ATATAAA 

TCAGGAATATACTAAT

AATATAAA 0,0 

Ots_u1007-124 A G 

CGAAATAAGGGCCTGGTGTTT

AAAA TGTACCAGGTGGAAGCTTTGG 

TGTCCTGTCCTCAGAT

CA TCCTGTCCCCAGATCA 0,0 

Ots_u1008-108 T A 

GGATGACTCCTACTAATAGAC

GGATGT 

AGGACAGGAAAGAAGCAGCAA

ATA 

TTGGTAAACCTGTTTA

TTGGTA 

TGGTAAACCTGTTTTT

TGGTA 0,0 

Ots_u202-161 T A 

CACTTTTGACTTTACATGGAA

CTTAACTCAT 

GGGACTTCACTTTCTACAAAC

ATGTCA 

AGCTAGTGCTTAGCAG

CTA[AC] 

AGCTAGTGCATAGCAG

CTA[AC] 1.5,0 

Ots_u211-85 C T 

TGGTGAGAGCAGCTTTAAATG

TCTT 

ACCCATTCTTCTGTCTGGTTT

AAGC 

TCCCAAAGTCGAGTGT

G CCCAAAGTCAAGTGTG 0,0 

Ots_U212-158 G A 

CCCCATATGAGACGCTACAGT

AATG 

CAAATGCCCTCTAAGCAGACC

TT CTGGAAGAAGGCCTC CTGGAAAAAGGCCTC 1.5,0 

Ots_U2305-63 T - 

CCAGGTCGTCTTTATTGCAGA

TTATCA 

TGTCATCTCTATTGCAATCTC

AGTAGATTTCTAT 

AATGTCATATAGAAAT

CTAC 

AATGTCATAGAAATCT

ACTG 2,0 

Ots_U2362-227 A T TCGTGGATTGTGGCTTACGT 

GGGTGTTTAACAAGTAGTCCC

TTCA 

AAGAAGCATTTTTT[G

T][GT] AAGAAGCATTTATTTT 0,0 

Ots_U2362-330 A G 

AATGGGTAACAAAGAAATAGC

TAGCTACTT 

GACAGACCACAGTGAAGGTGA

AA 

ACTGGGAAGATTGTTT

G CTGGGAAGACTGTTTG 0,0 

Ots_U2446-123 C A 

CTGGTCTGTGACGTCAAAATG

ATG AGCTAGACCAGGCCATTTGAG 

CTGCAACTCGACGCAA

G 

ACTGCAACTCTACGCA

AG 0,0 

Ots_U2567-104 G A 

CATAGTATAGTGATTCGAGTC

TGGAGTCT 

CGGGCTTTCTTAGGATATTTT

CCTGA GAGACTGTTGAGAC GAGACTATTGAGAC 0,0 

Ots_u4-92 T C 

ATCCAAGGAGCCCCATTAAAG

ATTT 

CGTACCAGAGTTGTAGAAGCA

TCT 

CTGTGTTGAATTTAAC

ATAAT 

TCTGTGTTGAATTTAA

CGTAAT 0,0 

Ots_U5049-250 G T 

CAATGTCTAAAGTAATGGTGG

TATTCTTGC 

TCTTTGACACACCATCTGCCA

ATT 

TGGAATGGGTAAGGTG

TA 

TGGAATGTGTAAGGTG

TA 0,0 

Ots_U5121-34 A G CCAGAGGTTAGATGGCCCTTT 

CTGAGCCAGAACCACAAATTG

AATT 

AGGGTCTCATGCTCCC

T 

AGGGTCTCGTGCTCCC

T 0,0 

Ots_u6-75 C T 

GAAAAAGTAAAGTAAAAGTAA

AGTATTATACCACTAAAGACA

AT 

GATCCACACTGTTGGTCTACT

ACAA 

TTAGTCAACTGTTGTT

TTT 

TTAGTCAACTGTTATT

TTT 0,0 

Ots_unk1104-38 C T 

TAACCATGACTTCTATCAATC

ACCCC 

CCTCCATACATCGTCAAAGCT

GTA 

CCACTAAGGATTACGT

TACG 

CACTAAGGATTACATT

ACG 0,0 

Ots_unk1832-39 C T 

GAAACGTCTATGCTGTCCCCT

TTAA 

CTGCAGTATTAGCTCTAGTTG

AATCCA CACCACTAGAACTCTC CACCACTAAAACTCTC 0,0 

Ots_unk3513-49 C T 

TTTGAGTGAGTCACTGCACCA

A CAGCTCCACAGTGTCACCAT AGTGCGAAGAACC AGTGCAAAGAACC 0,0 

Ots_unk526 A G 

TCAAGACTGTGCTGTAGTTGT

CTAC CCTCCCCCTTTTCCACATCAG 

CAACATTCCAGTCTGA

AAC CATTCCAGCCTGAAAC 0,0 

Ots_unk7936-50 C G 

ATGGGTTGGGATTATGGTTCA

TTGT 

CAAAATGGTTACTTGCATAGT

CTTTTGT 

AGACATGTAGCTATGT

AGGTAA 

AGACATGTAGCTATCT

AGGTAA 0,0 

Ots_unk9480-51 G C 

CAAATCAGAACAAAACCTCCC

ACAA 

GGAAGTCTGTCTGAATGGTTG

TCTT CTCCCACAAACCC TCCCAGAAACCC 0,0 

Ots_USMG5-67 C T GGGCAATGGTGGCTATGCT 

CGTATGTTGTTCTGTCCACAG

TGT 

TCTTGCTCACGTATGC

A CTTGCTCACATATGCA 0,0 

Ots_vatf-251 G - 

CTTTTCGGGTTATTCATGCTG

TTGT 

GCAAGCATTTGAAAAACAGAC

TGGAT 

AGACCACAAGATACAG

TACC 

AGACCACAAGATAGTA

CC 0,0 

Ots_zn593-346 A T 

CTACGCGAGAAATAACACTTT

TCAAAACT 

GGCGAGTTTATTACGGTGTTA

TGAC 

TCTTGCAATCATTTTT

AAC 

CTTGCAATCATATTTA

AC 0,0 

Ots_zP3b-215 G T 

TGCTGAGGACCATCTGCAATT

C 

AGGTCCATGAATAACTGAAAA

TGTACAAGT 

CCAAATATCCTACCCG

TGATG 

CAAATATCCTACCAGT

GATG 0,0 

Ots_ZR-575 G A 

GCCTACCAGAAAGTACCAATT

GTGA 

ACTTTTCACTGTCCTATTACA

ATTAGTATTTGTGATAT 

CC[GA]ACACAATTTT

GT 

CC[GA]ACATAATTTT

GT 0,0 

Ots_SEXY3-1 X Y GGTCTTGCAGTCAGGAGAGG CCAGGTGGTGAAGGTAGGAA NA TCAGCGAAGTGGAGAT NA 
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O. kisutch GT-seq panel (258 loci) 

        

Assay: A1: A2: FWD: REV: A1-Probe: A2-Probe: 

Allele 

Corrections: 

Oki_100771-83 C T 

ACAAAAGGTTTAAAGCCGTGT

TCA TTCGGAATGAATACACCCCTG ACCAGAGCCAGGGG ACCAGAGTCAGGGG 0,0 

Oki_100884-210 C A CGGCCAACACGCAATCTTAT TGGAGAATCTGGTCTTCCGC GC.TGTCCCGATGT GC.TGTCACGATGT 0,0 

Oki_100974-293 T G TGGTGGTTATGTGAACGGGG TTACCCGCCTCCACAAAGTC GAAAAATTTGACTT GAAAAATGTGACTT 0,0 

Oki_101419-103 C A CCCAATTGGAGACCAGGGTT 

TCATTCAGACAGTTGGGAGAC

A CTACTTGCCTGTCT CTACTTGACTGTCT 0,0 

Oki_101770-525 C A GCACTCCTCTGCACTCTGTT ACAGGGCCCTCTTCCTTAGT ATTAAGTCATGTGT ATTAAGTAATGTGT 0,0 

Oki_102195-92 A G ACACTTGATTACCACTGCGT TGCACTGTTGACAATGTGCA AAACATGAGGAAAA AAACATGGGGAAAA 0,0 

Oki_102213-604 C T CTGTGTCGTAACAGGTAAGGA ACACAGCAGGTAAGGAGAAGT AGGAAAGCATTTTC AGGAAAGTATTTTC 0,0 

Oki_102267-166 A T GACAGCCACGCAACAAGTTT AAGTAACTTGTGCTAGCGGC ATGTGGAAGCCGCT ATGTGGATGCCGCT 0,0 

Oki_102457-67 C A TTCAAAGTGGCCAATGCTTG GGAGGCCCTACCAAGACATT AAAGGTTCAAGTAA AAAGGTTAAAGTAA 0,0 

Oki_102801-511 C T GCTCCTGGGGCTTTTCGTTA TCGCTGTCAGGGTACTCTGT GACGCCCCTGGGTG GACGCCCTTGGGTG 0,0 

Oki_103271-161 A G 

AGACAACTAAGCAACCTCTGA

GA TCATCCAGCGCTTGCAAATG AGTTATGACAGATT AGTTATGGCAGATT 0,0 

Oki_103577-70 A T AGCGAGAGGGCCTACAGTTA 

CACATGAAGAATTTCCCTCCA

CA ATGTGAAATGTGGA ATGTGAATTGTGGA 0,0 

Oki_103713-182 A G CACCAAGGCAGAGAGCTCTC TTGTGGCACCAATCTACTGT TGAAATGAAGATAC TGAAATGGAGATAC 0,0 

Oki_104515-99 T G TCCAGCCAGTCCATTCAGAC 

AGCTGAAAGTGAACGAATTAC

GC CAGACTTTGGGCTG CAGACTTGGGGCTG 0,0 

Oki_104519-45 C T TGAGAAAGAGGTGTGAGCGA CCCAAATAGGAGGGGCTGTG TTGATGACGCCGCT TTGATGATGCCGCT 0,0 

Oki_105105-245 T G GCGTATCAAGCATCAACGCC TCTTTCAGCAAGGTTGGGCA ATGTAACTCTCAAA ATGTAACGCTCAAA 0,0 

Oki_105115-49 T G TCGGGTAACACTTTCGTAGCT GCGTTGAGGTGACATGTAGC CTTTAAGTTATTTC CTTTAAGGTATTTC 0,0 

Oki_105132-169 C T TGCCCTGAACCACATGTCAA 

TGGAATAAAAACCTGCAGACA

CTG CACGATGCACTGAG CACGATGTACTGAG 0,0 

Oki_105407-161 C T GCAGCAGCTCACAGCCTT TGTCCTGACAGCCTATAGGAT CAGCCTTCGTTTGT CAGCCTTTGTTTGT 0,2 

Oki_106172-60 C T ACTACTTGGCGTGTGTGTGG TCCACTGAGAGGATGAGGCA AACCCTCCATCGTG AACCCTCTATCGTG 0,0 

Oki_106313-353 A G 

TCCCCATTACAATATGTCCCT

GAC 

TGAGTTTTCCAAACCCTGTGT

G ACTTACCAACTGTT ACTTACCGACTGTT 0,0 

Oki_106419-292 T G 

TGCATCTGTAAGTAGCTCTGG

A 

AGTCTACCATTCTACAAGTTC

CTT CTAAAACTGAAAGG CTAAAACGGAAAGG 0,0 

Oki_106479-278 A G 

CCCTCTAGGTCTTTAGCAAAC

ACT 

TCAGTCATTTGTTTACGTGCT

GT ACTACACAGATGCA ACTACACGGATGCA 0,0 

Oki_106747-503 C A GTTAACATGGGAGGGCGACA GCCTGCAAGACGATCCATCA GACAGCACCAAA.G GACAGCAACAAA.G 0,0 

Oki_107031-314 A T AAAAACAGCCAGCGAAGGGA TGTCCTCAGCTACACACGAG TTTTTGTATTTACT TTTTTGTTTTTACT 0,1.8 

Oki_107607-213 A G TGCGTTGCACCTGATCTAGA AGGTAAACCGCGTTCCATGT CTACATCACTGGAG CTACATCGCTGGAG 0,0 

Oki_107974-46 A G AACTGGCAGACCTCGAACTG TCATTGACATCTACGGCGCG CTGCGCCACTGGTG CTGCGCCGCTGGTG 0,0 

Oki_109525-359 A G CTTCCAGACATCACGCCTCA TGAGCAGCAAGTCCTACACC CATTGGTAAGTTGT CATTGGTGAGTTGT 0,0 

Oki_109651-152 A T GGCTGTTGTCATATCATCCCG GTCTACACACAGCCCAGGTT TTTTTTTAAAGCTA TTTTTTTTAAGCTA 0,0 

Oki_109894-418 C A GGAGGTACCAGGTGAGCTCA 

GACCAGACCATAGACATTGCC

T CTGGTTGCTTGAAC CTGGTTGATTGAAC 0,0 

Oki_110064-418 A G 

ACGTAGCCTTTTAGGGATTAG

CT 

TGGTTTGCTTTGCACTCTTAA

CA TTAGCTAAGTCCCT TTAGCTAGGTCCCT 0,0 

Oki_110078-191 T G ACACACACACTCGCTCTAGC ACAGTGTTCTGAAAGGGCCA TACACTCTAATGTC TACACTCGAATGTC 0,0 

Oki_110381-77 A G TGAAACGTCCCCAACTTCCC ACCTCATGGACGATGCCATC GGGTTTAAGATACG GGGTTTAGGATACG 0,2 

Oki_111312-141 C A 

GGGAGGGCTAAAAATACAGAC

CA CTGGGGTCCTATTGCTACTGT AAAAAATCATAAAA AAAAAATAATAAAA 0,0 

Oki_111681-407 A T TTCATCCCATTGGAAGCCCC ACAGCCTATATCTGTGCGCT ACTGCAAAAGCGCA ACTGCAATAGCGCA 0,0 

Oki_113457-324 A G TTACTGAGGTGGTCCAGGCT ACCAGCAACTCTTTCCTCCC CTCTGTGACTCGTT CTCTGTGGCTCGTT 0,0 

Oki_113979-170 C T AAGCTTCCAACCTTCAGACAA TTGGCCATCGATGTGGGATT CAGACAACGGAAAA CAGACAATGGAAAA 0,0 

Oki_114250-187 T G GGCGATTCAGAGCAGGTCAT 

TGGGAAATGTGTTGAATGTCC

T CGA.TAGTTCTTTT CGA.TAGGTCTTTT 0,0 

Oki_114448-101 C T ATGTTCGATCAACCACTGCA CCTCCTGCTGGACTAGGCTA CACTGCACCCGTCA CACTGCATCCGTCA 0,0 

Oki_114587-309 T G 

GTCACAAATGATCTGCAAAAC

ACA ACCAGGTGAGGGGTTAACCA TTACTATTCATTTT TTACTATGCATTTT 0,0 

Oki_115987-366 C T GACTGGTCGTTATGTGGGCT CTGCTGGCCGTAGTACAGTG GGTTCACCGAATGC GGTTCACTGAATGC 0,0 

Oki_116362-411 A T GGATGCAGGTGAGGGTTGAA AATTCCCACCTTGCCTGCTA TTACACAAAACATT TTACACATAACATT 0,0 

Oki_117043-374 C T TTCCTCTTAACCACCGCAGC ACCAAGACTATGCAAGGCCC AGGACACCGATAAC AGGACACTGATAAC 0,0 

Oki_117144-64 C T CACATGCTCCACAGACACCT GCCAATTGGTTGAAGGAGGG CCTCCACCACTGAG CCTCCACTACTGAG 0,0 

Oki_117742-259 C T GAGACTTCTGGTGGCGTCTG TGCAGAACTCCACTGAGACG GTCTGCACGTGGAC GTCTGCATGTGGAC 0.7,0 

Oki_117815-369 C A GGTACAGCAAGCCTCACAGA TGCTCTGTCTCCCACTCTGA CAACAAACAAAGCC CAACAAAAAAAGCC 0,0 

Oki_118152-314 A G ACGGTACAAACAGGCTCACA CTCCAGAACCTGTTGTTGGGA TTTAGCTATCTACT TTTAGCTGTCTACT 0,0 

Oki_118654-330 C T TCCTTAACACTGTCCGACGC TTGCTGACCTGGTTGAGGAC ACACCTCCGACCAG ACACCTCTGACCAG 0,0 

Oki_120024-226 T G 

ACCATAATTTCACAAACGAGG

CC AGCAGAGGTCGAATGAACGG TTGATTATAGTTTC TTGATTAGAGTTTC 0,0 

Oki_120255-113 A G 

GGGGGTAGGCTAAAACTAAAT

TACT 

TGACTATGCCATGAAGCTACC

C AGTTACTAGGGTAG AGTTACTGGGGTAG 0,0 

Oki_121006-412 C A AGGCAGAGGACAGTGACTCT TGCAGTACTCCAAGGGTTGA CAAAAACCTCAACC CAAAAACATCAACC 0,0 
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Oki_122138-111 T G 

ACATGACTAGTTCTGTTCAAG

CCA TCTAGGGCCTCCTGTGTCAT AATTACATCCATAG AATTACAGCCATAG 0,0 

Oki_122593-430 A G TCTGGGTAAAGTGTGCCTTTT 

TCGATTCCAGGGTCTCAAAAG

A TCTCACCAGTCTTT TCTCACCGGTCTTT 0,0 

Oki_123044-68 C A 

ACTGCCATATCAGTATTGGGG

G 

TGCTATGTTAACTAAACCGGA

ATCA TT.AAAACGTTTTT TT.AAAAAGTTTTT 0,0 

Oki_123921-90 A G GGCGACGGAGATGAAGGTAT CCAAGCCCTGAACCTTAGGG ATTGTAAATTATCT ATTGTAAGTTATCT 0,0 

Oki_124162-62 A T GAACTGCCAGGTGTCAGGTG 

ACCTTTTTGTGCACTTTACAT

GT AGCAAAAATATAAA AGCAAAATTATAAA 0,0 

Oki_125998-340 T G CGCAGGTCTTCTTCTAAGCAG 

TCACTTTTATTCGTACAGGCC

CT AACATACTGAGGGC AACATACGGAGGGC 0,0 

Oki_126160-142 CT TG TGCTCACCAACACCTGTTTG TCCGGTCACTCCCTTGTACA TTTGATCCTAAAT TTTGATCTGAAAT 0,0 

Oki_126619-265 T G 

TGCGTAGTTAATTTTCACCTC

GG TACGCAGCACTGAAGACTGG CGGATTGTGCACAC CGGATTGGGCACAC 0,2 

Oki_127645-235 C A TTGGTTGGATCTGGTGCCTC 

GCTACTTGTATGAACTTTGAT

CGCT GTGGCCTAAAAA GTGGCATAAAAA 0,0 

Oki_128302-547 A G AGCTGGAGGGGATTCACTGA 

GGGATAAGAGGGTTTACAGTA

AAGT AACAAATAGGGATG AACAAATGGGGATG 0,0 

Oki_128693-70 C A AGAGGTCAGGGGTCAAGAGG CATGTCCCCACCAAACTGGA AGAATTACATTTTC AGAATTAAATTTTC 0,0 

Oki_128757-232 A T 

TCAAAACGTTATTGTACGATG

ACCT GACCGGGTGCAACACAAAAA TTTGGGAAAGCTTT TTTGGGATAGCTTT 0,0 

Oki_128851-185 A G 

CTCCAGTCTCCCAGTTTACAC

A GGCCCTCTCCTGGAGAAAAC TAACCAGACTCCCT TAACCAGGCTCCCT 0,0 

Oki_129870-552 A G AGGGAGACAGGCTGACATCA AGGAACAGAAATGTTGCGTCA TGCTATTATGTTTT TGCTATTGTGTTTT 0,0 

Oki_130113-304 T G GGGAGAGTGTTGGAATCCCC CTTGTTCAGGGGCAGAACGA TACAAATTTATCGT TACAAATGTATCGT 0,0 

Oki_130295-48 A G 

TGAGCACAAATATAAATGTGG

CTGT 

AGAAAAATATTCTGTGGTCCC

CT AAGCAATAAACAGT AAGCAATGAACAGT 0,0 

Oki_130524-184 C T CGATTGGTCGTTGGCATGAC TGCTCTGCTGTGTGCTTACA CAGGAAGCTGACTC CAGGAAGTTGACTC 0,0 

Oki_131147-353 T G 

GGCCTTTGTCAAAAGTAGTGC

A CCAGTCTCTTTGCGTCCCAA AAAA.ATTTTTGGG AAAA.ATGTTTGGG 0,0 

Oki_131460-243 C A GGAACAATCGAGCAAGGAGC GCTTGGCCATGATAACCTCA TTTCCTTCTACATC TTTCCTTATACATC 0,0 

Oki_131906-261 C A TGTGGTGCTTCTGTGCTGTT CCAAAGAACTGCAGCAGCTG TTTGTTCCAAAGGG TTTGTTCAAAAGGG 0,0 

Oki_94903-192 A T TCCAAACCGCATCGTAAAAGT CCGACATATGTGAATGCGAGA AATTTAAAGTCAAT AATTTAATGTCAAT 0,0 

Oki_95318-100 C T 

CGCCTGCACTAAATATGTAGA

CA GGGTGAAGTGCCCCTTTAAC TTGAAGGCTGTTAA TTGAAGGTTGTTAA 0,0 

Oki_96158-278 A G CCACCTCGATCTCCTTTCGG ACTGTCCAGTTTGTGACGGG CTATTGTAGGGTCG CTATTGTGGGGTCG 0,0 

Oki_96376-63 A T CTGCTACGTGTTTGACAGTGA 

TGTGGAACATGAACTCAAAAC

GT GAGAGTTAAAAAAA GAGAGTTTAAAAAA 0,0 

Oki_97660-149 T G CACTGGTCCGGTCCAAATGA CTGTTACTCCCCAACCCTGT GGTTACATACAGGG GGTTACAGACAGGG 0,0 

Oki_98188-150 C T CGACGAGGAGGCCTTTGAG CCTTGTGGGTGACAGGACAG CCCAGCCCCC.ACC CCCAGCCTCC.ACC 0,0 

Oki_99550-284 T G 

AGAGGTTGCAATTGTAAGTCT

TGT 

CTCACAGTGAGGGATCTCTTC

T TGTTTCTTTT.TTT TGTTTCTGTT.TTT 0,0 

Oki_RAD100310-

36 T C 

TGCAGGACTTGTTTGGTTTAC

TG 

TGGGAGAGAAAGGTATGTCTG

T TAAAAATGCCGAGC TAAAAACGCCGAGC 0,0 

Oki_RAD100331-

48 G A CGCCACCCAAATAACCCAGA TTCCCAGGCAGTTCTGAGAC CAGACCGCGTCTCA CAGACCACGTCTCA 0,0 

Oki_RAD100388-

66 A G CGATTTGTTGAGGGGCCCTA AATATTCCCTCCAGGCACGC AAACAGATAGTACC AAACAGGTAGTACC 0,0 

Oki_RAD100479-

50 G A GGTCTTTTCCACACTGCTGC TCCAGAGAAAGGGCTCATCC ATGGACGTGTTTTT ATGGACATGTTTTT 0,0 

Oki_RAD100507-

58 T G TGCAGGCGTGTATAGTGGAG CAGCTGGTCCACTGTCTATCA TTCTCTTACAAGCT TTCTCTGACAAGCT 0,0 

Oki_RAD101032-

66 C T TTGCACCATCTGGAGACTGG CCCCACTACACCAATCGAAGA TATGCGCTGATTTA TATGCGTTGATTTA 0,0 

Oki_RAD101136-

60 A G TGCAGGCCTCAATGCTCAAA 

TGGTCACTTGTAACTTGTAGC

TGT ACTGACAGTCTAAA ACTGACGGTCTAAA 0,0 

Oki_RAD101478-

57 C T AGAGCATATGGCCACGTCTG GCTCTCTCTCGCCCACAAC AACCACCATTAACC AACCACTATTAACC 0,0 

Oki_RAD101607-

49 C T CCGGGGCTTTCAGAGAGATG TGTTTTCCCCCTTTTGCCCT GAGATGCGTCCGTG GAGATGTGTCCGTG 0,0 

Oki_RAD104180-

61 G T ATATAGGCTGGGAGGGGAGG ACAGCTGTGACTTGAACCACA AAAATGGCAGGATG AAAATGTCAGGATG 1.7,0 

Oki_RAD104335-

44 T C GTAGTGCAAAGCTGAACGCC TCACTTTGTCCGGTTCCTGG CCGCTGTGAGGGGA CCGCTGCGAGGGGA 0,0 

Oki_RAD104946-

41 C T CATGTGGCTGTAGTGGAGGG GCCCCTGAATGACAGCTCAG GAGGGGCGCCCTGG GAGGGGTGCCCTGG 0,0 

Oki_RAD106191-

62 T C TGAGATCGAGCTTGCTGTGG CCCTCCCGAGCCTCAAAATA GAGAAGTGATCACC GAGAAGCGATCACC 0,0 

Oki_RAD106666-

44 T C ACGCCAGTCTGATTGGAGTC CGGTTTTGATTTACCTGGCCG CGGCTATACACAGG CGGCTACACACAGG 0,0 

Oki_RAD109528-

59 T A GGCCTCAAAGAGAAAGAGCA 

GGAACTCTGGAGAAGGTAAAG

AA ATTATGTTATTTTC ATTATGATATTTTC 0,0 

Oki_RAD111744-

32 A T CTTTGACAGACAGGGTGGGG CCATGCTCCAGAGTCTCGAC GGGTCGAAGGTCCG GGGTCGTAGGTCCG 0,0 

Oki_RAD115799-

69 C G CTGCATCGGTAGTGGTCGAT CCAGGAGTTTGCCCTGGAAT ATCCTGCTCCGGCA ATCCTGGTCCGGCA 0,0 

Oki_RAD11844-57 T G TGCAGGTATTTCCGCTACACT TCGCAGAAGGCCATTTTATGT AAACACTGACATAA AAACACGGACATAA 0,0 

Oki_RAD12124-45 A C TGCAGGAACTTGATGATCTGA CCAGGATTTGGTTCATTGCTT TCGAAAACTGTAAT TCGAAACCTGTAAT 0,0 

Oki_RAD16167-62 C T GGAGTCGGCTGTCTTTGACT GCAAACAGCATTTCGTTCGA GCGTGTCCAACAAA GCGTGTTCAACAAA 0,0 

Oki_RAD17541-50 G T CGTGCAAAGAACGTTCCCAA 

GGAAAGAGAATTGTTTGGAGC

GT TCTTAAGAACGTAA TCTTAATAACGTAA 0,0 

Oki_RAD23788-32 C A AGGGGGCTTAAACACAGCAT 

TCTTTGAAATTGTTGCATGTT

GC TATTATCCTAAACA TATTATACTAAACA 0,0 

Oki_RAD25212-35 G C 

TGTCTAGTTCCCAGCTTGTTC

T TGGAGAACCATCGAGCAACG TTCTGGGACATCCC TTCTGGCACATCCC 0,0 
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Oki_RAD27801-45 T A GCAGGTAGCGATGTGGAAGT CCTCTTTGGTATTCTGTGCGG CACAGCTAACCGCA CACAGCAAACCGCA 0,0 

Oki_RAD29028-42 A T 

GTCACTCTGAAGTAGCTGCAC

T AGCCACAGGAATAGAAAGCAA ACTTCCAGGAATTA ACTTCCTGGAATTA 0,0 

Oki_RAD29136-50 T G 

CCTTCACAAAGACAACATGAC

TGT AGCAACGGAAATAGGCAAGGA GTAAGGTTTCCTCA GTAAGGGTTCCTCA 0,0 

Oki_RAD34432-38 T G TGCAGGATTTTGTGGAGAGGA TCATCGGTCTACCTGACGGT TGTGAATAGATGGC TGTGAAGAGATGGC 0,0 

Oki_RAD345-59 G A GACACTTCTCACTAGCGGCC TGACTCACTACCGCTGAGGA CAGAGGGGCTTCCT CAGAGGAGCTTCCT 0,0 

Oki_RAD35219-62 T C ACCGAACGGAGGTGAGGATA TCAGCCACAGTCTTGGTGTG AGGATATGGCTCAT AGGATACGGCTCAT 0,0 

Oki_RAD35990-63 A C 

TCAAGACATACAACAAAAAGT

GGT 

CACAGTTAAAGACCCATTGCG

G CTCAAGAGGGGTAA CTCAAGCGGGGTAA 0,0 

Oki_RAD36669-48 A G GGTCCTCCTGTCCTCTTCCT AGAGGGCAAGCAGTCAGTTC CTTCCTATCAGTGT CTTCCTGTCAGTGT 0,0 

Oki_RAD37278-54 T C AGCGTGGTGTAACTTCAGAGG 

CTCAAGTTAGGATTCAGCCCC

A TTTTGGTGATTTGG TTTTGGCGATTTGG 0,0 

Oki_RAD37493-51 G A ACGCATCACAGTGAGACCAG AAAGTAACCGCCTCACCGAG CCAGCCGGGAACAC CCAGCCAGGAACAC 0,0 

Oki_RAD37537-45 T C AGTCCACTTGTAACACCATGT TCCACCCATTACCACGAACC ATGTACTCACAGTA ATGTACCCACAGTA 0,0 

Oki_RAD37698-60 T G TGCTGAGGTCTTTTCTGTTGC 

TCTCTCTTGGATAAGGTGAGT

TTT 

A[GA]TTTTTGGGAGT

A 

A[GA]TTTTGGGGAGT

A 0,0 

Oki_RAD37979-59 G T 

GGGGTCTCTGTCATTCAAAGG

A TCACTGTGTTTTCCCAAGGAA TATGAAGACATTCC TATGAATACATTCC 0,0.7 

Oki_RAD38077-34 A T 

TGCAGGTCATCTATGAATGTT

TGA 

ATGTTAGTGGCACTGAATGAA

TTT ACATTTAAAAAAGC ACATTTTAAAAAGC 0,0 

Oki_RAD40179-68 T C AATGCCACCCATCTACAGCA AGAGCAGCACATAGGGTTTGT CTGAAGTTGACTAC CTGAAGCTGACTAC 0,0 

Oki_RAD41030-31 T C GCTGAGCCTGGTCTGGG TGGATACCCCAACTCCTCCA GGGGCCTAGGGGCT GGGGCCCAGGGGCT 0,0 

Oki_RAD41603-39 T C 

GCAGGATGCACAGATAACACA

G 

CGACCATTCCGATTAATTGGG

C GCACACTAGAGGTT GCACACCAGAGGTT 0,0 

Oki_RAD42204-39 C T TGCAGGGAGAGGAGAAGGAA AGGTTGTGCGTAAGGTACAGT 

ATTCAGCACATTA[GA

] 

ATTCAGTACATTA[GA

] 0,0 

Oki_RAD43051-33 G A AGGACGTTGGTAAAGCCCTG ACCAGTTTCGGCTACATGCT CAGCCGGCTGAGCA CAGCCGACTGAGCA 1.4,0 

Oki_RAD43627-30 T A GCAGGCAGCATGTGGTTAAA 

AGGACACACAGATAAGAGACA

GA CATTTTTAAAATTA CATTTTAAAAATTA 0,0 

Oki_RAD44268-51 T C 

ACAGACAATGACCTACACTGA

GT AGTGCCTTTGAACAGGGTGT TGAGTTTACAAAAC TGAGTTCACAAAAC 0,0 

Oki_RAD44444-52 G A TGCCAGTAGGTAGCTCAGGT AGGCCTCAAAGTGTAGCACA TTACATGTAGGTCA TTACATATAGGTCA 0,0 

Oki_RAD45691-45 T G GGGCCCGCGTTATCTGATTA CTGATTCGGTCTGGCCTGAA 

GAGTACTGCATG[TA]

C 

GAGTACGGCATG[TA]

C 0,0 

Oki_RAD45878-53 G T AGGACAGATCGAGTTTCGCC TTTCTCTCTCGCCCTCTCGA ACAGGGGTTCGAGA ACAGGGTTTCGAGA 0,0 

Oki_RAD46160-48 C G TGCAGGTGTCTGTAGCTTGG ATTCTTGTTAGCTCGCGCAC GTGCTACTGAATGA GTGCTAGTGAATGA 0,0 

Oki_RAD46744-47 T C GCAGGCCCGATGGTATTGTT GTTTCATGCCTTCCTGCCAG TCGCTCTTCATACA TCGCTCCTCATACA 0,0 

Oki_RAD46974-68 T G TGGAACGGTTCACCCATTTT 

CACATGAATTAACCCAGGGAA

TCG CATTTTTAATGTTA CATTTTGAATGTTA 0,0.4 

Oki_RAD47313-50 G A TGCAGGACTCTGAGGTTACAG 

ACCCAAGACAAGAGATAAACT

TACC GGCACCGTGGTAAG GGCACCATGGTAAG 0,0 

Oki_RAD49111-64 C A TTACTGAACAGCCACCTCCG TATGCATGCACAGCTGGTTG GGGATGCTCTGGGA GGGATGATCTGGGA 0,0 

Oki_RAD49348-51 G A AGCCCTCTCTACGTGTCTCA AACAAACGCACAACATCGCT CAAAGCGGAGCGAT CAAAGCAGAGCGAT 0,0 

Oki_RAD51428-47 A G CTGCAGCCAGGGAGGTTATA CCAGAGGAAACCCAGCAGAG GTTATAACAGCAGT GTTATAGCAGCAGT 0,0 

Oki_RAD51585-47 G T ACTTTCTAGTAGGCGTGTGGC CAAAACCCTGGCGTTGCAAG TCACTTGGTAGAGC TCACTTTGTAGAGC 0,0 

Oki_RAD52040-63 G T CGCCCAACCAAACACTAACC 

AGTGGCCTAACTTTAATTTGA

CACA 

AAAAA[CT]GATTGTA

A 

AAAAA[CT]TATTGTA

A 0,0 

Oki_RAD52785-52 C A CTAAAACACAAGCCCTGGCA 

TTTAATTATCTACCTGTTCAG

TGGC 

GCAAC[AT]CGGCCAC

T 

GCAAC[AT]AGGCCAC

T 0,0 

Oki_RAD53121-66 C T CTCTAAATACCCGGGTGCCC 

CACATTCTTGAGACAAGCAAG

GG CATTCCCTCATTCC CATTCCTTCATTCC 0,0 

Oki_RAD53655-42 T C GGTGAAGGTTTCAGAGGGGG GCGCTCTCCGTGATCTCATT GGGGATTTGAGAAA GGGGATCTGAGAAA 0,0 

Oki_RAD53703-50 C T TGCAGGAGGACACAAACACA CACAGCCTTAGACCACTGCA GCCTCACGAGTGGT GCCTCATGAGTGGT 0,0 

Oki_RAD53750-45 A G CAGAGGAGGGGCCGTGA CCCTGTATCAACACGGTGCT CGTGACAGTAGAAA CGTGACGGTAGAAA 0,0 

Oki_RAD54417-49 G A GAGGACAGGGTGGGACAAAG CTGTGACCCTATGCCAGTCC AAATGGGGTTTCTA AAATGGAGTTTCTA 0,0 

Oki_RAD54918-40 T C CAGGCCCAGCTGTGAGTAAA ATAGGGTGCCATCTTGGACG TCATCCTGAGGCCA TCATCCCGAGGCCA 0,0 

Oki_RAD55090-49 C A ATCGCAGCACGGCTCTATG CTCCATCTCCTTTGGGCTGG GAGAGCCGGACGGG GAGAGCAGGACGGG 0,0 

Oki_RAD55690-46 A C CCACAAGGGCACAATGAGTC GACCAGTAGTCGCATAGGGC GTAAAGACCCCTAA GTAAAGCCCCCTAA 0,0 

Oki_RAD56094-43 G T AAGAGGTATGCCACGATCCC AAACGAACCTCCAACCTCCA CGCACCGTTCCTTC CGCACCTTTCCTTC 0,0 

Oki_RAD57307-33 A G TGCAGGGCTTGAGTTGAGAA ACGGGCATTGATCCAGTCAG CTCAAGATTTTAAA CTCAAGGTTTTAAA 0,0 

Oki_RAD57826-44 T C TGCAGGTGACGCTTTAGAGT GTGCAACACCAGAGTTCGAA TTGGCATCAGATTG TTGGCACCAGATTG 0,0 

Oki_RAD57956-47 C G AGGTCATGGATGAGGCATGC CCTTTTAGCATGGCGCATCC CCTACTCTTTGTCA CCTACTGTTTGTCA 0,0 

Oki_RAD58310-55 A G CGGCCCTCTGTTGAGTATGG 

GGATATGGATTAGGGGATAGG

GGA ATCACTACTATCCC ATCACTGCTATCCC 0,0 

Oki_RAD59054-54 A T 

TGATTGAATACCTAGTCTCCC

TATG CGCCACTCAGAAGCCCAATA TTTTGTAAAAAAAA TTTTGTTAAAAAAA 0,0 

Oki_RAD59556-32 T C GGCCATAGCAGCTGCCTG 

ACCATGTCTCATAGTAGACAT

GCA CATTAGTGTAATAA CATTAGCGTAATAA 0,0 

Oki_RAD59920-68 G A GGCTGAATCCCCCTAGAACAC 

GCCATGGTTAAAGGTTTCAAG

C 

ACACAGGACAT[TA]A

G 

ACACAGAACAT[TA]A

G 0,0 

Oki_RAD59945-45 T C CAGGTGGATGAGAGGCTTGG CCAAGACCAGCCCTGAGC GCTCTCTTTGTTCC GCTCTCCTTGTTCC 0,0 

Oki_RAD60246-68 A C GCAGCCCCTACCTACCATTC GAACATCGCCAGGCATTGAA ATTCTCACGAAGTG ATTCTCCCGAAGTG 0,0 

Oki_RAD61746-62 C T TTGGGGAGAACTGTGTGTGG CGCCCATTGCACTGTTGATC GCTATTCGGAAAGA GCTATTTGGAAAGA 0,0 

Oki_RAD61821-61 A T TGCAGGCTAAAACCAGTACTT TGACCAGAAGACCCCTCTGT TAAAATAAACTCAA TAAAATTAACTCAA 0,0 
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Oki_RAD64084-65 C A 

AGGCAATTTTTACATAGATGG

CAA 

TCGCAAGATCATTATCCAGTG

GT AATATACGTTTTAG AATATAAGTTTTAG 0,0 

Oki_RAD64627-67 T A GGTCCTCCTTGGTGATTGGT 

GGTTACATCCTCAATGGGTCC

A AATAAATAGGCTCC AATAAAAAGGCTCC 0,0 

Oki_RAD65234-35 T G 

TGCAGGAAGAGGTTAGAAAAT

AGA 

ATGTATGGACTTGACAACAAC

AAA CCAGATTTTTTGTT CCAGATGTTTTGTT 0,0 

Oki_RAD65388-37 C A GTGGTGGTGGTCAGAGACAG 

AAGCTGATTTCCTTGGCAAAA

T AAAAAACCATGTGG AAAAAAACATGTGG 0,0 

Oki_RAD65610-58 A T TGCAGGCCAGTTCAGTGTTT GGCAGTTAATCACGTGCACA GTTATTACCTGTGC GTTATTTCCTGTGC 0,0 

Oki_RAD65902-30 C T CCTTGTTCACCAGGCTTTGC ACCGTTGACTCTGAGCTGTG CTTTGCCGGAAAAA CTTTGCTGGAAAAA 0,0 

Oki_RAD66265-54 C T 

TGTTGTGATTGAGTTTGGGGG

A TTTCCACCACCAAGACACCC AGGTTCCGTCAGAT AGGTTCTGTCAGAT 0,0 

Oki_RAD66663-68 G A GCCCACTGCTAAGGCCTATA CGCCATTAGTCCAGTTTGCA ACCACCGTAACAAT ACCACCATAACAAT 0,0 

Oki_RAD66994-58 G A AAAAAGTGGGAGCAGCATCG AAGCCTCCTCCTCACAGCTA GGACTAGTCTGCTC GGACTAATCTGCTC 0,0 

Oki_RAD67081-48 G A GGCTGTCGGTGTTTCACAAT 

AGCAATTTCGATGACCATAGC

T TGATGCGGTGACAT TGATGCAGTGACAT 0,0 

Oki_RAD67114-64 T A 

AGTCAGGTGAGACTCAAATCC

T GACAGGAGTCTACCGTGGTT ATGATATGTACAGA ATGATAAGTACAGA 0,0 

Oki_RAD67674-60 C T TGCAGGAGTAAACAACACCA AGCACCGACTGTTGCTCAAT ATCTTCCATTTAGG ATCTTCTATTTAGG 0,0 

Oki_RAD68033-63 A G 

CCTGAACAAAACACATTAGGA

ATCA 

TCTCTCCAATTCATACTGACC

ACT TATCACAATGTAGG TATCACGATGTAGG 0,0 

Oki_RAD68190-55 G A TGAGGGGGTTGGGAGGG CCCCCATTAAGTCTCCCACG GCTAGGGACGTGGG GCTAGGAACGTGGG 0,0 

Oki_RAD69161-64 G T 

CCAGTATGAATGCATCGGTTG

T 

AGGAGAAGATGAAGCATCGTC

A TTGTGAGAATGATG TTGTGATAATGATG 0,0 

Oki_RAD69355-42 G A GCCCTTCAGCAACATGGTTG GGAGAAAGGTGCTGGCATCT CACCCTGGACTCAG CACCCTAGACTCAG 0,0 

Oki_RAD70262-64 C A GCAGGATAAGGCACCCTACG CAGCACTGAATCATGCGCAG CTTAACCCTTATCC CTTAACACTTATCC 0,0 

Oki_RAD70338-46 G A GAGAAACTTTGTAGCGGGGC TCCTTGCCCGTCCAACATTT GGAGAAGCATTTGG GGAGAAACATTTGG 0,0 

Oki_RAD70600-60 G A CTGCACCTACCACCAACAGT 

ACGATAAAGTCTTGCACTCCG

A AAAAAGGGACATCG AAAAAGAGACATCG 0,0 

Oki_RAD70812-52 A T TGCAGGGGTTGTTGATGTTA AGACGACCCAGAGATTCTCA AGTATGATAAACTA AGTATGTTAAACTA 0,0 

Oki_RAD70820-47 A T TACCGACAACCTTGCCTCTC CAGACCCCATCCCCAATCAC ATACGGAGGTGATT ATACGGTGGTGATT 0,0 

Oki_RAD70963-47 A G 

GGTCAGACCTGCCTTTATCTG

A CAGATCAGATGAGGCCGACA GCAACAACTGGTTA GCAACAGCTGGTTA 0,0 

Oki_RAD71346-63 T C ATGGGACTGGATTTGTCGCT CGACTCATTTGCAACCTTGGT AGAGGATGTTGGGC AGAGGACGTTGGGC 0,0 

Oki_RAD71442-69 G A AGGGTGTGCTTCAGTATGACA AGACAGTGCACCAACGTTGT TGAATGGAAGTTTA TGAATGAAAGTTTA 0,0 

Oki_RAD71948-56 A G AGGACCAGCTTAGCCTCTCC CATCAGGTCGCAGGTAGGAG TTATTGAAATCTAC TTATTGGAATCTAC 0,0 

Oki_RAD72095-45 A C GGACACACAAATCACAGGGGA GCAGCATTGCCCCTGAAGTA AAAATAAATGGAGC AAAATACATGGAGC 0,0 

Oki_RAD72101-67 A G TGCAGGTGCGAGAAACAAGA GCAGGAGTGGTTGGAATTGC GCTTGCACAGAGCA GCTTGCGCAGAGCA 0,0 

Oki_RAD72759-48 A G 

CCAGGTTCAATGGTAGCTAGC

T AGGGGGTGAATACTTTCGCA CATGAGACTGTAAC CATGAGGCTGTAAC 0,0 

Oki_RAD72979-40 G A TGCAGGCTGTGTAAGGACTC TCGGGTGATTCTGGAGGCTA GAGAATGATGAAGT GAGAATAATGAAGT 0,0 

Oki_RAD73094-68 A G AGCGCCACCAGAACTAAACA TGCATGTACGTATGTGTGCG AAACACATACGCAC AAACACGTACGCAC 0,0 

Oki_RAD73130-59 T C TCAGCCTGGTGAGCAAACAA TAGCAACAACCAGGAGGCAG AATACCTCCTAACG AATACCCCCTAACG 0,0 

Oki_RAD73234-42 T C TTGGGCCCAGTTATCCCTCT TAACAGGGCTGCAACCACAA TCTCGCTTCGCATT TCTCGCCTCGCATT 0,0 

Oki_RAD75909-38 T C CCAGTCTACTTCCAGCTGGTG AGTCCTGCTCTGAGGGGAAG GGTGGATGTTCTGC GGTGGACGTTCTGC 0,0 

Oki_RAD75911-69 G T ACTAATCAGCGGCTCACCAC TACCCTGTTGTAGCACCCCT GACCTTGAAGGCAA GACCTTTAAGGCAA 0,0 

Oki_RAD76218-42 T G CCACAACCAGATCAGCACCA AGCCTGTTGGAGTTGAGGTG ACCATTTCCCCAGG ACCATTGCCCCAGG 0,0 

Oki_RAD77207-61 A G GACGGTTCTGACTGTGAGGG CCTGGGGCTTGGCATTAGAT GGAACCATTTAGGA GGAACCGTTTAGGA 0,0 

Oki_RAD77210-64 A T TGAACAGCCCTGCTCAAGAA 

TGTTTTGCCATTGTGTTTCCC

T 

GTGCAAAGA[TC]ATT

A 

GTGCAATGA[TC]ATT

A 0,0 

Oki_RAD77803-60 G A 

TGAATGTGTCTGCTAAGTGTC

A TCTTCTGTAGCGTCCGTTGG TCATATGTTGTTAT TCATATATTGTTAT 0,0 

Oki_RAD77883-62 C G CACCAGCGCCTCAAAATTGT TGCATCGGCTGTGAGATTAA TGGGGGCTCGTACA TGGGGGGTCGTACA 0,0 

Oki_RAD78112-64 T G ACCCGCATCATACTTATGCA CTGTGTCCAGGCATGTGGTA AATAAATGCACGAG AATAAAGGCACGAG 0,0 

Oki_RAD78543-33 A G CAGGGCACATCCTCTGGC CTTTGGGAAGGAGCTGAGCA CTCATCAGCATTCA CTCATCGGCATTCA 2,0 

Oki_RAD79761-66 A G TGTGTTGGCTTTATGTAGGCT 

GTCTCTCAAAATCATTGTCTG

TGGT TATTAGATTTGTAT TATTAGGTTTGTAT 0,0 

Oki_RAD80460-54 C T GCAGGGTAAGCTCTACTGTCA TTTAGCAGCCCTAGTGCCAG AACACTCTGGCTTC AACACTTTGGCTTC 0,0 

Oki_RAD80645-70 G C TGCAGGGAGGATAGACAACC TGCTGTTATTCACCCCTCGT GCACAGGTGACGAG GCACAGCTGACGAG 0,0 

Oki_RAD80982-68 T C CAGCCTAGTGGACACCTGC GTCCCCACCGTCTCCATAAC GCCGGGTATCGTCG GCCGGGCATCGTCG 0,0 

Oki_RAD81387-37 G A 

GCAGGAGTCCATGTCTACTCA

G AGTCCAATGGCTCCTGCAAT CTATCTGACTAGTT CTATCTAACTAGTT 0,0 

Oki_RAD82856-48 C T TGCACATGACCAGTACTCGC GATCCACTGCATGCTCCAGT CGCCTACCAGTCGA CGCCTATCAGTCGA 0,0 

Oki_RAD83766-63 T A AGCAACATGACCACGTCACT TTGTTTTGTCCGGCTCCTGT AAAGACTGAGGAAA AAAGACAGAGGAAA 0,0 

Oki_RAD83875-36 G A AGCTTGGCAAGGAAGTCTGT GAAGTGGGCTAAACGCTCCT TGTGATGTAGCTGC TGTGATATAGCTGC 0,0 

Oki_RAD84577-58 T G CAGAGAGAAGCACAGCACCT TGCTCTGCTTCCCTGTGTTT ACCTACTTCTGCCA ACCTACGTCTGCCA 0,0 

Oki_RAD85448-48 A T AGGCAAAGCAATGGAGTGGA 

GGAGGCATCTCTTGAAATGCT

G ATGGAGATATCTAC ATGGAGTTATCTAC 1,0 

Oki_RAD85949-47 G A 

TCAGTTAGTGGGTCTCCTCTC

T TCGTCAACAGTGCAGTAGGC TAACACGCGTTCTA TAACACACGTTCTA 0,0 

Oki_RAD86627-60 A T TCCTCCAAACACCTGCTTCG CTTGGGTAGCAAATCAGCCA AGCATTATCACTTT AGCATTTTCACTTT 0,0 

Oki_RAD87141-55 T C ACCACCCAGTAAGGCTCCTA TCTGTCCTCCAGACTCCTGT AGCTCATTTCTTTT AGCTCACTTCTTTT 0,0 

Oki_RAD87310-41 T C GCCCTTTTGTGTGCCATGTG CTCCTTGGGCTCAGTGGAAG CTCCCCTCTGCAAC CTCCCCCCTGCAAC 1.2,0 
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Oki_RAD87446-62 G A TGTGTGAGAGAGTGTGCGTG GGGGAGCCCTGCATTAAGG GTGTATGCAATCCC GTGTATACAATCCC 0,0 

Oki_RAD87621-67 T G TGCCCAAGGAATGACTCACC CAGCCCTGGTTGCATCCTTA 

C[CT]GCATTGCTGCT

A 

C[CT]GCATGGCTGCT

A 0,0 

Oki_RAD87777-48 A T TCGTAAATAAAGCGCGCCAA AGGCTCTAGTCTATCTTGGGT GCCAACAAAGACTT GCCAACTAAGACTT 0,0 

Oki_RAD88551-51 A G GGCTAAGGGCTACGCTAACC TGGCTCCCGAGATTCTGAGA GAAAGCATTTGCAT GAAAGCGTTTGCAT 0,0 

Oki_RAD89259-51 T G GCAGGGTATCTGAGGCACAT 

GGCAAAGAACAGCTATTATGA

CCA TATTACTGAACAAT TATTACGGAACAAT 0,0 

Oki_RAD89374-40 T G TGCAGGCAAGGGAAGTTTAAC CTGGTACTTAAGCCAGCAGGT GTACTTTCCAAGAT GTACTTGCCAAGAT 0,0 

Oki_RAD91362-68 C A GCAGCAGAAGAGGCACAAGA 

ACTGTAGAATTGCTAAAATCC

CACA ATGGCACATATTTT ATGGCAAATATTTT 0,0 

Oki_RAD91430-44 A G TGCGAGGCCCTTCAATGTTA AGTCTCACAACCCCCTCTCT GCTGCTACAAATGG GCTGCTGCAAATGG 0,0 

Oki_RAD91470-66 C A GGACCTGAACAAGTGGAGCT TGCAATGCATGGAACTCCTCA AGGTCACTGCTGAG AGGTCAATGCTGAG 0,0 

Oki_RAD91478-52 T C TGTAGCAGTCTAATGACCGGC GCCTAGTTGCCTGACAATGC CGGCTATAGCTGTG CGGCTACAGCTGTG 0,0 

Oki_RAD91907-38 T G ACAGAGGAGCACATACTGGT 

GGGCAGAAGGTAAGATATCAG

ACT ACTGGTTGTGAGAC ACTGGTGGTGAGAC 0,0 

Oki_RAD92875-31 C T CCAAGAGGGTGTCCATCGAC TCGCCAACCCATCTCAACAT ACACCACGCCGCTC ACACCATGCCGCTC 0,0 

Oki_RAD93028-59 A G GGTGTGTAACCTGTCTGGACA GCCAAGCCAATTAGCTGTGC GCTCACAGAACTCA GCTCACGGAACTCA 0,0 

Oki_RAD94215-66 A G AAGGAGACACGATGGGGAGA CTGCAGCTCCAGATGATCGA GAGGATAAGGCGGA GAGGATGAGGCGGA 0,0 

Oki_RAD94241-30 C G TGCAGGTGGGCAACAAGATT 

CTGTATCTCTGGACCATGCAG

T CAGTAGCCTCTTAT CAGTAGGCTCTTAT 0,0 

Oki_RAD96072-42 A G AGGGCACAGGAGGAGTCATT GCAGTGGGAGTTTGTTGTGC TGAAGGATAAGCAC TGAAGGGTAAGCAC 0,0 

Oki_RAD96498-69 C A CCACAAGGAGTTGCAAGAGC CATAGGGCGCCGCATAATTG GCCAAACGCATCCT GCCAAAAGCATCCT 0,0 

Oki_RAD97325-35 T A TGCAGGGAGCTACAATGGTA GCTCACCTCTCTAGCCCTCT TCTTGGTCAGCTCC TCTTGGACAGCTCC 0,0 

Oki_RAD97993-40 C T GCTGCCCTGAGAACAGAGTT CCTGTCTGTGTGATGAGGTGG TGGTTCCGTAATAC TGGTTCTGTAATAC 0,0 

Oki_RAD98280-45 G C GGTCACGAGTCCTCTTGAGC GGTGTGATGTGGCTGAAACC TTTACAGTTGGTTT TTTACACTTGGTTT 0,0 

Oki_RAD98485-66 A G 

GGGACCTTGACTGTTTAAATT

CAA AGCACATGTGAAAGCCGAGA TATTCTAATTGGCA TATTCTGATTGGCA 0,0 

Oki_RAD99931-47 T C GCTCCAGAGGCTCCCTTTTC CGCTCACTCCCTCCATCAAT TTACCATCAATATG TTACCACCAATATG 0,0 

Oki_SECC22-67 T G 

ACTGTTGAAGACTTGTTTTTC

CCA ACCACTACAGGATGACTACCT TCCCAACTGTCTGT TCCCAACGGTCTGT 0,0 

Oki_afp4-10 T C ACCTTATCACCTCGGACCGA TGAAAGCTTGTCGGGCTCTT ACAGCTCTATGGGC ACAGCTCCATGGGC 0,0 

Oki_arp-105 C T TGGCCATTGACAAAGCAGGT TTGCAGGGGAAACAAGAGCA GCTTGTGCAGTACT GCTTGTGTAGTACT 0,0 

Oki_aspAT-273 C T ATGCTGGGAGAAACAGTGGG CTCCTCTGTAAGGGGTGGGT AGTGGGGCACGGTG AGTGGGGTACGGTG 0,0 

Oki_bcAKal-274 T A ACGGACACCACAAGTTCCC 

GCAATCAAACTAAGGCCACAC

A AGTTCCCTTACTAC AGTTCCCATACTAC 0,0 

Oki_ca050-17 A C AGCTCAGTAAATCTGGTCCCA 

TGGGCAGTTTGAAGACCATAC

T TTTAGTCATACAGA TTTAGTCCTACAGA 0,0 

Oki_gdh-189 T A 

CCTGTGTTGAAGTGGAGTAGG

T 

GCTTTATACTGTAAGTGGACT

GACC .ATTTTTTTCTGTA .ATTTTTATCTGTA 0,0 

Oki_gh-183 A G ATGTGGTACTGGCTCAAAACT TGCAGTAGAGCATGCTTGGT CATCAATACAATTT CATCAATGCAATTT 0,0 

Oki_gshpx-152 A C 

TGTAGTTTTGTCGCAGTTGTT

G 

GTTTCAATGATGAGTCCCAAA

AGT TTGCAACATTGTAG TTGCAACCTTGTAG 0,0 

Oki_hsc713-56 C T 

TGTGTTCTACCCTCTTGTGTC

TG 

TCAAATTTCACTCCTTGACAA

GTCA TGAGTCTCGTGACT TGAGTCTTGTGACT 0,0 

Oki_hsc71p-313 T G 

TGAACTGTGCCATGTAGTAGG

T GGGGCAGGCATAAAAGTAGA TGGTTATTAACTAC TGGTTATGAACTAC 0,0 

Oki_hsf1b-85 C G GACCAGGACCCTGAAGAGGA TAGTTCGGGCTTGTCTGGTG AGAGGACCCTACCA AGAGGACGCTACCA 0,0 

Oki_hsp90B-83 A T GAGGGGGCGAATGAAGGTC TCATCGATTCCTGGAGGGGA GAAATGTATGCTGA GAAATGTTTGCTGA 0,0 

Oki_itpa-85 G T ACCACACTCCGTCCTCCATA AGCGACTTGACTCTGAACAGA TAAATAAGTTGTTT TAAATAATTTGTTT 0,0 

Oki_nips-159 G T TCTTTCCTGTGTCGGCATCA TCCAAGTCTGGTTAGAGCCCT TCAAAATGACATGC TCAAAATTACATGC 0,0 

Oki_parp3-19 - T 

AGCTTTGCCTCTAGACTTGTG

T ACCTTGAAGATCCATCCTGGC CCAATTTAAAGCC CCAATTTTAAAGCC 0,0 

Oki_pigh-33 T A ACCGCATACCAAGTCATGCA 

TCATCAGTTTTTCTTTCCATT

GGGA GTTAACATTTCCCA GTTAACAATTCCCA 0,0 

Oki_pop5-265 G T AGAAAACCATGAGGCTCCGG CAGCTGCATTGAAGCACCAG TACTCCTGGAATAG TACTCCTTGAATAG 0,0 

Oki_rbm4b-129 GAT - 

ACGTCCTTGATATACTGTAAC

GTGT TAACGTGCTGCAGCTTCCAT GTGTCATGATACAA GTGTCATACAA 0,0 

Oki_sast-230 A G 

ACAGTAGTATCTATGCCTTTG

AGCA 

CGCATTGGCTAGATTCACATG

G AAGTAGTATTTGTT AAGTAGTGTTTGTT 0,0 

Oki_srp09-107 A G AACGGAAGAGAACGGAGCTG GCAGCGAAGGTTATGCTCTC TGAGAGGAGAAATC TGAGAGGGGAAATC 0,0 

Oki_sys1-141 T G TGGAACATTGCACACCTCTCA GCAACCAGCACCATTTCAGT TGGAAATTAACTGA TGGAAATGAACTGA 0,0 

Oki_taf12-40 - T 

GTGTGTGATTTGTCAGCTCCA

C GAGTGTGTGATTTTGGCCAGT CCTTTTTAATGCT CCTTTTTTAATGCT 0,0 

Oki_thyK-100 T G CCACCCTGCAACTCTGATCA CCAATCCAAGTCAACTTCCCC ATTACCATTAGACT ATTACCAGTAGACT 2.2,0 

Oki_txnip-35 C G GGCAGGACCAAGGTCTTCC GATGGTCTTTCCCTGCCAGG AGCTCTCCTCTGTG AGCTCTCGTCTGTG 1,0 

        
O. nerka GT-seq panel (93 loci) 

        

Assay: A1: A2: FWD: REV: A1-Probe: A2-Probe: 

Allele 

Corrections: 

One_ACBP-79 G A GAGGTGTGGGCTGACCA TCGACCGCTGGCAGTG 

CAGAGGTCATGGTTCT

A 

CAGAGGTCATAGTTCT

A 0,0 

One_agt-132 A C 

GACCCAGATCAACAACTTCAT

CCA 

TGGTTGAGCTAAGGTCCTTGA

AC 

ACAGGAAAATCACGAG

CCT 

CAGGAAAATCCCGAGC

CT 0,0 

One_aldB-152 A G 

CGATCAGGTGACGCTAAAATT

AACTC GTGGCTTCCTCTTCACTCTGA CTCAGGCATTACCTTC CAGGCATCACCTTC 0,0 
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One_apoe-83 C T CGCCATGGACAAGGTCAAG GGCACAGTGCTTCCAAACC TTTAGACGGCGGTCTC 

ATTTAGACAGCGGTCT

C 0,0 

One_c3-98 C T 

GAGTGTGGAACTGGTTCTTGT

TG GCCGGCAGGGCATCA 

GTTGATGGACCACCTG

GTGG 

TTGATGGACCACTTGG

TGG 0,1.65 

One_CD9-269 C T 

ACGCTCTGAGGTGATATGAAA

CAC 

CATCCGACGTCAACATCCAAA

C TGGAATGGAGAAATC ATGGAATGAAGAAATC 0,0 

One_cetn1-167 A C 

CAGAAATCCTGACTGTTAAAA

CAATGCA 

CTGCTCGTTGATCTCTCCATC

TC 

TTGACGAAGCAGACCG

A 

TTGACGAAGCCGACCG

A 0,0 

One_CFP1 C T 

CGCAGGTCAAAGTAGTACTTA

GCAT GAGCGTCACTTCCTGGAACTT TGCAGTTCAACATCAA 

CTGCAGTTCAATATCA

A 0,0 

One_cin-177 C T 

CCTCAGACTAGTGACCGTACC

TA CGCTCACCGTGGTTACGT TCACGCACGGGACAG CACGCACGGAACAG 0,0 

One_Cytb_17 A G 

CCTGGGAGATCCAGACAATTT

TA 

CGTAAGCGAAAAGGAAGTATC

ACTCT CAACCCGCTAGTTAC AACCCGCTGGTTAC 0,0 

One_dds-529 A G 

CATAATGCTCCCCATCTTGAA

TTGG CACTCAGCCCTTTAGGGAAGA AGCAATCCCATCTCTC AGCAACCCCATCTCTC 0,0 

One_DDX5-86 C T 

CTCCCACATTGATCTGGACGT

A TGCCACTTGGCCCAAAGAG 

AGGACTTCCTGAAGGA

C 

AGGACTTCCTAAAGGA

C 0,0 

One_E2-65 C T GTGGCACCCCCTTTCTCT TGCAAACCTCAGTGGAGAACC 

CATTGTCCCTAGGAAA

G ATTGTCCCTAGAAAAG 0,0 

One_gdh-212 C A 

CCTGTGTTGAAGTGGAGTAGG

TTAA 

GCTTTATACTGTAAGTGGACT

GACCTT 

ATCTGTTACCAGAATG

TTT 

ATCTGTTACCATAATG

TTT 0,0 

One_GHII-2165 T A GGCATCAACCTGCTCATCGA TGCACAAAGTGCGGCAC CACAAATGGAAATTGA CACAAATGGTAATTGA 0,0 

One_ghsR-66 A T 

TGTAACAATACAAGGATAATG

CAAATAATGTAGGT 

GGTTATTAGGTTACTGTGCTG

ACTGT 

AGGTTAAGCTGTGTAT

AAGT 

TTAAGCTGTGAATAAG

T 0,0 

One_GPDH-201 T C 

GAAGCTGATCCTAGACCTGTA

CCTA 

TGGTATGATGGTGCTACTGGA

AGT CTTCACCCCTGGAGCC CACCCCCGGAGCC 0,0 

One_GTHa A G 

CAAGAAGAATCAAGAGAAAGA

GAGATGGT 

CCTAGTGTCATGCACATAACG

TGTA 

CAAGAACTAGAATGAA

ACAGA 

AAGAACTAGAATGGAA

CAGA 0,0 

One_HGFA-49 A T 

ACTTGCTACTTCAGGGTTTTT

GTGA 

TGGCAGAACAATTCCTCAATG

CATA 

CTAAAGCACCATGTTG

C 

ACTAAAGCACCTTGTT

GC 0,0 

One_HpaI-99 C T 

CCTGAGTTGTGTTCAATGGGC

ATAA 

TGGGTCATGTTCATTAGAGCA

CAAA 

AACGGAAGAAACCCCT

CAA 

AACGGAAGAAACTCCT

CAA 0,0 

One_hsc71-220 C A 

ACAGCGAAACTATTGATTTAA

GGCTCAT 

CGCAGGTAAATCACTGATCAT

GTTT ATTGGCCACAGCGC ATTGGCAACAGCGC 2,0 

One_Hsp47 A G 

CGTTCAAATAAATGCTGTTTG

GCCTTT 

GTGGTGTTCGGATTTTTCCTG

AAA 

TTATTGACTATGGCAC

ATTG 

TTGACTATGGCGCATT

G 0,0 

One_IL8r-362 C T 

TTGCTAGAAGCGTTGGTTATG

ATGA 

CAGCAAAATTGAGAAGTCACT

AGGAAAA CAGCCAAAGAAGAGTC AGCCAAAAAAGAGTC 0,0 

One_ins-107 C T TTGAAATGAATGTGAAGGCA GAACCCTGCAAGAGGAGAA 

TACAGTAGTCCATACA

ACATA 

ATACAGTAGTTCATAC

AACATAT 0,0 

One_KCT1-453 G T 

GGGAAAGTATGCTGTGGGATC

AG 

GGTTCCTCAGTGAGTGTTCTC

TATG 

TGGTCAGGGTATCGCC

ATA 

TGGTCAGGGTATCTCC

ATA 0,0 

One_KPNA-422 A G TGGGCCCTGGGAAACATC 

CCATAGCCACTTTCGATACAG

GTAA 

CTGGTATGAGAAGGCA

CA 

TGGTATGAGGAGGCAC

A 1.3,0 

One_LEI-87 A G ACAGCGCATCCCCATAATGG GCCTTTGTGGAGGTCAACGA ACTCGCCACCTCTGT TCGCCGCCTCTGT 0,0 

One_lpp1-44 C T 

GGTCCAATAGGGAGCTCAGAC

A 

GGGAATGAACCAGACATGTGA

ATG 

TTGTGCTTTCCTGACC

TAT 

TTGTGCTTTCCTAACC

TAT 0,0 

One_MARCKS-241 T A 

CCTATCACAGCTTGGTTGAGT

TCAA 

TCCACCCGCTCATTTTTGTAA

GAT 

TTGCTTAAAAGGTCTT

CC 

TTGCTTAAAAGGTCAT

CC 0,0 

One_metA-253 C G 

TTCTTATCGCTGGTGGCACTT

T 

GACCAAAGACTATTTAGTTGC

CACCTA 

AGGCAATTGAGGTTAA

T 

AGGCAATTGACGTTAA

T 0,0 

One_Mkpro-129 A G 

TGACGTATGTGCAATGCATGT

CTAT 

AGATGAAGGACATGGCTGAAA

ACAT 

ATGCATATACATGTAA

TATAT 

TGCATATACATGTAAC

ATAT 0,0 

One_ODC1-196 C T 

CCGAGGTGGGATTCAACATGA

C 

TCAGATGGTTCATTATGACAG

CAACA CCACCTCCGATGTCC CACCTCCAATGTCC 0,0 

One_Ots208-234 - A CAGCCGACATGCATCAGTTA TGACCCCATGTTTCATGCT 

CACACGTTACATCAGA

TAACT 

CACACAATGTTACATC

AGATAAC 0,0 

One_Ots213-181 T A 

CCATAGTGTATCACACAATAC

TCATGTCT 

TCTATCATCTGCAAATCTGTG

TACTAGACT 

CTTTGAATTAAAAACA

TTTTT 

CTTTGAATTAAAAACT

TTTTT 0,0 

One_p53-534 C A 

GACAATCTTAAAGCGGTGGTC

TTG 

AACCTTTATCAGCCATCATCC

AACT ATGTCCAAAGATCTGG 

AATGTCCAAATATCTG

G 0,0 

One_pax7-248 C A 

AGTAAAGGTAGTGATGCAATG

ATGCA AACCGCATAGGACGTAAAGCA 

AATTCAAAACGAAATG

TG 

TGAATTCAAAACTAAA

TGTG 0,0 

One_PIP_3 C T 

ACAGAGTCAGGACTTGATATG

TACAGA 

CCTGACGAGGGTCTACTACAC

T 

AACACACATTTCTCAA

CACA 

ACACACATTTTTCAAC

ACA 0,0 

One_Prl2 G T 

ACCTCTCTCTCTCTCAGGACT

CTCA 

GAGGAGGTGTGACACATAGAT

GGA ACCAATGGGACGAGTG CCACCAATTGGACGAG 0,0 

One_psme2-354 A G 

TGGTCCTTCAGGTACTTTTCA

GAGA 

CAAATGCCAATTCTCACCACA

TGA 

TGATGCAGTAGCTAAA

G ATGCAGTGGCTAAAG 0,1.8 

One_rab1a-76 G T 

TCGCCATATTCTCTCTCCCTA

TCC 

ATCCACTCAGACCCATATCTA

CCAA 

TGTGGAGCAAGGTAAC

T 

TGTGGAGCAATGTAAC

T 0,0 

One_RAG3-93 C T 

AGATAAAGATGGTTTCAAAGT

CACCCA 

GGGCTGCCATCTAAAAAATAT

TGCT 

CATTTTGGACTTCGGG

ACC 

CATTTTGGACTTTGGG

ACC 0,0 

One_redd1-414rd A G 

GTTGGCTACATCCTAAAACAC

AATGG 

CAGCCCTGGAGTACTGAATCA

G 

CCTAAGTCAGTCACTG

TAG 

CCCAAGTCAGTCACTG

TA 0,0 

One_RFC2-102 A G 

TCCAGGAGCTGCATTTTGAGT

TAAA 

AAGGTGGATGACAATGTGTTA

GTGT 

ATCACGTTGTATTTCT

TT CACGTTGTGTTTCTTT 0,0 

One_RFC2-285 A T 

GGATGAGGCTGACAGGTAAGT

C 

ACAGTCGTTATAGGTACAGGT

ACACT 

CACGACATCTAAGCTG

AA 

CACGACATCTATGCTG

AA 0,0 

One_RH2op-395 G T 

GCTGCTAGGTCAAACTCGAAG

AG 

CAGCCTTGTTCAACCCCATTA

TCTA 

TGGGAACATCATTTTT

TAA 

TTGGGAACATAATTTT

TTAA 0,0 

One_rpo2j-261 G T 

GATTCTGAGATCATACAGTGG

ATTGGT 

GCTTGTCATCTTTCAGCACAT

ACCTA 

CACATGTTTTACTCAT

TTGA 

CACATGTTTTACTAAT

TTGA 0,0 

One_sast-211 G T 

TGTACTTAGTCCAATAAGCAT

TTCAACAGT 

TGGCTAGATTCACATGGTCAA

CAAA 

CATCATTTGCATTATT

G 

CATCATTTGAATTATT

G 0,0 

One_spf30-207 G T 

AGCATTTCAGTTTTGTACATT

TACAGTAAAACA 

ACCTACTCGTAATTTCAGGGC

AAAA 

AGGGACATCTTACCTC

AAAA 

AGGGACATCTTACCTA

AAAA 0,0 

One_srp09-127 T A CGGAGCTGGAATGACGACAT 

AGGTTCAGCAAATCCCTCTTT

AGAG CAGCGAAGGATATGCT CAGCGAAGGTTATGCT 0,0 

One_ssrd-135 - T 

TGGAAACTCCTAGTGTACTTC

ATTCTCA 

CGTTCCACGCTCCCTAGAATA

GA CTGCGGCTTTGTCTTG TGCGGCTTTTGTCTTG 0,0 

One_STC-410 T C 

CAACACAACATCAACATCATT

AATAAACATTCTG 

AACATCCCCGTTTTGACCACT

TAT 

CCGATGGGTATATTAT

TATA 

CCGATGGGTATATTGT

TATA 0,0 



 42 

One_STR07 G C CACACCTGAGGCACAAGCT 

GTATGTCTACCAGAGAGGTCA

AGGA ACGCACACTGTCCTT ACGCACACTCTCCTT 0,2 

One_SUMO1-6 C A 

GCACAAGCCAAAAAGTTTTCT

CCAT 

GGACATAGTTGGAGGCAGACA

AAA 

CAAGAT[AT]GAAATT

GGTTTGC 

CAAGATTGAAATTTGT

TTGC 0,0 

One_sys1-230 T G 

CTACCTGTCTAACAGTGAATG

CTAACTT 

TGAAACCATTAAGCTCTTTGT

AGGACAA 

CAAAGCAAGTGATATA

TTAGTG 

AAAGCAAGTGATATCT

TAGTG 0,0 

One_taf12-248 G T 

ACCTTCAATATGGTGGTGGTT

ACC 

ACTAAACGCACAACAGCAAAC

G 

CCAGACAAAATCAAAT

TA 

CCAGACAAAATAAAAT

TA 0,0 

One_Tf_ex11-750 G A 

AGCAGGTGTAAGCATGTGTAC

TT 

CCTGCTCTGCCTCAACAATGT

TAA CAGGGTCGCTGCAC CCAGGGTCACTGCAC 0,0 

One_Tf_in3-182 A G GCCCTTAGCACTTCAGTTGCA 

CAGACAGAAACCATTTGATCC

GATTC 

AACAGAAAGTCTACAC

TTT 

ACAGAAAGTCTGCACT

TT 0,0 

One_txnip-401 C T GCCAGATCCCTTCAGTTGGA GGCCATTTCAAAAGGCTGCAT 

TGACTGCACTAGTTTA

GAC 

TGACTGCACTAATTTA

GAC 0,0 

One_U1003-75 C T TCACGAGCCCCAGTCAGA 

CGGGTTTCGGTGGTTTAGTAT

TCTA 

AGAGACTACTTCCTTT

TTG 

AGAGACTACTTCTTTT

TTG 0,0 

One_U1004-183 A G 

GGTGTGACTGCTGTGTTTAAT

TGC 

ACCATCATTACACAGCAATTC

TGAGT 

AAGTTCCCTGTATTTC

TT TCCCTGCATTTCTT 0,0 

One_U1009-91 A G 

CTCTGTCCTTGAACTGTTGTC

TGTT GCCGCTGCTACTCTTCCT 

CATGTTCTGTATGGAC

CC TGTTCTGTGTGGACCC 0,0 

One_U1010-81 A G CAGCCCCTCGAGGTAACTG 

GTTGAGACAACAAAACGTCTA

CTGT 

CACACCAACGTTATGT

AGAG 

CACCAACGTTGTGTAG

AG 0,0 

One_U1012-68 C T 

TCTATTACCATACAGGCCCAG

TACA 

CCTTTTGTGTCTTCCAGTCAT

GTGA 

TGACGGGTGTTCCTGA

TAA 

TGACGGGTGTTCTTGA

TAA 0,0 

One_U1013-108 G T TCTGTGCTCTCCTCCAGGAT CGAAACTGAGGAGTGCTCTGA 

ACGGAATTCCTGTTGC

CCT 

ACGGAATTCCTTTTGC

CCT 0,0 

One_U1014-74 C T TCCCCTGCAGCAACTGTTTT GGCAGAGACGGCATCCT 

TTGACCTGCGCCAGTA

T 

TTTTGACCTGCACCAG

TAT 0,0 

One_U1024-197 G T 

CTGAACTGATCTACCGCTCTG

T 

GGAACAGATACTCCAGGAGAG

ATGA ACCTGACCCAACAAA ACCTGACACAACAAA 0,1.4 

One_U1101 C A 

CTATGACATGTTTATTTTAAT

TAGCCACCAACT 

AGTATAGCTAGGGAACCTTTC

GATCTT 

TGGACGTATGTCATAT

TT 

TGGACGTATGTAATAT

TT 0,0 

One_U1105 T A 

GCCTTAATAGTGTCTTCTGAT

CCCTTT 

CCCTCTGTTGTCCAGACTCTT

AG 

CCTGTTTTTTTTAAAA

GAC 

TCCTGTTTTTTTTTAA

AGAC 0,0 

One_U1201-492 A G 

GCTTATGACGGAGAAGAGATG

CA 

AGGATACTGAAGCCCAGAGAC

A 

AAGACTTCCTCCAGGC

TC ACTTCCCCCAGGCTC 0,0 

One_U1202-1052 T C 

CGATTTGAGTCTCCAATGGTC

TCT 

ATTCCTATGGTTAACATCAAT

TCTATAAAGTCAT 

CAAACTTTTTCATCTA

CATTTA 

ACTTTTTCATCCACAT

TTA 0,0 

One_U1203-175 G A CCCGGAGACATACTTGATGCA GGAGGACCTGCAGGATCAC 

CCATAGTTGCTGGGCT

T 

CTCCATAGTTACTGGG

CTT 0,0 

One_U1204-53 C T 

GTAAAACCCTTCATGTTGGCC

ATT 

CTCCATGTCTGAATGTCCCAT

CA 

ATGCATACACGCTGAT

GC 

ATGCATACACACTGAT

GC 0,0 

One_U1205-57 A G 

AGTAAATGGTTATTCACGTAA

CGGATAAG 

CAGGACAGTTCCACATTCTAA

CAGA 

AGTTATCATGGTCATC

TCT 

AGTTATCATGGTCGTC

TCT 0,0.8 

One_U1206-108 G T 

CTGAGATGGTGCTTTCTGAGG

ATA 

TGGATGAAAGGGAAATTCTGT

CAACA AACATTGAGCTTCCC 

ATAACATTGATCTTCC

C 0,0 

One_U1207-231 C T 

GGCCAAACTGACAGGGATCTA

TTAA 

GGGTCCAGTCTGTACACCATC

TAT 

ACATTCCTTGGCATTG

C CATTCCTTGACATTGC 0,0 

One_U1208-67 A C 

ACTTGAATGTCTGTTTCGTAG

GTGAT ACACAGTTGACAGTGGAGCAA 

CCCAATGTGATTGTCA

C CCAATGTGCTTGTCAC 0,0 

One_U1209-111 C T 

GTCACGTAATCACGAGAAAGA

TACTAAATGT TCTGCGTCTCCAGAGAGGTT 

CTCACATCGAGATGAT

C TCACATCGAAATGATC 0,0 

One_U1212-106 A G 

CGTAATGACCTACCACCATAT

CAGT 

TGGCATGACTTTAACAATTCC

CAAAAAA 

TTTTGACATACAAAAA

ATA 

TTTGACATACAGAAAA

TA 0,0 

One_U1214-107 A C 

CCAAATGTACTCCATGTTGGT

TAGC 

TGCCTGAGTATTAAGCTATAT

CATTGAAGTTTT 

TAGTGACCTATTAAAT

TGC TGACCTATTCAATTGC 0,0 

One_U1215-82 A C 

GTTGCTTGGTTTCGTTTGGAG

TAG 

CTCCAGAAGAGGAATACCACA

GTTC 

AATGAGACAAAGTATT

TGGT 

AATGAGACAAAGTCTT

TGGT 0,1.9 

One_U1216-230 A T 

TGGGATCGGACGTCAATAGAT

TTC 

GTAATACAGAGTGAGCGTGAT

ACATTGT 

CCTGGCTACTAAGTAA

C CTGGCTACAAAGTAAC 0,0 

One_U301-92 T G 

AGCCAGTAGCCGATAATGTTT

GTC CCCCTCCCAAATTGCTAGCT 

CCATGGATTAAAATAT

TT 

CCATGGATTAAACTAT

TT 0,0 

One_U401-224 C A GGGTGGAGACGAACGGATTC 

GTACGATTTTTTTGTAGCCCC

AAGT 

CACCTGGAAAGGACTG

A 

ACACCTGGAAATGACT

GA 0,0 

One_U502-167 A G 

GCTTTTGTGCAATAGCTATGT

TGCTTA GCAAAGGTAGGCAGCAGATTG 

CTTCTTGATCAATAAC

G 

CTTCTTGATCGATAAC

G 0,0 

One_U503-170 T G 

GATTCAGAATTGCCACGACAA

AGAA 

GTGATTGGTACATGTCTGTCG

AGTT 

AAGTACTAAAATC[AT

]GTTTTACATTG 

TACTAAAATCAGTTGT

ACATTG 0,0 

One_U504-141 C A 

GCTATAGCTCACAGAGGATCC

CA TATTGGCGGGTGAGGGATG TCAAGGACACAAACAA TCAAGGACAAAAACAA 0,0 

One_U508-533 C T 

AGGCACAACCTCACATTTGGA

A 

CTCAAAGGGTCTGAATACTTA

TGTAAATAAGGT 

ACACTACAGCCTTATT

C 

ACACTACAGCTTTATT

C 0,0 

One_UCA-24 C T AACTCTGCGTCTGTCTGCTT TGTCCTCAGACCCAGGGAAA CGAACAGGGCTGGATG CGAACAGGACTGGATG 0,0 

One_vamp5-255 C T 

GGTTGACTTTTCTTAACTTTT

TAATCTGTGATATTGT 

GCTGAGCTAGTGATGGTACCA

TTT 

TAGGCTCCGTGCTCAG

T 

TAGGCTCCGTACTCAG

T 0,0 

One_vatf-214 C A 

TCATTCCTTTGCCTGGAGCAT

T 

GGCATACAGCAAAACAATTCA

ACCA 

TGGTATTACTGTGCAT

TGAC 

ATG[CG]TATTA[AC]

TGTTCATTGAC 0,0 

One_VIM-569 G A 

TTCTGGGTGGACTCATTGATC

AC 

ATGCGTTATACCTGTAATCTG

CAAGT 

AAGTGTTTCCATACTC

ACTATA 

AAGTGTTTCCATATTC

ACTATA 0,0 

One_ZNF-61 C A 

CCATTCATGTTCTATTCAGAT

ATATTTTGTGCA 

CCTAGCTAGAGCTCAACAATA

TGCA 

CTATGGACATGATCTT

T 

TTCTATGGACATTATC

TTT 0,0 

One_Zp3b-49 C A 

TCCTCGTGGTTATAGTTATAA

AGATGTCAGT TTGGCTCTGCACTCGGTTTA AGGCCCAATCCTT AGGCCAAATCCTT 0,0 

        
E. tridentata GT-seq panel (308 SNP loci) 

        

Assay: A1: A2: FWD: REV: A1-Probe: A2-Probe: 

Allele 

Corrections: 

Etr_1004 A T CGCCCAGCGTGTTCAC CGACCGCTTTCTCTCTGCAAA TGCGATTAACGGTTCC TGCGATTATCGGTTCC 0,0 

Etr_1007 C T 

ACACGAACACCCAAAAGTGAT

GT 

ATGACTACTGACGATTCCCAT

TGAC 

CACTCATCAGCGAGCC

T 

CACTCATCAACGAGCC

T 0,0 
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Etr_1022 C T GCACGAAAGCACTGAAGCT 

TCAGGAAGGTTTTGCATTGAT

ACCA 

TTTGGTCTGGTGATCT

G 

ATTTTTGGTCTAGTGA

TCTG 0,0 

Etr_1034 T G CAGCAGCAGAACCGAATCCT ACCTTTGATGGTCCATGGGG CCGAATCCTTGAGCTG CCGAATCCTGGAGCTG 0,0 

Etr_1060 A G TCGCACGCACTCACGTTA 

GTGAAGTCCGTCGTCTTACCT

TTT ACTCGCCACATTGC CTCGCCGCATTGC 0,0 

Etr_1068 G A GGGCCCTGGAGGGTCAC 

GCACACGCAATACAAAGATTC

CT 

CCTCAACAGACTCTTG

G 

CCTCAACAGATTCTTG

G 0,0 

Etr_1104 A G AGCAGAGGGGGAAGAGGAAA CCACTTGAGCTGCAATGTTGA GGGAATGACAACACAA GGGAATGACGACACAA 0,0 

Etr_1106 T C 

TCCCTAGTTCTGAGAAACCCA

G AAGGTCGCATCGTCAGTGTT 

GAAACCCAGTAGAATT

A 

GAAACCCAGCAGAATT

A 0,0 

Etr_1131 C T TTAACGGCGTGCATGCATG AAACTGGTGGAAAAATGTGGG GAGCTATCTCTGCAGA GAGCTATCTTTGCAGA 0,0 

Etr_1163 A T TGCAGGAACGCGTAAAC 

TCTGACGCTTGTATGGAATCT

GTTC 

TGCAACCGTGTTTATA

GAG 

CAACCGTGTTTTTAGA

G 0,0 

Etr_1181 G A AGTCGACCACCTTGCTGAAGC GGGCAGCTGTCCCGTTT 

CACTCCACAGAAACGG

G 

CACTCCACAAAAACGG

G 0,0 

Etr_1184 A G CTTGCAGACCCAGGCGAC GCTGTCTTTGTTTTTCGGGGT 

CCAGGCGACATGAGCT

C 

CCAGGCGACGTGAGCT

C 0,0 

Etr_1187 C G ACAAAAGCTGTCTGGCCTGA CAAAGGACCGGGCTCTGTC GCTGCAAATCT GCTGCAAATGT 0,0 

Etr_1188 C T 

AGTCTTCCGTTGCCACCTTTA

AAA CCAGGGACGCCATCCAT CACACAACCGCTTTTA CACACAACCACTTTTA 0,0 

Etr_1193 T G AGCTACACTACTTTGGTGCGT CTCCATCCAGCAGTGGGATT GCGTTTTATTGACTG GCGTTTTATGGACTG 0,0 

Etr_1210 G A GAAGGAGCTCGAGTCGAGAG 

GACACCGTAGAACTACCATGC

A AGGCCGGCTCCTG AGGCCAGCTCCTG 0,0 

Etr_1238 A G GATCTGGCAGAAGGCAAACAG AGATCTGGACGCTTGCAAGAC 

CATAACGGTGAAGCGA

C 

CATAACGGTGGAGCGA

C 0,0 

Etr_1257 C T GGCAAACGACCGCATCAAC CACGAGCGGGTCCCT 

TGCGAAGTGATGCTGA

TAT 

TTGCGAAGTGATACTG

ATAT 0,0 

Etr_1321 G A GTGGCGGACGCATTCAAG GCGTCGTGCGAGGATGA AGCCTGCGCAGACC AGCCTGCACAGACC 0,0 

Etr_1341 C T 

TGCAGGAATAACATTCGAATT

TCTACTC 

GACATGACAGTCGCTAGATTC

CT CCAACCGGCGATATG TCCAACCGGTGATATG 0,0 

Etr_1349 G C CGGTGAGCAGCCTCTGG 

GGTGAAACCCCTTCATTGTGT

GA CCTGGGTTCAACCC CCTGGCTTCAACCC 0,0 

Etr_1359 T A CTGTATTGGTTGCTGTCGCA GTCACTTTCAATGCCCGCTT TCGCAGACTTGCG TCGCAGACTAGCG 0,0 

Etr_1376 C A GCAACTCAGGTGGGAAACG GCGGTCCAGATGAGATTCCA 

CTGCATGTTCTGACAC

TG 

CCTGCATGTTCTTACA

CTG 0,0 

Etr_1378 G C 

ACACAAAGACTGGAGCAAATG

G CTCCCATAGGCTTGCTCGAG 

TCGAGATGTGGAAAGC

C 

TCGAGATGTCGAAAGC

C 0,0 

Etr_1383 G A GGAGAGGACAGGTCCAAGGT CGTAGAGCCTGCGAAAGTGTT TCAAGCCGAACGTTG TCAAGCCAAACGTTG 0,0 

Etr_140 A C 

TGCGGTGGTATCTATACGACG

AT ACACACACCAAGTACCACT 

AACACAGTTGTCACTG

CT ACAGTTGGCACTGCT 0,0 

Etr_1428 T C 

CAGCAGGGATATCATCACCTT

CTT ATGGCACGGGCAGAGAA TTGCGGTCATGATGC TTGCGGTCGTGATGC 0,0 

Etr_1507 C T AAGGGACAATCTGAGAGCGC CAAACCCGGACAGTGGCAA 

ACGGCAGCGCGCGGGG

C 

ACGGCAGCGTGCGGGG

C 0,0 

Etr_1509 A C CCACGGGTGGGTATGCATAT CCGAGGCCTAATTCACACCA 

TATATGTATATCTCCA

C 

TATATGTATCTCTCCA

C 0,0 

Etr_1522 T C 

TTTGCCGTGCTCATGTATCTA

CA GACCCTGCGGTGATCACA CGCGATCCTCACCGC CGCGATCCCCACCGC 0,0 

Etr_1548 T C GCCCTAGCTATTAATGCCGGT CTGGCACACAACGGCCTA ATATTGCACTGACT ATATTGCACCGACT 0,0 

Etr_1551 C G GCGTAGAACAACAGGCCCTA ACCCGGCTGTACCTGAGATA 

CTACAAACCCCCGGCA

A 

CTACAAACCGCCGGCA

A 0,0 

Etr_1556 A G AGCGCACATGGCTGGAG GGTGCTCTGGATCAGGAACC 

TGGCTGGAGACGCTGC

C 

TGGCTGGAGGCGCTGC

C 0,0 

Etr_1561 A G GTCGAAGAAGACGCCAAAGTC TCGCCTTTTCTTAATGCGCG 

GCCAAAGTCACGCTGT

T 

GCCAAAGTCGCGCTGT

T 0,0 

Etr_1567 T A TTGCACCACCTCCTTGCT 

GTAATGGTGGGACAATGCAAA

GG ACAGTTCGAAAGCCAG ACAGTTCGTAAGCCAG 0,0 

Etr_1569 A T CGGGGTTGAAGCAGTTTCCA AAGTCACAACTCTCCTGGGT 

TTGTTGCTGATTTTAT

T 

TTGTTGCTGTTTTTAT

T 0,0 

Etr_1589 G A TGTGACCGCGTGAGCAGCA CTTTGACTCCGTGCGTCTCT AACCGCAGGACACACA AACCGCAGAACACACA 0,0 

Etr_1613 C G CGCTTACGACCCAGTGCATA TTTACTGGTAGCACGCTCGT CCCCTGCCACCGTCC CCCCTGCCAGCGTCC 0,0 

Etr_1625 T C GGTTCACGGTCTCCTCCATC AGGATGTTCACCTGCCACG 

TCCTCCATCTCAATCG

A 

TCCTCCATCCCAATCG

A 0,0 

Etr_162 T C CGAGGCCTTCGCTGAGAA 

CTGCGGTGACATGAAGTTGAA

T CTGACCCCAACGACC TCTGACCCCGACGACC 0,0 

Etr_1667 A C 

CGACACGGCACATCATTATAA

GG AGGTCAGCAAGGTATTGTGGT GTTATTGCCACAAATT GTTATTGCCCCAAATT 0,0 

Etr_1684 T C GAGGAACCTGCGGGAGAAG TGTGTTTGCGTGGAGGAGATG 

TGAGAGCCTTTCCATC

GC AGAGCCTTCCCATCGC 0,0 

Etr_1696 G A CCGTGTAGAGGTGGACATAGG TGGCCATCTGCATGTTGGT CCCGCGGCCGCC CCCGCAGCCGCC 0,0 

Etr_172 T C CTCACGCTGCCCCCAGG TACACGAGCAGCTCCTCCTT 

TGTCCCCTATAAGGAG

G 

TGTCCCCTACAAGGAG

G 0,0 

Etr_1762 A C TGTCACCAGAACCCCCTCTC CACCCTCCCTGAGAAATGCC 

CCCCCTCTCATCTGGG

G 

CCCCCTCTCCTCTGGG

G 0,0 

Etr_1765 C T CGCACCGATAACTAGAGCGA ACCAAAAAGAGGGGGCTCAA 

TTGGAGTCCCAAGCAC

G 

TTGGAGTCCTAAGCAC

G 0,0 

Etr_1773 A G GGTCTGGCTGAACGACAATT CAAACACATGGTGCCACACA 

TTCACTGAAAACGTGG

T 

TTCACTGAAGACGTGG

T 0,0 

Etr_1795 C T CAGCGGGTGAACGTAGCTAC ATTCAACACCTCGCCACCAT 

GCGAGATCCCAAATGG

G 

GCGAGATCCTAAATGG

G 0,0 

Etr_1806 A G GTAATGGCGCTGTCCGTTTG 

CGAGTACTACTCTGGCCATGT

AG 

AACACTGACAATATCT

AAAG 

CACTGACAATGTCTAA

AG 0,0 

Etr_181 C A GAGCGGATGGGCGACTT GCGCGCAGCACACA 

TCTCATCTCTCGCCTG

CT 

CTCTCATCTCTCTCCT

GCT 0,0 

Etr_1834 G A 

AGCAGTTGATACGCGACGATG

C GGATGTTGCCTGCTCGTGA 

CGGCGAAACGTTCGCT

C 

CGGCGAAACATTCGCT

C 0,0 

Etr_1843 C G TTACGGCAGCAAAAACAGCC GCCCTGCTGAGTTTCAATGC 

GTGCGACCCCAACGAA

A 

GTGCGACCCGAACGAA

A 0,0 
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Etr_1848 G A 

ACCGAATAAAGTGTGTCTAGC

A TACACTGCACACCCACACTC 

TCTACATATGCATGTG

G 

TCTACATATACATGTG

G 0,0 

Etr_1857 G T CTGCTGTTCGCCGTGTGT GGAGATGATCTGCATGCAGC 

GGTCTCCGTGGCTGTG

T 

GGTCTCCGTTGCTGTG

T 0,0 

Etr_1875 C A CGACTTCCACATTAGCACCG 

GTGCATTATTCCAGCATTGCC

T 

CACCGAAGCCCAATAT

C 

CACCGAAGCACAATAT

C 0,0 

Etr_1882 G T TGCTCTGCTTTCCACAGACG GGGTTTGGCCACGTAATGATG 

GGCGCGTTAGGATCTA

C 

GGCGCGTTATGATCTA

C 0,0 

Etr_1894 C T 

ACAGATTCTGATTCTGAACAT

GGGA TTACTTGGTGGGCAGCAGAG 

ATTTTTCTGCGATGTC

C 

ATTTTTCTGTGATGTC

C 0,0 

Etr_190 A G GCAGGAGACCCTTGCTTGTC 

AGGTGGCACACGAAAGTATCA

AAT 

CTGACATTACAATGTT

TTAT 

TGACATTACAGTGTTT

TAT 0,0 

Etr_1944 C T TGAAGTAGGTCTCCCAAAGGC CCCACAGGTACGCAAAGGTA AAGGCTATCCGTGC AAGGCTATCTGTGC 0,0 

Etr_1975 C A 

TGTTAGATGTGTAAAGGCGCA

G AGAGGTCACAAACAGCCCTC 

GCAGCCCTGCAACTGC

T 

GCAGCCCTGAAACTGC

T 0,0 

Etr_2013 C T CGTGGCGTCGCTTTCC CCGACGCTCCGAGTGAAA 

TCAAGAATCACAGGCA

GAG 

TCAAGAATCACAAGCA

GAG 0,0 

Etr_2015 C T GGGCTTCGGCTGCGTTATAA AGCTCCTTCTTCTGCTGCG 

GCTCGATGACGAGACC

G 

GCTCGATGATGAGACC

G 0,0 

Etr_2016 T A 

TTTCATTATTTTCTTGACGCT

TGTG GGATAGACGCCTCTGCTGAG 

ACGCTTGTGTCAGGTG

T 

ACGCTTGTGACAGGTG

T 0,0 

Etr_2050 T C CCCATGCTAAACGACCAGCT GCACCTCACACATCTGCTCT 

GCTGTGCAGTGGAGGA

G 

GCTGTGCAGCGGAGGA

G 0,0 

Etr_2066 G A GAACCTGTCGCCCTCACTCC GCGCAGGATGAAATTGCAGA 

CGCCTGCTCGCGCTCC

T 

CGCCTGCTCACGCTCC

T 0,0 

Etr_2068 C T CAGCACTGCATCGACGTG CAGCTCTACTCGTACCTGGC 

GTGCGCACGCGGAATG

T 

GTGCGCACGTGGAATG

T 0,0 

Etr_2071 A C CACAGGTTCACTCTGGGTGG AGAGCTGCTCATTGGTTTTCA 

GGCACAGGCACGACAC

A 

GGCACAGGCCCGACAC

A 0,0 

Etr_2097 C T GGGCGTGCGGACATACT GCGAACATGGTCAACGAATGC CAGGTCTGGGAGCCGA CAGGTCTGAGAGCCGA 0,0 

Etr_2099 G A AAGACCCACGGCGATTCATC CCCTCAACAGCCTTGCCATA 

ACCCGCGCGGACACGT

G 

ACCCGCGCGAACACGT

G 0,0 

Etr_2107 C T TGACCACACGGCGTCTTCG AAGCACGAGAGCGCGTT 

CGAACGGCGCGAGAAG

C 

CGAACGGCGTGAGAAG

C 0,0 

Etr_211B T G GGGTGGAGGAGCGTAACCT GTGCACGTAGTTGCGGTTG 

GCGTAACCTTGAGCAC

T 

GCGTAACCTGGAGCAC

T 0,0 

Etr_211 T G GCGCGGGTGGAGGAG AGGCAGTGCGGGTTGAG CCAGTGCTCAAGGTTA CCAGTGCTCCAGGTTA 0,0 

Etr_2126 A G GAGACCGTGGGCGACT GACGCGGCGATGTAGGT 

CCGTCCCAATTCGCGC

A CGTCCCAACTCGCGCA 0,0 

Etr_212 A G TCTTTCCCCGTGTGCTTCTC GCGACACGAGGGTATTCGAT 

TGCTTCTCTACTTTTG

C 

TGCTTCTCTGCTTTTG

C 0,0 

Etr_2151 T C 

TCTTTACTGTTTCCTACCGCA

AAG TCGTTGGTAATCGCGACAGG 

GGTACCCGATACACGA

A 

GGTACCCGACACACGA

A 0,0 

Etr_2193 C G GGTTCATCTGGGAGCTTTTGC 

AAGCCCACAGAGAAGTGACAT

C TGCGGCTGGAGACG TGCGGCTGCAGACG 0,0 

Etr_2226 T C GCAAAACGCCGTACACCTTT TAGTTGCGTTGAAAGCGAGC 

TTTGCGTTCTCGACGC

T 

TTTGCGTTCCCGACGC

T 0,0 

Etr_223 A G GTAAGGCGTGGGCTATTGGT AGTTACTGAGATGACCGAGGA 

CTATTGGTTATGAGGT

T 

CTATTGGTTGTGAGGT

T 0,0 

Etr_225 C G 

TGGTTGAATCCAGTGCGGATA

AA GTGCAAACCCGGTCTCTAATG CACTGGCATTGTCG CACTGCCATTGTCG 0,0 

Etr_2272 A C AAGGGGCAGGGAGAGAAGG ACAACAAGAACTGCAGCAGTG GAGAGAAGGAAT GAGAGAAGGCAT 0,0 

Etr_2287 T G TTCATGTGACACCTGCTGCT GAGGCGGGTGTCATACAGAG 

CTGCTTGTATCTCCCC

T 

CTGCTTGTAGCTCCCC

T 0,0 

Etr_2304 G A ATCGGCACATTTCTTCCCGT GCTAAAGAAGCGCGATGGAC CGTGCTGTAGAGAGA CGTGCTGTAAAGAGA 0,0 

Etr_231 G A 

CCAGGAATAAGGACACGGTTT

GG CGTCCCCTCCCTCCTTGT ACGATGCCGTCCGCC CGATGCCATCCGCC 0,0 

Etr_2334 C T CCAGCCACCACGTTCAAGT GTGCGGTTGGCAGAGATG TTCGCTCAGCTCCCCG TCGCTCAACTCCCCG 0,0 

Etr_234 T C CTCCTCCACGGCGATGTT 

TGCACTACGAGAACAACTCTC

C CCCCAGTGTGACACC CCCAGTGCGACACC 0,0 

Etr_2409 G T CCAGGTGCTGAAGGGCCG GCTCTCGGCCTGGACAAC 

CCGCACGGGGAGGTCC

A 

CCGCACGGGTAGGTCC

A 0,0 

Etr_2414 A G AGACCATTCCTCTGCCAAGC CCCCAGGGTGCTCTTAAACA 

GCCAAGCGGACCCCTC

T 

GCCAAGCGGGCCCCTC

T 0,0 

Etr_2416 C T 

TCATTACACGAAGCCTCGTTC

AG CGGAGCCCTCCCTGTGT TGGTGCGGTGCACGC TGGTGCGGTACACGC 0,0 

Etr_2418 C T TCGGCCTATTAACTCCGTGC TGGGTACTGGCAGGAGAGAA 

TAATCTTACCAAGTTT

C 

TAATCTTACTAAGTTT

C 0,0 

Etr_2451 C A GTGAGGGAGAGAGGGAAGAGT CGAGAACACATACTGGGGGC 

TATACCTGTCGCCCCC

A 

TATACCTGTAGCCCCC

A 0,0 

Etr_2460 T C CATGCAGCCGACAAACTGG CAACCTGCCCGAGGAGTTC 

CTGGCGGCTTCGCACG

G 

CTGGCGGCTCCGCACG

G 0,0 

Etr_2499 G A CCCGAGGGAGTCATCAGAGA CCGTGCCGTTGGGTGAA 

CAGAGAGACGGTGCTC

T 

CAGAGAGACAGTGCTC

T 0,0 

Etr_2512 A G AGCACGAGGAGCGAGAGA 

TGCACTTTGAACATGGGTTAC

AAC TTTCCCGTGGACTCAC CCGCGGACTCAC 0,0 

Etr_2517 G A GGCAGGCTGTGTTAACCACT ACGGAATGAGCGATCGATGT 

AACCACTGCGACACCG

C 

AACCACTGCAACACCG

C 0,0 

Etr_2603 A G GCTTTGTGCACCCTAACAACA AACCCAAGTGGCAAAACCTG 

GTGCACATTATGGACA

G 

GTGCACATTGTGGACA

G 0,0 

Etr_2642 T C AGAGATCCCTGTGGCTCCAA TCGTCGTCATCGTCGTCATC GCTCCAAACTGGCAT GCTCCAAACCGGCAT 0,0 

Etr_2675 G A 

GCTGGATAATTGGCATCTCAC

ACA 

CTCAATCGTCTGTTCGCCAAA

C AAGACGACGATTCCCT AAGACGACAATTCCCT 0,0 

Etr_2730 G A CAGCCACCTCGAGAGCTG ATGGGAGGGCATTTGAGGTG 

GTTGAACCCGTAGCGC

G 

GTTGAACCCATAGCGC

G 0,0 

Etr_2765 C T ATCTGCACAAGCTTCAGGTT ACGTGTTAAACCGAGCCACT 

TTAATCATGCCAATGC

C 

TTAATCATGTCAATGC

C 0,0 

Etr_2776 A C GTACCTGGACGTCAAGCACA CGACAGCTGCATTGACATCG GGAGCACCCAAAC GGAGCACCCCAAC 0,0 

Etr_2791 A G AGGTGGTACTGCAATGGACC 

GCTCCGTCCATACCATCATAT

GT 

CCCAGAGAAACAGCAG

A 

CCCAGAGAAGCAGCAG

A 0,0 
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Etr_2823 C T ATGTGCGCCATGCCGAT CACACGGGGGATCTTTGTCT 

CGCACGCGCCGAGCAG

T 

CGCACGCGCTGAGCAG

T 0,0 

Etr_2841 G A ACAGGTAGTACTGCAACGCA GCTGGATGCTTGGAGACCAT 

CGCATCTTTGTCCCTG

C 

CGCATCTTTATCCCTG

C 0,0 

Etr_2858 T G GGCAGAGATCCTTGAGAGCA CTCCACTATTCCGCATCGTGA 

GAAAAGAAATGGTTTG

A 

GAAAAGAAAGGGTTTG

A 0,0 

Etr_2878 C T AGCTTGCATCCGTGACTTCA GGTTGTCAAGGTTCTCGTGGA 

CTTGTCAATCTCCACG

A 

CTTGTCAATTTCCACG

A 0,0 

Etr_2915 C G GCCCTTCAAGTTCCAGTTCAC 

GTTCACAGTAGATCTTGACCC

TTCA ACAGCCTCCCTTCCAC AGCCTCCGTTCCAC 0,0 

Etr_292 A G 

ACATGCAGAATAGGGACAGAA

CA CGTGTGCCTCACAGTGAGAA 

CAAATAAACACCACAC

A 

CAAATAAACGCCACAC

A 0,0 

Etr_2937 T C CTTCGTGCTGGTGATCGGTC CACCACCTCCACGTAGCAG 

GGCCACGTTTTTCCGC

G 

GGCCACGTTCTTCCGC

G 0,0 

Etr_2971 T A AAGCTTTACGTGCAGGCTCA CAGCACCACCTTTTTCCGTG CATTGAGGGTGCA CATTGAGGGAGCA 0,0 

Etr_2974 G A TGAGACCAGCGCACCTG TGAGTGTGCATGGTGAGTGT 

CGCCTGCCCGCACACC

T 

CGCCTGCCCACACACC

T 0,0 

Etr_2990 A G GAGCCTCTGGGTGATCTCCT GGAGAACCCGTTTGCGTTTC 

CTCAGAGACATCCTCG

G 

CTCAGAGACGTCCTCG

G 0,0 

Etr_3007 G A CGGTGTGAAAATCAGACGGG CCGGTTGGCCTCACATAACT 

GGTTGTAAGGGTTGGG

A 

GGTTGTAAGAGTTGGG

A 0,0 

Etr_3037 G A CACCTTCAGGAAGCACACGA GGGTACGCACAACTCTTGGG 

CACGATCTCGTTGTCT

G 

CACGATCTCATTGTCT

G 0,0 

Etr_3038 G A 

AGTCGACCCCTCAACCACAAT

T ACGTAGTGCAACAGTAGAGC 

TTTCTACTCGGCTCTA

C 

TTTCTACTCAGCTCTA

C 0,0 

Etr_3069 C T 

GGCAATCACATCTGTTTCATG

CA 

CCAGACGCAGCCATGTATACT

G TTAAGGCGCAACACAC 

TTTAAGGCACAACACA

C 0,0 

Etr_3081 T G TCCCTCCCTGTTTCAAAGCC CTCGGCTTGTCTTCCAGGAG 

TCACAATCATCTCCTG

G 

TCACAATCAGCTCCTG

G 0,0 

Etr_3107 C T 

GGCAAATCCTTTCTAATTACC

ATCC GCATCTCTGGCTGGCTAACA 

AAAGGACACCACAGAT

T 

AAAGGACACTACAGAT

T 0,0 

Etr_3128 C A GGGACACTTGGAAGGACACC AGGATTCCGACCACTTCACA 

ACCAGTCACCAATGAC

T 

ACCAGTCACAAATGAC

T 0,0 

Etr_3145 C T 

TGGTGATGACGATCGTGGTGC

C TTCATCATCTTCCGCACGGT GGTGCCCATCGGAGGA GGTGCCCATTGGAGGA 0,0 

Etr_3169 C T ATAATGGTTCGCGACAGGCA ATAACACCGCAGCATCTCGG 

AAGCCGGTGCCACCGA

G 

AAGCCGGTGTCACCGA

G 0,0 

Etr_3189 C T CAGGTGCAGTACGCACTCA GCGCCAACCGCTACAC CACGCGCGCACGC CACGCGCACACGC 0,0 

Etr_3234 T C 

CCAAGTGCTAAGTACTCACTC

TGT TGTTCATGAAGGGCACTGAGA 

TGATTTCTTTAGCTCC

T 

TGATTTCTTCAGCTCC

T 0,0 

Etr_3240 T C ACCTGCGTCAGCTGAAAAAC AAAACCATTTCGTTGAGGGCC 

AAACCTGGGTGTGGGC

C 

AAACCTGGGCGTGGGC

C 0,0 

Etr_3253 A G CAGGAGCAAGAGCAGTCTCA CCACTTGAGCTTAAGTTCGCG CGAGTTCACACGCGAA CGAGTTCACGCGCGAA 0,0 

Etr_3255 C T CAGCCACTCCACCACCATG TTCGAGTGCCAGATGACGC 

GTGGGGGTCCCCGATG

G 

GTGGGGGTCTCCGATG

G 0,0 

Etr_3262 C A AGGTGCCTCCTTCCAAAAGT 

ACTGTACCAGCTTAAGTGGAA

A CCAAGAATGCT CCAAGAATGAT 0,0 

Etr_3292 G A 

GCAGGTGAACTGATTTCATGT

ATCCA GAGCGGCAGCCTAGGAA 

TGCTCTCAAACGTGTT

CCA 

TGCTCTCAAACATGTT

CCA 0,0 

Etr_3330 G A ACTGGGGAAATGTGAACTTGA ACAACCCCTTGTGTCGTCAA 

GAACTTGATGGTTTGG

G 

GAACTTGATAGTTTGG

G 0,0 

Etr_3350 G T 

GGCAGGCAATAGATCCTCATT

CAG 

TGATTTTGGGCGAAGATTAAC

GT AGCAGGCCGTCTGTC AGCAGGCCTTCTGTC 0,0 

Etr_3356 T G GTCATTGCTCCACACACGTG CGGTGCTCGCAAAAAGAGAG 

GCATACACGTACAACA

G 

GCATACACGGACAACA

G 0,0 

Etr_337 T C ATCGTCAGGAGGAGCCCAG CTGGGTGGCAGGTTTCACAA AGGTGAGTCTTTGT AGGTGAGTCCTTGT 0,0 

Etr_3383 T G GGTCGTCTCGAGGTGTTTGG GCACGCACGCGTCAA CACCCGTTATAGAAAC CACCCGTTCTAGAAAC 0,0 

Etr_3403 T C GCAAACCCAAATACGCATCGT TTCCAGACAGCAAGGGCAG 

CGTATCCTTTCATGGG

G 

CGTATCCTTCCATGGG

G 0,0 

Etr_3411 G C ATGTCGCACCTCCACATGAG CGGGATAACTCACGGGCTG 

GCCGACCCCGCAGCCC

G 

GCCGACCCCCCAGCCC

G 0,0 

Etr_3466 G T TGCCCCGAACATTGTAATGGA ACGTAGCCATTCGACCACTT 

AATGGACACGATTCCA

C 

AATGGACACTATTCCA

C 0,0 

Etr_346 G A TGGCGTGATCGGTAGAAACT 

TGCAGCAATATAGACCTTACC

TGT 

TGAATTTTCGGCCATA

C 

TGAATTTTCAGCCATA

C 0,0 

Etr_3502 A T TACAGCGCTACACATGCACAA 

GTCTTTAACGTGAAAGAACCT

CCA 

AACCCAAAAAAATGCT

T 

AACCCAAAATAATGCT

T 0,0 

Etr_3549 A G CAACCGCCATGCTTGCA CTGCCGCTCGGGTCT CCCGTACATGGTCACC CCGTACACGGTCACC 0,0 

Etr_3555 C T GCCCATCGCTCGTTTCAC GCAGTGCGCCAACCATAA CACCAACCGTGGCAAT CACCAACCATGGCAAT 0,0 

Etr_3601 T A TGGCTCTCCACTATCCCAAA 

GCCTTTGTTTTGATTACAAGA

GCA 

CCCAAATAATAAACTT

T 

CCCAAATAAAAAACTT

T 0,0 

Etr_360 G T TGCTTTCCATGAGTGGTGGT AAGTGTGCGCATTTCATCCG 

TGGTGCGTTGGTGGTG

C 

TGGTGCGTTTGTGGTG

C 0,0 

Etr_3638 C T TGTGCACGTTCTTAGGTCAGA ATTAGTTGTGCACGCAGCTC 

ATTGTAGACCGAGCTG

C 

ATTGTAGACTGAGCTG

C 0,0 

Etr_3725 T C ACACTGCTCCAGTAGGTATCC AGATAGGGCCCAGACAGCA 

TAGGTATCCTAGCTCC

A 

TAGGTATCCCAGCTCC

A 0,0 

Etr_378 G T CTGAGAGGCTGTCTGCAGAG GCCCTACATTTGGGGAGTCA 

AGTCAAAATGTATTTT

A 

AGTCAAAATTTATTTT

A 0,0 

Etr_3837 C T TGCCCTAAAGTTGACATCCGT CCAGAAAGAATAAGCGCGGG 

GACAATTGTCACGTGC

C 

GACAATTGTTACGTGC

C 0,0 

Etr_384 G T GCCACCCATTCTGGAATTCCT ACGCATGTCCCATGATGCT 

CCAAGATTTGTAATCT

C 

CCAAGATTTTTAATCT

C 0,0 

Etr_3885 T A GCACTTTGCTCGTACTGAACA GCCAGTGATCCTGAGGTTTCT 

AACATTATTTACAGTT

A 

AACATTATTAACAGTT

A 0,0 

Etr_3939 C A TGAGTGTTCCTCGGGGAGAC TTCGCTGAGGGAAGGAGAGT 

GGAGACCAACATATAT

C 

GGAGACCAAAATATAT

C 0,0 

Etr_3960 T C 

TGCAGGGATTACTGGTGTCAA

AAT CCCCTGGCCGCTTAGAAA CATCGCCATTGATCG ATCGCCATCGATCG 0,0 

Etr_3963 C A 

CCCAGAAGGATGTTTGTTGTG

T GCATTGCGGTTAGAGCACTG TGTTGTGTGCGATGA TGTTGTGTGAGATGA 0,0 
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Etr_4000 T C CAGCGCTCTGGATTGCAC TAGGCCCAGGAGGAAGCC TTGCACGTCTAAC TTGCACGTCCAAC 0,0 

Etr_4015 G A 

ACTGTCGTATTTCCCTTCTCG

T CGGTAAATCGTGCATTGGGC 

TCTCGTCTCGGGGACT

G 

TCTCGTCTCAGGGACT

G 0,0 

Etr_4028 T C TGCCTTGGAAATCCGACACC TGTTGTTCCGTGGGCGAC 

ATAAATCAATGTCGCC

C 

ATAAATCAACGTCGCC

C 0,0 

Etr_4037 G T 

TCCTGGTCTCTTTATTTCTCA

CAA GCTTTCTCACAGCACTTGCC 

TCACAAAATGAACTTG

A 

TCACAAAATTAACTTG

A 0,0 

Etr_4079 G A TCTATGGGTGATTGCCATGTT TGCACCAATCTTACCACGGA 

CTACATTCAGTTTAAT

G 

CTACATTCAATTTAAT

G 0,0 

Etr_4093 G A CTCTGGAACGTGGCCCAG GCATAAACACGCTGCCCATG 

AACGCACGCGCGGGCA

C 

AACGCACGCACGGGCA

C 0,0 

Etr_412 G A 

GGTAGCTTCTCCCCCTAATGC

T 

TGGTGAGAAAGAAGTTCAACA

TGCA CCTCGAAGCAGCTTT CCTCGAAACAGCTTT 0,0 

Etr_4130 A G CAGGCCGTTCCTGCG GCTCCCCTCGGAAGCC ACGATGGCAACGACG ACGATGGCGACGACG 0,0 

Etr_4142 T C CATCCTGTGGTCTGCACCTG GAGACGATGTTGCTGAAGGC 

TGTGCAAGCTGCCTTC

A 

TGTGCAAGCCGCCTTC

A 0,0 

Etr_4156 A G GTAGCGGTTGGTGTCTAGCA GACGTCATCCTCAACGGCC 

TAGCAGCTCAGGGTGC

A 

TAGCAGCTCGGGGTGC

A 0,0 

Etr_4165 C A ACTTTCCTCTATCTTGCGCCA GGAGACCGAACAGAGAATGGG GCCAATATTCTC GCCAATATTATC 0,0 

Etr_4173 A G 

GCACAACAATGTTATAACGGC

ACAA GACGCCATGTCAGAGAGACT 

CCAATGCATAAGTAAT

C CAATGCATGAGTAATC 0,0 

Etr_4194 A C ACTTTCCAATGTGCCATGCG ACTCCATCGTAACTGCAGTGA 

TGCGAATCAAACTTCA

A 

TGCGAATCACACTTCA

A 0,0 

Etr_4214 C T TGGGTTCCTCGCACTGTTAG 

TTCACGTTCCTAATGCTGTCT

GA 

TGCGTTCACGTTCATA

G 

TGCGTTCACATTCATA

G 0,1 

Etr_4215 A G TCCTCGTGGATGATGTAGCG GGGCTGCACCAATACCTCTT 

GATGTAGCGATACGTG

A 

GATGTAGCGGTACGTG

A 0,0 

Etr_4254 G A ATTCCTGCTTGTGCACGCTT CGAGAGCCTTCACGCCTAAT 

CTTTCCCATGTGTGCC

T 

CTTTCCCATATGTGCC

T 0,0 

Etr_4281 A T TGCAGGAGGACTACACCAACT 

GCACGGTTAGTCATTGGGTCA

A ACGTGGCAGTCTATG ACGTGGCTGTCTATG 0,0 

Etr_4288 A T AGCCACATTGCTCCTCATGT TGGTGATCGACTGAACCAGC AAGGATGATAG AAGGATGATTG 0,0 

Etr_4390 T C ACGTAATAGTTGGCGGTGGT GGGCCTCACCTGGTTTTCAA 

CGGTGGTCATGGGTCA

T 

CGGTGGTCACGGGTCA

T 0,0 

Etr_4414 G C CTCCGCATTAACCCCTTTGTC GCGCGTGTTGTCCAAAATTG AGGAGGCCGCCCGAG AGGAGCCCGCCCGAG 0,0 

Etr_4455 T C TCGTTCCGGGGGTCTGAG GCCGTAGCTATTTGAGTCACG 

GTCTGAGCTTGCGGGG

G 

GTCTGAGCTCGCGGGG

G 0,0 

Etr_4479 C T AATGATGTCGGCGCTGTACT CTTGCGTGGGAGTACCGC 

CATGATGCCCTTCTTG

C 

CATGATGCCTTTCTTG

C 0,0 

Etr_4498 T C TGGCAAGTGGCGGTAATTCT AATGAATCGTGGCCCCTCTC GCAAGGGGTTGGT GCAAGGGGTCGGT 0,0 

Etr_4504 C T TCAGACACTCCTGAGATCCCA TTCATGGGTGGGAGTGGGAT 

CTGATTGTCCACACCA

A 

CTGATTGTCTACACCA

A 0,0 

Etr_4521 C A GTAGCACAGCGGGATCTCCG CCTCGTCTCGCTGGACTTT 

GGTTGCACGCAAAGTC

C 

GGTTGCACGAAAAGTC

C 0,0 

Etr_4531 G A 

GTTTGAGTTTGCGAAAGGTAC

GA GTACGTAGCGAGCGTGTGT CCGCACGCGCTCG CCGCACACGCTCG 0,0 

Etr_4544 G C GGCACACTGGTTCCATCTCT GAATTCGGGGTGTGGAGGTT 

TGTGATTCAGCAACCC

T 

TGTGATTCACCAACCC

T 0,0 

Etr_4574 G T CGGCGCACATCTTCCAAAG GAGTGGAAGACGACGTCTCG 

CTTCCAAAGGCCCTGG

T 

CTTCCAAAGTCCCTGG

T 0,0 

Etr_4596B G C GTGTGGGTGAGATGAACCGT TTCCACATTAAGGCCTCCGG 

TTCTGGTAGGCCGGAG

G 

TTCTGGTAGCCCGGAG

G 0,0.7 

Etr_4596 G C 

TGAACAGTGTGGGTGAGATGA

AC 

CATCGTCTCCTCCTTCCACAT

TAAG CCTCCGGCCTACCAG CCTCCGGGCTACCAG 0,0.7 

Etr_4633 G A GAAGGGACGAGGAGGAGAGGT CATGTCCAAGTCGCTGCTTT CTGGGCAACGAAAGCA CTGGGCAACAAAAGCA 0,0 

Etr_464 C A TGCAGGGACCGCGTTAC GTGCCCCACCGGTCT 

TAGCGCTTCACCCCGT

CCA CGCTTCACACCGTCCA 0,0 

Etr_4670 G A 

AGGATCCGAGCCCATAATGAG

A 

GTTTGGTCGACATCGGAAAAG

G 

CCGTAACACTGTCCCC

GG 

CGTAACACTGTTCCCG

G 0,0 

Etr_4686 T C CTAGGATAGCAGCACCGACGC CCAAGGCCCCTATGCGTAAA GGTCTGCTATTCGGTG GGTCTGCTACTCGGTG 0,0 

Etr_4694 A C GCACCATGACGCCTTCATTC 

TCTGTTGAGTGGTGTGATATG

CA ATCACATACATAAA ATCACATACCTAAA 0,0 

Etr_4716 G A GCCGACACGAGCATCAGAA CCTGACTGTCTTGCCACGTA 

CATCAGAACGATAGCC

C 

CATCAGAACAATAGCC

C 0,0 

Etr_4750 T G CAAGGTAAGCGGCAGTCAGA 

ACTGCAATATACACCTGTCCT

T AGCTCGTTTTC AGCTCGTTTGC 0,0 

Etr_477 C T AAGTGGGTGCTGGACTGGC TCGCTGGTCCAGTAGATGGT AGCTGCAGATCACCA AGCTGCAAATCACCA 0,0 

Etr_4800 G A GCGCTTGGGTTTCTTGTTGA CTGCTGCTGCTGATTGAGTG 

ACCTGGTGCGAGAACG

G 

ACCTGGTGCAAGAACG

G 0,0 

Etr_480 C T CGCACGTGCCTTGTTTATGT TCCGACAATTCGCAAGTCGA 

CAGGGACTCCTCTACT

T 

CAGGGACTCTTCTACT

T 0,0 

Etr_4845 G T AGGAATCCGATGAGCTACGA CGTACGTCGGACACCACTG 

AGATGTCCAGTCGGGG

C 

AGATGTCCATTCGGGG

C 0,0 

Etr_4853 C T CCTCGCACGGGGGTCTATA GTGCAGGTTCACTCTCCCC 

CGTCGAAGGCCTCCAG

C 

CGTCGAAGGTCTCCAG

C 2.4,0 

Etr_4859 C G CCCTGACCACCCACTCACAG 

AGCTTATATTAACGCAAGCGG

C 

CACAGGGATCGATGGC

A 

CACAGGGATGGATGGC

A 0,0 

Etr_485 A G CAGCCACCGTCGACACA 

AACTGCTGAAGTTACTGATGT

TCACA 

CACCAATTAAGCATTG

TATTT 

CCAATTAAGCGTTGTA

TTT 0,0 

Etr_4889 T C TGTTGGGAACAGGGCACAAA CTTTGTTCGCGCCTTCGTTC 

AGGTTATGTTATGAAG

G 

AGGTTATGTCATGAAG

G 0,0 

Etr_4965 T C GCGCCAGGTGAGGAGA 

CTCCTCTTCCTCGTTGCAACT

T CCACCGAGTTGGCTAC CACCGAGTCGGCTAC 0,0 

Etr_49 A T TGGGTGAGCGAGGATGGT CGTCCACACTGCGTTCAAC 

TTGTGATGCAACTTCG

T 

TTGTGATGCATCTTCG

T 0,0 

Etr_5020 A C CCCCCACGTGACGCA GCTGCAATGTGGGAGACCTTT 

TGCAACGAAATAATTT

AC 

TGCAACGAAATCATTT

AC 0,0 

Etr_5043 A C 

TGCAGGGTTTATATTTGCCAA

ATCA GGCGAATGGCGGTTGTTATT 

AACAACTTTAATTCGG

C 

AACAACTTTCATTCGG

C 0,0 
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Etr_5112 C T AGAACAGCTTGCATTGGGGG GGCGTCTCGGAGCAAGTTAT 

TTGGGGGTGCCCTTAG

A 

TTGGGGGTGTCCTTAG

A 0,0 

Etr_518 C G CCGGGATTCGAATTCTGGGT CCTGAGCAGCCCGATGG 

TCAGCGGTGCCAGGTC

G 

TCAGCGGTGGCAGGTC

G 0,0 

Etr_5193 T G ATTGGCCGCCCTCATGAA 

ATACACTGTGAAGCAGATGGA

ACTT 

TGGTTAATTCACCAGA

AGTA 

TGGTTAATTCACCCGA

AGTA 0,0 

Etr_5197 C T 

GCAGGTGATTTGTCCATAAGA

GGTT 

GTGGTGGGTTTAACGACACAT

TT 

ATATATTTACGCGATC

TAAC 

ATATTTACGCAATCTA

AC 0,0 

Etr_5267 G T GGAAAGAGGCTCCGGCTG AGTTGTCCATCATGCGCTCA 

GAGACGCGCGGGCATG

C 

GAGACGCGCTGGCATG

C 0,0 

Etr_5272 C T CACCGTGTCCGAGTCGTG GAGGACAGAGCGTGAAGGAG 

GCGCGCAAACGATGCT

C 

GCGCGCAAATGATGCT

C 0,0 

Etr_527 A C 

GGTTACTCGGTTGGTATCACA

CA GGCAATGCTGCTGCTTCTG CAGCAGAAAAAGCA AGCAGCAAAAGCA 0,0 

Etr_5317 A C 

CGGATTTTCACCTTTTCTGCG

TTTC 

CAGTTCACGAGCCAGACTACA

G 

CACGAAATTTTGAACT

TTT 

ACGAAATTTTGCACTT

TT 0,0 

Etr_5346 T C 

TGTGTGGGAAATGACAACATC

CAT 

GACATACGGTGCTGGTACTAC

AAT AAGGCTCAATAATGC AAGGCTCAGTAATGC 0,0 

Etr_534 T C CTCCACGGTCTGCGTGAACCG CGGGTTAGCCTTCAAGGGAG CCGTGCTCGTACAA CCGTGCTCGCACAA 0,0 

Etr_5352 A G 

ACAGGATCTATGGTCTGCAGA

G ACCCGTGAGACTCGTGAAAA 

AGAATCTGGACAATGG

C 

AGAATCTGGGCAATGG

C 0,0 

Etr_5465 A G CGACTGCCCTTCGATGCA 

TTGACCTTGACGGATTGGATC

TC CCGCGTGTTCCAGC CGCGTGCTCCAGC 0,0 

Etr_5510 A G 

TGCAGGAAGTAACTGTGTAAT

TAAACG 

GCGACGTAAATATGTCTGCAA

GTTT 

TCGTGTTGACCTCTTC

AGTA 

CGTGTTGACCTCCTCA

GTA 0,0 

Etr_5540 A G AGGCTGGAGTGGCGAATTTA TGGAGGGAATGCCTTGTCAG 

CTTTATGCCAACTGAC

A 

CTTTATGCCGACTGAC

A 0,0 

Etr_5581 G A CCCCACCTACCTGCTGATGA TGATAGGCGCGAAACCCATT ACCTAATCCGTCT ACCTAATCCATCT 0,0 

Etr_5600 G T CAGGAGACGTAGCCCCTCTA 

GAGTAGACAAGAGAAGACGAA

TTCACA 

CCAATGTCACTTGCAC

CGA 

ACCAATGTCACTTTCA

CCGA 0,0 

Etr_5603 G A CGCTCCACATTGTTGAGAGC GTTGTTGTGAGCTGTGCTGC 

GATACTCCAGCTCCTT

G 

GATACTCCAACTCCTT

G 0,0 

Etr_5626 T C 

ACGTTTTTGATAAAGGTCCCG

C 

GTCTGAATTTTCCTTGTGCCC

A 

TGTGTGATGTATTGGG

C 

TGTGTGATGCATTGGG

C 0,0 

Etr_5654 T G AGGAGATCGAGAGGCTCACA TGAGACAAGGGTTCACGTGG 

TGAGGAATGTAAAACT

G 

TGAGGAATGGAAAACT

G 0,0 

Etr_5711 C G CTCAGGCTGGATCGATGTCG TTAACGCACGGACATCACCA 

CTCCTCTGCCGCGCGC

A 

CTCCTCTGCGGCGCGC

A 0,0 

Etr_5754 T C AGGCCCCCTTTGTGTTTAACT GAAAATGGATGCCCACTCGC 

TGCGGAGAATGCTGCG

A 

TGCGGAGAACGCTGCG

A 1.2,0 

Etr_5757 A G TAACCAGCATCGCTTCGGAC ATGTCCACATCGTCCTGCAG GGTGCCAGGAAAGG GGTGCCAGGGAAGG 0,0 

Etr_5762 C G GGTAAACGTGGAAAGAGCGC AAAGTCCCCGTCTCTTCGTC 

GCGCGACACCAACGAC

G 

GCGCGACACGAACGAC

G 0,0 

Etr_5780 T G AGCTGGGTGGTTGAGTTGAG ACAATGCGTGTGTTCAACCG 

TTGTGATCTTCAGTAT

T 

TTGTGATCTGCAGTAT

T 0,0 

Etr_57 A G GCGCCAATTGTGTTTTGTTGA CCCCTCGGAGGTTTATTGCA 

ATTAGCACAACGTGCC

G 

ATTAGCACAGCGTGCC

G 0,0 

Etr_5831 A G GCGCTCTCGATCCCTTGTTA ATAAACTTCGGGTGGCCCAG 

GCAATGCGCATGCGCG

C 

GCAATGCGCGTGCGCG

C 0,0 

Etr_5960 C A TGAAGCCAAACACTCGTCCA ACATGGAGGGCATGCAAATG 

ACTCGTCCACCAAACA

T 

ACTCGTCCAACAAACA

T 0,0 

Etr_5993 T A GACACGTCCACCACAGGG TGTCAGTGTTTTCGCAACGAC 

TGGAGTCGATTGGAAA

C 

TGGAGTCGAATGGAAA

C 0,0 

Etr_6026 C T TCGGGAGGCACGTTCTTC 

GCATAAAATCGGCAGAAATGA

GAGA TCCACCCAGCCCTACC TCCACCCAGTCCTACC 0,0 

Etr_6037 G A CCAGGACCAGCCTCAATGTT TACGCTTGCGAAATGTGGAC AACGGCGACGAAG AACGGCGACAAAG 0,0 

Etr_603 G A CAGGAGGAGAAGCCGTGG GGGCAGGGAAGAAGTGAGT 

AGGTGTTCCAAGTTTG

TT 

AGGTGTTCCAAATTTG

TT 0,0 

Etr_6076 T C GCTGAGCATTTCTCCGAGGT TCAGCCAGCCACTTATAGGC 

AGGAGAAATTCCTCAG

C 

AGGAGAAATCCCTCAG

C 0,0 

Etr_615 A G 

GCGGCTTGGGATGTTATCTTC

AATA GCCTGGGCGGCCTATC CACGGCACGGTCG ACGGCGCGGTCG 1,0 

Etr_6179 T C ATGCCAGGACACAAGTTCGT CTGCTCATGCTCCACAGGTC AGCTCGCAGTGAC AGCTCGCAGCGAC 0,0 

Etr_6229 A G CCCCCAAACATTGCTTTGGT ATGCTGGTTGGGCTCTTACC 

TTTGGTGCAAACTTAC

C 

TTTGGTGCAGACTTAC

C 0,0 

Etr_6318 G A GACTTGTTCCGGCACTACCC GCCGTGAAAGAGAGCGTGAG 

TACCCCGCCGTGTTTG

T 

TACCCCGCCATGTTTG

T 0,0 

Etr_6363 A G CACGATGCCACAAACATGTCA 

GCGTTTCATTTTTCATTGGAT

CCC 

CTAAAGTATAATTAAA

G 

CTAAAGTATGATTAAA

G 0,0 

Etr_6369 C T GAGCAGGACAAAGGCAGGAG CTTCCGCTCCAGCTGATTCA 

GCTGGTGCACAAGCAG

A 

GCTGGTGCATAAGCAG

A 0,0 

Etr_6389 G A 

ACATTACCTGTAGGTGGTTGT

TAAAGG 

CCACGATTATAATCGGCAAGA

TCAC 

AATGGTAAACAGAGCA

TTG 

ATGGTAAACAAAGCAT

TG 0,0 

Etr_640 G A AGGTAGCACAGCAAGTAGGA AATGCCCCAAAAATCCGTGG 

AAGTAGGATGGTGGCC

T 

AAGTAGGATAGTGGCC

T 0,0 

Etr_642 G T GACGCTCACTGCATGCAAG ACCATTTTCATGCCACCCCA TGCAAGGTTGGAA TGCAAGGTTTGAA 0,0 

Etr_6436 G A CAGGGAGCACTCGTCAACAA GATGTGGCCAGTGACAGACT 

GTCAACAATGTGCGAC

A 

GTCAACAATATGCGAC

A 0,0 

Etr_6440 G A 

AGTCAGTACATTGAGTTCCAA

CT ATCCCTCATCCCCATGGTCA 

ACAGCGGTTGTCCTCA

G 

ACAGCGGTTATCCTCA

G 0,0 

Etr_64 A C GGAGGCGCTGTAGCTTCAT 

AGGACTTTCTTTTTAGGTTTG

TAGCCAAT 

CCTGTACTGAAAGTAA

CTC 

CTGTACTGAACGTAAC

TC 0,0 

Etr_668 A G GTCCCGTGGACAAGAGTCA GCTGCCAGGCACTTGTG CGCAACCAATGCCGC CGCAACCAGTGCCGC 0,0 

Etr_673 C T GCCGACAGCTGCTTCTCT 

CCACGTTGCTGTTGTTTTGTC

A CGGCCGCTTCTCT CGGCCACTTCTCT 0,0.5 

Etr_678 G T AAACTGGGCTTGGTAGGTCA ATTCTTGACCGTCGGCTGTC 

GGTAGGTCAGGTCCGC

T 

GGTAGGTCATGTCCGC

T 0,0 

Etr_681 C T CGCGTCGCCATAGGTGTT CAAGCACATGCTCAGCAACAG AGCACGAGACGAGCGG CACGAGACAAGCGG 0,0 

Etr_687 C T AAGAAGCTCCATCGCCACTT CGTGGTTTCAGTTGCGAAGG 

TCGCCACTTCATTCAC

C 

TCGCCACTTTATTCAC

C 0,0 
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Etr_705 G A 

AGCAGAGACACGCAACGTAAA

TA 

GGTTGTGCTGGACATTGTTAT

TTGA 

CCGCTATCTCCGGCTG

G 

CCGCTATCTCCAGCTG

G 0,0 

Etr_7081 T C GGAAGAAAGAGGGAGGCCTG AGCACAATTCGTCGTAAAGGG 

ACATTGTTCTATTCTC

A 

ACATTGTTCCATTCTC

A 0,0 

Etr_7142 G A ACCGGTGTTCTCTTAGGGGT GGCATAGTCAGGGTCGAACC 

GGTCTTGGCGCCACGG

T 

GGTCTTGGCACCACGG

T 0,0 

Etr_7166 C T CAAGCAGCAGTGAGAGGACA TGCCAGTTTAAAGCTAAGCGA 

AGGACAATTCCCATCT

T 

AGGACAATTTCCATCT

T 0,0 

Etr_717 T G 

CCCCAAAGAGTACGAACGGTT

A CGATCGCTCGTCAGATTCTCA 

CAAGACAAAGATCCAC

ACGTG 

CAAGACAAAGATCCCC

ACGTG 0,0 

Etr_7262 G A TGACAAGACAGCACAACCGT GGCAGGTCCAGGGTCAAATT 

CGGTTGTAGGCACTGT

C 

CGGTTGTAGACACTGT

C 0,0 

Etr_7292 T G 

CAGAAGTGATTTGGAATCGGC

A 

GGCCTTCTCTGCATATATACC

AGT TGGTAAAATTTACT TGGTAAAATGTACT 0,0 

Etr_7358 T C GAAACACAACCGCAGCCG TGGCGTTCACGTGTTTTGTC 

GCCAGTGAATGTGAAC

G 

GCCAGTGAACGTGAAC

G 0,0 

Etr_7382 C G AGGTGGTAGGGTTAAGGCGA TCCTCAAACACCCCGATTGC 

CAGTGGAGGCAGTTAG

A 

CAGTGGAGGGAGTTAG

A 0,0 

Etr_7387 G T CGGTGGTCGAGGCGAATG CGTCTCCGCGGAAGGT 

AAGGAGTGGCGGTGTA

A 

TGAAGGAGTGGCTGTG

TAA 0,0 

Etr_73 T C TGGCAGGTGTGGAAAGCA CTCGCGCTGTTAAACCTCTTG CGCTGTCATGTTCC CGCTGTCGTGTTCC 0,0 

Etr_7416 T C GTGTCGGCAAGGGTGAGATAT 

AGGAGCTTGACAAAACAAAAA

CAGATTTATTATC CTCCTGTGACATCCAG TCCTGTGGCATCCAG 0,0 

Etr_7443 T G GCCTCGATCAGGTCCTAGGT CCTCTTCACCCTCCCCTCTT TCCTAGGTTTG TCCTAGGTTGG 0,0 

Etr_752 A G TGGGTGGGTGAGTTTGTGAG GCTGTTAGCGAGCACAACAC GTGCGTGATAAA GTGCGTGATGAA 0,0 

Etr_754 T C 

CAATTATAGCCGAGGAGCCCA

TCT AAGATCGGTGAGGCAGAGAGA 

CTCGTTTCCGTTCTGC

CT 

TCGTTTCCGCTCTGCC

T 0,0 

Etr_7649 G A CCTTCCCAGACAGAGGTTGGA GGCAAACACGCACCTGTAG ACGAGTGGGAGCCTG CGAGTGAGAGCCTG 0,0 

Etr_766 T C GGAAGCTGACAGCCAACATTG GGCCTGCGAGACATTGAGT 

ACGATCTGTTCTCTTA

GTAGC 

CGATCTGTTCTCCTAG

TAGC 0,0 

Etr_773 C T CCGCTGCTATGGCGTTAGT CACGTACCACGACTAGTGCTA CGCGGGTTAGGACAT CGCGGGTTAGGATAT 0,0 

Etr_7781 T C CTCCCTGCAACCACCTGAC CACGTACTCAGCTCACAGCC 

GGGGGAGTGTGGCTGT

C 

GGGGGAGTGCGGCTGT

C 0,0 

Etr_781 C A 

GCCACTCTTGTCGTTAACCTT

GA CGGGCTTGGGTAGGATATGTC 

CTGGAAGAAATGATTC

TC 

ACTGGAAGAAATTATT

CTC 0,0 

Etr_785 C T GGACGCGTGCCAATTGAG GCCCGATTGGCCACCAT TTGGTGCAGGAAGTGA TTGGTGCAGAAAGTGA 0,0 

Etr_786 A T TCCTCTTTCTGTTGCTTCCCC AACGAGCTCGGGAAAAGAGG 

TGCTTCCCCAGCAATT

T 

TGCTTCCCCTGCAATT

T 0,0 

Etr_7872 T C GCACAATGCAAACAAGGCTG GCACTGGAAGCCCTTACACT 

GGAATTCTATGGAGGC

T 

GGAATTCTACGGAGGC

T 0,0 

Etr_7918 T C TACGGACCCAAAGCAGGTTG AGCTCCACTCCTCACTCCTC 

CCGACGGGATATCCGA

G 

CCGACGGGACATCCGA

G 0,0 

Etr_7974 G A CTTCAGCGCCACGTTCTCAG AATTCAGCAGGAGAGGCCTC 

CTCAGCCACGAGCTTC

G 

CTCAGCCACAAGCTTC

G 0,0 

Etr_8064 A G 

GTGTGATGCTTCTGATCTGTC

C GCGCAAAGTGTGAAAATCTGG 

GATCTGTCCACCATTG

G 

GATCTGTCCGCCATTG

G 0,0 

Etr_810 A G CAGGTAGTTGATGGTGACCCA GCAGCGCTCGCATCCT CCAAAGGCACCCTCC CAAAGGCGCCCTCC 0,0 

Etr_814 C T GGTCCACGGTCCGATGTG 

ATGAGATGACTTAACAAACAA

AGATTGCA TTTCTGCCCCAACACC 

TTTTCTGTCCCAACAC

C 0,0 

Etr_8196 A C GCTTGTTCGCTCACGACACT ACCTCGAACTCGCTTGCT 

AGAAGGACCTCAAATA

GAT 

AAGGACCTCCAATAGA

T 0,0 

Etr_824 C G TGCAGATGTTCGTCACCGAT CGACCCAGCCTCAAATGAGT 

ACCGATGTTCGTGGCC

G 

ACCGATGTTGGTGGCC

G 0,0 

Etr_8281 G A GGAGAGTATTCCTCGTGCCG ACAGACTGGTGAGGCAAGTG 

CCTTCTGCAGCCTTCG

C 

CCTTCTGCAACCTTCG

C 0,0 

Etr_8298 G A TCTGCTGAAGTGAAATCCGGT AGCAATTAAGCAGGACCCCT 

GAACGAGCAGAGCTGG

T 

GAACGAGCAAAGCTGG

T 0,0 

Etr_832 C T 

GCAGGTCAAAGTAGACAGTCT

TGTG 

GCACCTACGAGATCTGCTTCA

G 

ACGAGTTCTCGACGTT

CA 

ACGAGTTCTCAACGTT

CA 0,0 

Etr_833 G T CTTCGGGAGGCAGCATGT AGCTGTTTCGTGGGCCATTA 

GCAGCATGTGGGGGCA

G 

GCAGCATGTTGGGGCA

G 0,0 

Etr_836 A G ACGCAGCTGCTCTCTGATTG GTGCCGCTCAACAGCAT 

ACGTGATCACTGCCGT

C CGTGATCACCGCCGTC 0,0 

Etr_84 A G 

TGCAGGTAAATAGAGGTGTGA

TCCA 

CCCTGTGCTGATGTGTGTAGA

A 

CTGAAGTCTCGTAGTT

ACG AAGTCTCGTGGTTACG 0,0 

Etr_8649 G A TCTCAGGAGGCTGGGTAAGG GCCAAGGCAAGTAAACAGTGT 

AAGGCACCGGGAGCAA

C 

AAGGCACCGAGAGCAA

C 0,0 

Etr_8681 T C 

CTTACACGGACCCACGCTGGA

C CGACCGTGTGATTTGCATCG 

GACGCAGGCTGGTTGG

C 

GACGCAGGCCGGTTGG

C 0,1.4 

Etr_874 C T AGGGAGAGCCTCAAGAGCAT TGAGAGTGATGGTTCTCAGGA 

GAGTGGCGTCGACGCA

T 

GAGTGGCGTTGACGCA

T 0,0 

Etr_875 C T TGCAGGCAACGGTTGTAGAG CCCAACGGGACGAGGTTTT AGCGCGCCTCGTC CAGCGCACCTCGTC 0,0 

Etr_8780 T C TCGTTGTTGAAACATTGGCAT 

ACATCTCGGCGTAAGTGATTT

G 

GCATAAAACTTCAAAT

C 

GCATAAAACCTCAAAT

C 0,0 

Etr_8909 G A TCCGAATTCTCCACGTTGAGA AGACCAACTGCCGCTAACTC 

TTGAGATGCGACAGGC

C 

TTGAGATGCAACAGGC

C 0,0 

Etr_8960 G A TTCAAAACGCCTCGCCAATG AGTGGCAGTGTTCCGGAAAA 

CAATGCCCCGAATGGT

G 

CAATGCCCCAAATGGT

G 0,0 

Etr_899 A G 

ACGGTGACATAGTCTCCTGGT

A GGCACTGGATTCACACCATGA CATTCGCCACTTGCT ATTCGCCGCTTGCT 0,0 

Etr_905 C T GCTTCTGCAGGGAGTCTTGT TGAAGTTCCTGCGGTACCAC 

GTGCGTGTTCTCCCGC

A 

GTGCGTGTTTTCCCGC

A 0,0 

Etr_906 G A AGCCAGAGTTTGCTTCACCA GCATGCGAAGGCCAAGAAAT CACCGTCTTGATGCT CACCGTCTTAATGCT 0,0 

Etr_9113 C A CTGCAACACGGCTCGAAATA ATCACTTTGCATGCCCCGAA 

ATATGCGTCCGATAGT

T 

ATATGCGTCAGATAGT

T 0,0 

Etr_917 G A CAGGTGGCACCGTTGGAT 

CCACAAATATTGAACACAACT

AAGACACAT 

TGAGGAAATCTGGACA

CTC 

TGAGGAAATCTAGACA

CTC 0,0.3 

Etr_9189 G A GACACGTGTCACCCTGTCTG 

TGTAAAATGTTTTCACGCAAG

ATGT 

AGGACACACGTAACAT

C 

AGGACACACATAACAT

C 0,0 
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Etr_930 G C GAAGCATCAGGGAGGGTGAC TGCACACGTCTGATTGATCAC 

GGATGAGCAGGTGATC

A 

GGATGAGCACGTGATC

A 0,0 

Etr_951 G A 

TCCCTCAAAACGAATGTTCAA

TT GCGTGTCACTGCTGAAACAT TCATTTGCTGGTTGG TCATTTGCTAGTTGG 0,0 

Etr_963 T G GCTCCCACCACTGATGGAT 

CGGATTGACCATATCTGGTGA

AGAT 

TGCGTCTATGTGTTAT

TAT 

CGTCTATGTGGTATTA

T 0,0 

Etr_965 C T GGTGTCTCTGCACTATGAGGT TCCTCTCTGGTCATCGTGGG 

TGTAGGCAACGGAGCC

C 

TGTAGGCAATGGAGCC

C 0,0 

Etr_972 C T TCGCACTGAATCACGTGACA AGTGGCATTGGCTGGAGAAA 

ACGTGACACCTGAGTG

C 

ACGTGACACTTGAGTG

C 0,0 

Etr_97 T G GGTAGCGCTCCGGTCAG GACCTCCATGGCTCTTTGCT AGTCGCATGCCCC AGTCGCCTGCCCC 0,0 

Etr_98 T C CCGTTTTTAAGCCACGTGATG CTCAAGCAGCCAGTGGACC TTCACACTGTAGGTC TTCACACTGCAGGTC 0,0 

LampSD_1589 G T CGACGTTGGGCAAATCGTT 

TCACTGTTTCCATCGCAGTAC

TTATTAAA AGGGAGCCGATATTG CAGGGAGCCTATATTG 0,0 

LampSD_327 A G GCCTAAACCACTCGGATGCA 

ATGTCAACAAACACAATCCAC

ACAATT 

AAGTAGGTGTCTCAGT

AAAA AGGTGTCTCGGTAAAA 0,0 

LampSD_478 G A CAGGAGTAGGCCGCAGTAG CGCTGTGCCTGTGTCAGAT CCCAGGGCGTGCCG CCCAGGGTGTGCCG 0,0 

LampSD_700 G T TGCGATCGCTGATGCTGTAG GACCCATACCGGTTTCACCAT ACGACGCAAAGCG CGACGAAAAGCG 0,0 
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Section 2: Genetic Baseline Expansion 

 

Introduction 

Distinct population aggregates of Chinook salmon (Oncorhynchus tshawytscha), steelhead 

(Oncorhynchus mykiss), and the species Oncorhynchus nerka (including sockeye salmon), have 

evolved through the cumulative effects of selection and genetic drift (Waples 1991; Nielsen et al. 

2009).  Homing to spawn in natal rearing sites (philopatry) is a distinctive behavior of Pacific 

salmon species that has been well documented. This life history attribute can significantly restrict 

gene flow and thus shape productivity limitations among naturally reproducing populations 

(Hasler and Scholz 1983; McIssac and Quinn 1988; Quinn et al. 1991). Population distinctions 

may be more readily resolved on a large geographic scale where gene flow and reproductive 

restrictions are often well defined by migration distance and adjacency in stream networks, yet 

the distribution of suitable spawning habitat and local adaptations may produce fine scale genetic 

structure between stream sections or watersheds in close proximity (Beacham et al. 2006; Matala 

et al. 2012).  Homing miscues (straying) are thought to be necessary to buffer loss of genetic 

diversity in salmon (Milner and Bailey 1989), particularly in small populations. However, the 

rate of straying among wild fish is generally low (Quinn 1993; Heard et al. 1995) and despite the 

resulting moderate gene flow, genetic structure between populations may persist (Neville et al. 

2007).  There is some evidence that the incidence of straying is higher among hatchery origin 

fish. This may be an artifact of changes in fish passage protocols, transport through the hydro 

system, or artificial rearing practices. An elevated rate of immigration between populations may 

erode local adaptations, and lead to changes in spatial and temporal variability within and/or 

among populations (Hess and Matala 2013).  

 

In the Columbia River Basin, salmon have been studied in great detail (Chinook salmon; Narum 

et al. 2004; Waples et al. 2004; Beacham et al. 2006; Narum et al. 2008b; Matala et al. 2011), 

and steelhead to a similar degree (Winans et al. 2004; Currens et al. 2009; Blankenship et al. 

2012; Narum et al. 2011). Genetic evaluations of O. nerka (both sockeye salmon and kokanee) 

have been comparitively limited in scope (Gustafson et al. 1997; Iwamoto et al. 2012). 

Conservation units such as distinct population segments (DPS) evolutionarily significant units 

(ESU) major population groups (MPG), and viable salmonid populations (VSP) have been 

established based on a core set of criteria including population ecology and viability, ancestry 

and descent, reproductive isolation, and inferred local adaptations (Fraser and Bernatchez 2001; 

Fraser et al. 2011). However, since the majority of studies to date have been based on neutral 

genetic variation, conservation has not been commonly informed by direct evaluations selection 

and adaptive divergence. Landscape genetics is an approach aimed at describing population 

differentiation relative to features in an organism’s environment (Segelbacher 2010; Sepulveda-

villet & Stepian 2012), including natural or human erected barriers and local climate. However, 

landscape genetics has been described primarily on the basis of neutral divergence (Dionne et al. 

2008; Narum et al. 2008), where restricted gene flow is explained in the context of 

heterogeneous habitats (Latch et al. 2011). And, although local adaptation may be inferred from 

neutral genetic structure coincident with habitat (Olsen et al. 2011; Blankenship et al. 2012), 

inferences based exclusively on neutral differentiation risk incorrectly identifying the underlying 

processes affecting population distinctions (Funk et al. 2012; Landguth & Balkenhol 2012).  
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Project objectives and higher level harvest management questions 

 

Objective two of project #2008-907-00 (Genetic Assessment of Columbia River Stocks) 

describes efforts to evaluate genetic diversity among populations that will inform managers in 

the areas of harvest monitoring, and conservation monitoring. Our approach involves the 

collection, analysis, interpretation and distribution of single nucleotide polymorphism (SNP) 

genotypic data. These data serve as species-specific baselines to characterize Chinook salmon, 

steelhead, and O. nerka population structure throughout the Columbia River Basin.  SNPs are 

highly prolific in the genome, with substantial coverage for linkage analyses (Moen et al. 2008). 

Large numbers of highly informative SNP loci can be discovered via next generation sequencing 

technologies such as Restriction-site Associated DNA (RAD) sequencing (Miller et al. 2007; 

Baird et al. 2008; Hecht et al. 2013). SNPs are amenable to superior high throughput capabilities 

and are relatively easily amplified and scored, even with poor quality tissue (DNA) sources 

(Campbell and Narum 2008). Because SNPs are commonly found within or adjacent to coding 

and regulatory regions of a genome, corresponding allelic diversity and allele frequency 

variation observed among populations may be indicative of non-neutral influences (i.e. selection 

and local adaptation). Techniques such as outlier detection methods, and genome wide 

association studies (GWAS) provide evidence of non-neutral population structure and allow a 

more resolved understanding of landscape differentiation beyond what can be concluded from 

neutral loci alone (Narum et al. 2010b; Matala et al. 2011; Ackerman et al. 2012a, Bourret et al. 

2013). Putative non-neutral population differentiation can then be interpreted in the context of 

contemporary risks and vulnerabilities (e.g., climate change) for salmonid populations in the 

Columbia River Basin, revealing highly correlative relationships (see Limborg et al 2011) 

between genetic variation and the physical environment. This additional information may 

ultimately influence conservation criteria for delineating populations across diverse landscapes. 

Currently our SNP baselines are being used to characterize populations in archival studies, in 

efforts to reintroduce fish into extirpated regions within historic ranges, hatchery-wild 

interactions and domestication studies, genetic identification of stock proportions caught in tribal 

and sport harvest fisheries, and evaluation of migration timing through the hydro system. 

 

Time line for completion of objectives 

 

Objectives will be ongoing and our most recent results will be reported each year.  As new 

genetic techniques are developed they will be applied to our objectives and data will be routinely 

uploaded to the FishGen.net database (http://www.fishgen.net/home.aspx) as a repository for 

data sharing and collaboration. 

 

http://www.fishgen.net/home.aspx
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Figure 1. Map displaying sampled steelhead (O. mykiss) populations. Each numbered population represents a genotyped RAD library 

identified by number in Table 1. 
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Table 1. Geographic distribution and locations of steelhead RAD populations. 

 

RAD library   RAD population     

# ID 
 

location name tributary/ region DPS BPA subbasin lat Long 

   
    

  1 L-0154 
 

Abernathy Cr. Abernathy Lower Columbia Elochoman 46.2256 -123.1481 

2 L-0219 
 

Cowlitz R. Cowlitz Lower Columbia Cowlitz 46.5026 -122.5881 

3 L-0147 
 

Kalama R. Kalama Lower Columbia Kalama 46.0449 -122.8039 

4 L-0146 
 

Kalama R. Kalama Lower Columbia Kalama 46.0449 -122.8039 

5 L-0220 
 

E. F. Lewis R. Lewis Lower Columbia Lewis 45.8655 -122.7184 

6 L-0218 
 

N. F. Lewis R. Lewis Lower Columbia Lewis 45.9516 -122.5654 

7 L-0155 
 

East Fork Hood R. Hood Lower Columbia Hood 45.5745 -121.6271 

8 L-0195 
 

West Fork Hood R. Hood Lower Columbia Hood 45.6047 -121.6335 

9 L-0157 
 

N. F. Eagle Cr. Clackamas Lower Columbia Willamette 45.3254 -122.2885 

9 L-0157 
 

Eagle Cr. Clackamas Lower Columbia Willamette 45.3514 -122.3840 

10 L-0148 
 

Skamania Stock Clackamas Lower Columbia Willamette 45.2417 -122.2817 

11 L-0221 
 

Little Rock/Mad Cr. Willamette Upper Willamette Willamette 44.7508 -122.3967 

12 L-0217 
 

S. F. Santiam/ Wiley Cr. Willamette Upper Willamette Willamette 44.4136 -122.6772 

13 L-0150 
 

Canyon Cr. Willamette/ West Side Upper Willamette Willamette 44.9077 -123.4194 

13 L-0150 
 

Luckiamute Cr. Willamette/ West Side Upper Willamette Willamette 44.7474 -123.1477 

14 L-0149 
 

Big White Salmon R. Big White Salmon Middle Columbia Big White Salmon 45.7993 -121.4846 

15 L-0212 
 

Rock Cr. Rock Middle Columbia Columbia Lower Middle 45.8066 -120.5104 

16 L-0164 
 

Fifteen Cr. Fifteenmile Middle Columbia Fifteenmile 45.6251 -121.0656 

17 L-0228 
 

Beech Cr. John Day Middle Columbia John Day 44.4733 -119.0332 

17 L-0228 
 

Upper Mainstem J. D. John Day Middle Columbia John Day 44.3945 -118.5764 

18 L-0187 
 

Upper M. F.  J. D. M. F. John Day Middle Columbia John Day 44.6195 -118.5679 

19 L-0186 
 

Granite Cr. N. F. John Day Middle Columbia John Day 44.8383 -118.4770 

19 L-0186 
 

Middle N. F.  J. D. N. F. John Day Middle Columbia John Day 45.0213 -118.9905 

20 L-0172 
 

Iskuulpa Cr. Umatilla Middle Columbia Umatilla 45.6997 -118.3971 

21 L-0216 
 

Touchet R. Walla Walla Middle Columbia Walla Walla 46.0470 -118.6770 

22 L-0173 
 

Nile/ Naches R. Yakima Middle Columbia Yakima 46.8338 -120.9451 

23 L-0165 
 

Satus Cr. Yakima Middle Columbia Yakima 46.2621 -120.1124 

24 L-0226 
 

Pileup/ Naches R. Yakima Middle Columbia Yakima 47.0448 -121.1829 

24 L-0226 
 

Quartz/ Naches R. Yakima Middle Columbia Yakima 47.0178 -121.1338 

25 L-0185 
 

Methow R. Methow Upper Columbia Methow 48.4756 -120.1819 
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26 L-0168 
 

Salmon Cr. Okanogan Upper Columbia Okanogan 48.3747 -119.5911 

27 L-0169 
 

Chiwaukum R. Wenatchee Upper Columbia Wenatchee 47.6881 -120.7407 

28 L-0213 
 

Entiat R. Entiat Upper Columbia Entiat 47.6964 -120.3227 

29 L-0244 
 

Tucannon R. lower Snake Snake Tucannon 46.3097 -117.6572 

30 L-0191 
 

Mission Cr. Lapwai/ Clearwater Snake Clearwater 46.3228 -117.1368 

31 L-0196 
 

E. F. Potlatch R. Lower Clearwater Snake Clearwater 46.3672 -116.7360 

32 L-0170 
 

Fish/ Lochsa R. M. F. Clearwater Snake Clearwater 46.7984 -116.4194 

33 L-0239 
 

E. F. Moose/ Selway R. M. F. Clearwater Snake Clearwater 46.3336 -115.3471 

34 L-0192 
 

Lake/ Lochsa R. M. F. Clearwater Snake Clearwater 46.1634 -114.9006 

35 L-0241 
 

Little Clearwater/ Selway R. M. F. Clearwater Snake Clearwater 46.4632 -114.9965 

36 L-0184 
 

Dworshak Hatchery N. F. Clearwater Snake Clearwater 45.7441 -114.7895 

37 L-0238 
 

Crooked R. S. F. Clearwater Snake Clearwater 46.5160 -116.2920 

38 L-0243 
 

Tenmile Cr. S. F. Clearwater Snake Clearwater 45.8211 -115.5272 

39 L-0236 
 

Asotin Cr. lower Snake Snake Asotin 45.8057 -115.6833 

40 L-0189 
 

Captain John Cr. lower Snake Snake Snake Hells Canyon 46.0278 -117.0177 

41 L-0240 
 

Joseph Cr. Grande Ronde Snake Grande Ronde 45.5716 -115.1919 

42 L-0237 
 

Bargamin Cr. Bargamin Snake Salmon 45.4523 -114.9310 

43 L-0190 
 

Chamberlain Cr. Chamberlain Snake Salmon 45.2019 -116.3114 

44 L-0194 
 

Boulder Cr. Little Salmon Snake Salmon 45.7523 -116.3198 

45 L-0166 
 

Whitebird Cr. Lower Salmon Snake Salmon 44.5976 -114.8123 

46 L-0167 
 

Loon Cr. M. F. Salmon Snake Salmon 44.4493 -115.2301 

47 L-0193 
 

Marsh Cr. M. F. Salmon Snake Salmon 44.6844 -114.0403 

48 L-0245 
 

Pahsimeroi Hatchery Pahsimeroi Snake Salmon 45.0692 -115.8140 

49 L-0171 
 

Lick Cr. S. F. Salmon Snake Salmon 44.6070 -115.6810 

50 L-0242 
 

Stolle Meadows S. F. Salmon Snake Salmon 44.3514 -114.7297 

51 L-0156 
 

W.  F. Yankee Fork R. Upper Salmon Snake Salmon 46.1515 -116.9340 
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Figure 2. Map displaying sampled Chinook salmon (O. tshawytscha) populations. Each numbered population represents a RAD 

library in preparation (Table 2). Red circles identify additional collections with available genotypic data from a companion project: 

Range wide analysis of Chinook salmon (Hecht et al. 2015). 
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Table 2. Geographic distribution and locations of Chinook salmon RAD populations. 

 

population 
       

sample size (n) 

ID# name BPA Subbasin region 
 

Lat Long Lineage Run-type Origin Objective prep target 

 
 

 
  

        1 Cowlitz R. Cowlitz LC 
 

46.5130 -122.6350 LC Fall NOR 1,2,3 60 48 

2 Kalama R. Kalama LC 
 

46.0170 -122.7330 LC SP NOR 1,2 60 48 

3 Lewis R. Lewis LC 
 

45.9530 -122.5844 LC early Fall NOR 1,2,3 48 40 

4 Lewis R. Lewis LC 
 

45.9530 -122.5844 LC Late Fall NOR 1,2,3 48 40 

5 Lewis R. Lewis LC 
 

45.9530 -122.5844 LC SP NOR 1,2,3 60 48 

6 Lewis R. Lewis LC 
 

45.9530 -122.5844 LC SP HAT 1,2,3 60 48 

7 Hanford Reach Col. lower Mid. MC 
 

46.7125 -119.4811 OT Fall NOR 1,2 60 48 

8 Deschutes R.; (1970) Deschutes MC 
 

44.6572 -121.2576 OT Fall NOR 1,4 60 48 

9 Upper Deschutes R. Deschutes MC 
 

44.8777 -121.0478 ST SP NOR 1,2 60 48 

10 M.F. John Day R. John Day MC 
 

44.7600 -119.6500 ST SP NOR 1 60 48 

11 upper John Day R. John Day MC 
 

44.7600 -119.6500 ST SP NOR 1 60 48 

12 Klickitat R. Klickitat MC 
 

45.7100 -121.2700 ST SP HAT 1,2,3 60 48 

13 Klickitat R. Klickitat MC 
 

45.7100 -121.2700 ST SP NOR 1,2,3 60 48 

14 American R. Yakima MC 
 

46.9760 -121.1580 ST SP NOR 1 60 48 

15 Lower Crab Cr. Crab UC 
 

46.8281 -119.8742 OT Fall? NOR 1,4 60 48 

16 Methow R. Methow UC 
 

48.2960 -120.0840 ST SP NOR/HAT 1,2 60 48 

17 Tucannon R. Tucannon Snake 
 

46.5260 -118.1420 ST SP HAT 1,2 60 48 

18 Lochsa R. (Powell) Clearwater Snake 
 

46.5080 -114.6810 ST SP NOR 1,2 60 48 

19 Selway R. Clearwater Snake 
 

46.1308 -115.5929 ST SP NOR 1,2 60 48 

20 Lostine R. Grande Ronde Snake 
 

45.5420 -117.5550 ST SP HAT 1 60 48 

21 Imnaha R. Imnaha Snake 
 

45.5610 -116.8340 ST SPSU NOR 1,2 60 48 

22 Bargamin Cr. Salmon Snake 
 

45.5679 -115.1930 ST SP NOR 1 60 48 

23 Chamberlain Cr. Salmon Snake 
 

45.4540 -114.9330 ST SP NOR 1 60 48 

24 East Fork Salmon R. Salmon Snake 
 

44.2590 -114.3170 ST SPSU NOR 1 60 48 

25 Johnson Cr. Salmon Snake 
 

44.8990 -115.4920 ST SPSU NOR 1,2,3 60 96 

26 Johnson Cr. Salmon Snake 
 

44.8990 -115.4920 ST SPSU HAT 1,2,3 60 48 
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Figure 3. Map displaying sampled sockeye salmon and Kokanee (O. nerka) populations. Each numbered population represents a collection that 

has been genotyped to characterize Columbia River stocks in a reference baseline (Table 3). Red circles identify collections added in calendar year 

2014.  
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Table 3. Geographic distribution and locations of O. nerka reference baseline populations. 

 

reference population 

      ID# name BPA Subbasin region 
 

Lat Long life history Origin (n) 

 
 

 
  

     1 Lake Ozette na WA coast 
 

48.1249 -124.6283 Sockeye native 205 

2 Lake Whatcom na Puget Sound 
 

48.6730 -122.2780 Kokanee native 46 

3 Speelyai Reservoir Lewis LC 
 

45.9877 -122.4088 Kokanee stocked 96 

4 Cougar Creek (Yale Reservoir) Lewis LC 
 

46.0613 -122.2928 Kokanee stocked 29 

5 Lake Billy Chinook; Metolius River Deschutes MC 
 

44.6180 -121.4677 ? stocked 589 

6 Suttle Lake/ Link Creek Deschutes MC 
 

44.4184 -121.7553 Kokanee stocked 687 

7 Paulina Lake Deschutes MC 
 

43.7130 -121.2770 Kokanee stocked 199 

8 Odell Lake Deschutes MC 
 

43.5851 -122.0434 Kokanee stocked 59 

9 Tieton River (Rimrock Lake) Yakima MC 
 

46.6601 -121.1266 Kokanee stocked 47 

10 Gold Creek (Keetchelus Lake) Yakima MC 
 

47.3928 -121.3809 Kokanee stocked 92 

11 Cle Elum Lake Yakima MC 
 

47.2455 -121.0743 Sockeye reintroduced 100+ 

12 Wenatchee Lake (Tumwater Dam) Wenatchee UC 
 

47.6170 -120.7230 Sockeye native 344 

13 Palmer Lake Okanogan UC 
 

48.9113 -119.6471 Kokanee stocked 62 

14 Osoyoos Lake na B. C. Canada 
 

48.9423 -119.4296 Sockeye native 212 

15 Meadow Creek (Kootenay Lake) na B. C. Canada 
 

50.2170 -116.9830 Kokanee hatchery 46 

16 Wallowa Lake Grande Ronde Snake 
 

45.2810 -117.2090 Kokanee stocked 66 

17 Warm Lake (S. F. Salmon River) Salmon Snake 
 

44.6480 -115.6710 Kokanee ? 68 

18 Stanley Lake Salmon Snake 
 

44.2090 -115.0840 Kokanee ? 53 

19 Redfish Lake Salmon Snake 
 

44.1442 -114.9133 Sockeye native 86 

20 Fishhook Creek Salmon Snake 
 

44.1476 -114.9243 Kokanee native 96 

21 Pettit Lake Salmon Snake 
 

43.9780 -114.8820 Kokanee stocked 70 

22 Alturas Lake Salmon Snake 
 

43.9090 -114.8650 Kokanee stocked 59 
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Figure 4. O. nerka baseline NJ tree topology. Bootstrap support values appear in red font. A 

primary node with 71% bootstrap support (blue star) separates sockeye salmon populations and 

Snake River kokanee populations from all remaining kokanee populations (black circles 

represent sockeye salmon).  
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Methods 

Baseline sampling and expansion 

Collections of O. tshawytscha, O. mykiss, and O. nerka have been chosen for baseline expansion 

based on availability, novelty, and in accordance with our goal of reaching complete coverage of 

extant stocks within the Columbia River Basin. Priority collections for all three species have 

been identified as those important to basin-wide harvest and hatchery management, particularly 

in tribal fisheries. This includes major supplementation stocks for all three species, lower 

Columbia, ocean-type, and stream-type lineages of Chinook salmon, inland and coastal lineages 

and summer-run and winter-run ecotypes of steelhead, and the anadromous (sockeye salmon) 

and land-locked (kokanee) forms of O. nerka. Species-specific baselines may include life history 

variants such as potentially distinct populations of resident O. mykiss (Narum et al. 2008a; 

Narum et al. 2011). Existing baselines comprised of putatively neutral SNPs (e.g. 180 loci for O. 

myiss) have been well characterized and are currently used extensively for genetic stock 

identification (GSI). The GSI application continues to inform managers on several fronts, 

including: harvest management, abundance estimates, life history distinctions and conservation 

needs.  Our most recent efforts focus on expanding genetic characterizations throughout the 

basin that will provide information about adaptive potentials, influential natural selective forces 

and the responses of fish to those forces. Advanced technologies in genotyping were initiated by 

CRITFC in 2014. We have begun employing a genotyped by RAD-tag sequencing approach as 

described in detail in section 1 of this report. Screening of thousands or tens of thousands of SNP 

loci is likely to result in an unprecedented level of resolution in GSI evaluations, while revealing 

many potential loci under selection. 

 

In Calendar year 2014, there were 51 O. mykiss populations designated for RAD genotyping 

(Table 1; Figure 1). Sequence genotypes were collected and are currently in the quality filtering 

phase of analysis.  No genetic analysis of these populations has been completed. In Calendar 

year 2014, there were 26 O. tshawytscha populations designated for RAD genotyping (Table 2; 

Figure 2). Sequence genotypes are currently being collected but no genetic analysis of these 

populations has been completed to date. The O. nerka baseline was expanded by five collections 

(Table 3; Figure 3), and genotyped at 96 SNP loci described in Hess et al. (2012). Our two 

primary goals for these three species are: 1) annual genetic stock identification (GSI) analyses 

that will be used for monitoring of fishery returns through the migratory corridor, including 

harvest GSI in the lower Columbia River, and fish passage GSI at Bonneville and Lower Granite 

dams (see sections 3 & 4 of this report), 2) maintenance of  a ten year SNP baseline expansion 

(including RAD-tag sequencing) for application in various analyses including population 

structure analyses, investigation of landscape genetics, and adaptive differentiation among 

populations. 

 

Laboratory Protocol  

Methods for DNA extraction, DNA amplification, microfluidics, and genotyping of SNP assays 

are available at (https://www.monitoringmethods.org/Protocol/Details/230). The Monitoring 

Methods template for section 2 of this report is ID#230, owner: Matthew Campbell. Additional 

species or population specific details are available in Hess et al. (2012). For methods using 

genotyping by sequencing, or RAD-tag sequencing see Monitoring Methods #4144, owner: 

Nathan Campbell. SNP discovery using the RAD-tag sequencing technique is described in 

section #1 of this report. 

https://www.monitoringmethods.org/Protocol/Details/230
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Results 
O. nerka  

The mean pairwise genetic distances among all Snake River populations and among all 

Deschutes River populations were FST=0.318 and FST =0.052 respectively.  For comparisons 

within life history types the mean among-group variation was FST =0.227 for sockeye salmon 

populations, and FST =0.167 for kokanee populations. The comparison between life history types 

(i.e. kokanee vs. sockeye) revealed an FST of 0.264. Note that this is lower than the genetic 

distance between Snake River kokanee and Redfish Lake sockeye (FST=0.318). Genetic 

similarity among O. nerka populations within each region or major sub-basin was depicted 

through phylogenetic relationships in the topology of an unrooted NJ phylogram (Figure 4). The 

confidence or concordance (>50%) of the NJ topology is indicated with bootstrap values at the 

nodes.  Results revealed defined clustering of the most genetically similar collections for O. 

nerka. Collections within each region exhibited greater similarity than comparisons between 

regions (i.e., Wenatchee River, Deschutes River, Osoyos Lakes, and Snake River). With the 

exception of Snake River kokanee populations, the sockeye salmon populations clustered 

distinctly from kokanee populations from across a broad geographic distribution.  

 

Discussion 

 

Over the past several years we have compiled extensive data sets of SNP genotypes for Chinook 

salmon steelhead and O. nerka covering diverse regions in the Columbia River Basin (including 

the Snake River Basin).  Our goal has been to construct SNP baselines that will be expanded 

annually to provide continued evaluation of these species that is both spatially and temporally 

stratified.  This strategy assures the greatest likelihood of discerning reproductively distinct 

aggregations for each species through time (Waples 1991), while monitoring population viability 

related to demographic trends that occur locally and/or regionally.  Philopatry (Quinn et al. 1991, 

Hendry et al. 2003) and hatchery supplementation activities (Ford et al. 2006; Hard & Heard 

1999) will play a major role in how genetic divergence and differentiation is distributed 

geographically, and it will be important to evaluate such impacts for potential effects on the 

ability to differentiate populations both qualitatively (phenotypes; landscapes) and quantitatively 

(e.g., genetic stock identification). Our past results have been verified and substantiated through 

replication and comparisons of published data (Waples et al. 2004; Narum 2008b; Narum et al. 

2010b).  That work has led to the discovery of outlier loci for adaptive divergence. Our current 

efforts will expand our understanding of non-neutral genetic variation among populations for all 

three species. The RAD datasets under construction will demonstrate the utility of SNPs to 

characterize adaptive variation, as was observed in a recent range-wide analysis of Chinook 

salmon (Hecht et al. 2015). Environmental and climate related variables, likely to have 

significant influence on allele frequencies, have been identified (e.g., precipitation, temperature 

maximums and minimums, elevation, etc.) and those data have been recorded for the purposes of 

in-depth testing of landscape associations. 

 

The expansion efforts reported here complement previously reported results.  The continued 

expansion of SNP panels and updating of baseline collections will help us achieve a greater level 

of resolution (or statistical power to identify population distinctions), at least among the major 

tributaries and sub-basins throughout the CRB. Such results will be most beneficial to the larger 

application of the baselines, namely genetic stock ID.  Annual implementations of each baseline 
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expansion have proven valuable for frequently increasing resolution on a regional scale (but also 

locally). In comparisons among species-specific SNP panels, the panel for O. nerka has been 

extremely powerful owing to the biological and life history complexity of this species and its 

distribution within the CRB.  In the past, our ability to differentiate among regions and in some 

cases within regions has exceeded what we have been able to ascertain with Chinook salmon and 

steelhead.  However, the application of next generation sequencing techniques (i.e. 21,619 

Chinook loci) has proven powerful, and the datasets currently being compiled for Chinook 

salmon and steelhead should yield a comparable depth of information. Locus associations with 

environment may be highly informative for GSI and other applications, particularly with regard 

to run timing. Applications of this nature have already been shown to be useful for identifying 

population differences distributed across landscapes (e.g., Narum et al. 2010a; Matala et al. 

2011).  Our data will be implemented in current and ongoing application of PBT and GSI 

methods for each species. PBT can be used to validate assignment origins based on GSI. Future 

efforts include adding collections to the baseline to increase basin-wide coverage of all species, 

particularly those that account for stock transfer history of O. nerka throughout the basin. We 

also intend to continually strive to increase the numbers of markers (SNP loci) employed for 

genetic applications.  
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Section 3: Genetic Stock Identification of Chinook Salmon, Sockeye Salmon, and Steelhead 

Harvest Mixtures in the Mainstem Columbia River 

 

Introduction 

 

Genetic Stock Identification (GSI) methods have proven to be effective in determining 

the proportion of stock origin in mixed stock applications of salmonids (Shaklee et al. 1999, 

Winans et al. 2004, Beacham et al. 2006, and Beacham et al. 2011).  These methods have been 

demonstrated to be useful even at relatively fine geographic scales within the Columbia River 

Basin (CRB) (Hess et al. 2011, Hess and Narum 2011, Hess et al. 2014).  Within the CRB, 

Chinook salmon consist of three major genetic lineages and steelhead consist of two major 

genetic lineages, and lineages of both species can be further broken into populations that are 

genetically structured on a finer spatial scale (e.g., Waples et al. 2004; Narum et al. 2010; 

Blankenship et al. 2011).  In this study we use separate groups of SNP markers to discriminate 

19 reporting groups for Chinook salmon, 4 reporting groups for sockeye salmon, and 14 

reporting groups for steelhead. 

Figure 1. Project scope showing sources of Chinook salmon, sockeye salmon, and steelhead 

mixtures that were analyzed using GSI. 
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Despite continuous improvements of the power of our Chinook salmon and steelhead 

baselines in GSI applications (Hess et al. 2014), we have determined that further improvement in 

the detail of data and accuracy of stock assignments could be made by utilizing a recently 

developed genetic technology, parentage based tagging (PBT), in combination with GSI, in a 

tiered approach for stock identification.  PBT is an efficient approach for mass tagging of fish.  

The method is carried out by first genotyping a set of potential parents which then provides the 

opportunity to assign a set of genotyped offspring to their true parent pair.  PBT is currently 

being utilized on a broad scale in the Columbia River Basin to tag all Snake River Chinook 

salmon and steelhead hatchery broodstock (Steele et al. 2011).  This application has effectively 

tagged all Snake River hatchery Chinook salmon and steelhead starting with the 2008 brood 

years.  When parent pairs of a Snake River hatchery fish are identified with PBT, we can provide 

accurate information including age of the fish and the source hatchery in which its parents were 

spawned.  We use PBT in this Chinook salmon and steelhead harvest study to identify all Snake 

River hatchery-origin fish, and then we use GSI to estimate stock-of-origin of all other hatchery 

fish that were not assigned with PBT (i.e. non-Snake River hatchery-origin) and all wild fish.  

PBT can assign the 3-, 4-, and 5-year old Snake River hatchery-origin spring Chinook salmon 

(i.e. brood years 2009 – 2011) from the 2014 spring Chinook salmon harvest and the 1-, 2-, and 

3-ocean age Snake River hatchery-origin steelhead (i.e. brood years 2010 – 2012) from the 2014 

steelhead harvest.  Eventually the PBT baseline will be expanded beyond the Snake River, and 

this year we continue with our inclusion of the first middle Columbia River hatchery, Klickitat 

spring Chinook salmon hatchery.   

An additional improvement to our genotyping technology has been the application of a 

genotyping-in-thousands by sequencing (GT-seq) approach that has been developed in our 

laboratory (Campbell et al. 2015).  This approach has increased the cost-effectiveness for 

genotyping moderate numbers of SNP loci (100s) for relatively large numbers of individuals 

(1000s), which allows us to run all SNP loci regardless of whether we intend to use primarily 

PBT analyses or a combination of PBT and GSI.  Therefore, we avoid the difficult decisions we 

have had to make in past years (Hess et al. 2015), in which we needed to consider the primary 

goal of the project before selecting which panels of SNP markers were required.  Not only is the 

genotyping decision process simplified, but our projects now benefit from the additional data that 

comes from genotyping with all available markers. 

Fisheries conducted in the mainstem of the lower and middle Columbia River provide an 

ideal and important application of genetic stock analyses because the fish harvested consist of 

mixtures of stocks from a large extent of the CRB.  Further, Chinook salmon fisheries in this 

location represent a majority of the CRB harvest of this species taken by the commercial, sport, 

and tribal fishermen. In order to help support sustainable fisheries, PBT and GSI can be used to 

address two primary questions: 1) how are Chinook salmon and steelhead stocks temporally and 

spatially distributed in the mainstem Columbia River; and 2) how are these stocks temporally 

and spatially distributed in the harvests of fisheries. 

 

Project objectives and higher level harvest management questions 

Our study had four primary objectives: 1) utilize a combination of PBT and GSI analyses 

to estimate stock composition of Chinook salmon passing Bonneville Dam; 2) determine stock 

composition of Chinook salmon harvested in sport, commercial, and tribal fisheries in the 

mainstem Columbia River; 3) utilize a combination of PBT and GSI to estimate stock 

composition of unclipped steelhead harvested above Bonneville Dam in the zone 6 fishery; and 
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4) utilize GSI to estimate stock composition of sockeye salmon harvested above and below 

Bonneville Dam in commercial, sport, and tribal fisheries.  Results from these objectives were 

used to address: 

Harvest RM&E: F&W Program Management Question: What are your in-river 

monitoring results and what are your estimates of stock composition and stock-specific 

abundance, escapement, catch, and age distribution? 

Increasingly, we are tailoring our analyses to address specific questions that fisheries 

managers have presented to us.  For example, in 2012 managers proposed extending the 

geographic boundary of one of the mark selective spring-run Chinook salmon sport fisheries 

above Bonneville Dam that occurs at the mouth of the Wind River.  This extension created a 

larger “bubble” boundary at the mouth of the Wind River and was intended to increase Columbia 

River mainstem fishing access while maintaining targeted focus on Wind River spring-run 

Chinook salmon.  In 2012 and 2013, we examined the stock composition of the Wind River sport 

harvest and provided context by comparing stock proportions among the various samples from 

other fisheries and Bonneville Dam that were analyzed that same year.  We repeated this analysis 

for fish harvested in 2014, and supplied similar information for the sport harvest in a nearby 

location, Drano Lake.  For steelhead, we have sampled a group of fish that were non-adipose 

clipped and captured in the tribal fishery harvest above Bonneville Dam in Zone 6, as well as the 

harvest conducted specifically in Drano Lake.  This steelhead project was in collaboration with 

Alan Byrne (Idaho Department of Fish and Game) and Stuart Ellis (Columbia River Inter-Tribal 

Fish Commission) and is currently being written into an IDFG Technical report.  Finally, we 

include in this report the second year of analysis of sockeye salmon fisheries in the Columbia 

River mainstem.  Differences in relative abundance of the three main stocks (Okanagan, 

Wenatchee, and Snake) provide challenges to managing lower river harvest because the desire to 

harvest the highly abundant Okanagan stock around the much less abundant Snake River stock 

and moderately abundant Wenatchee River stock.  Stock composition estimates are expected to 

help determine how harvest is impacting these various stocks. 

 

Time line for completion of objectives 

Objectives will be ongoing and GSI results updated each year for harvest analyses of salmon and 

steelhead throughout the accords-funding.  As new genetic techniques are developed they will be 

applied to this project and results will be compared between years to determine the extent of 

improvements. 

 

Our study was not designed to address the following question: 

Harvest RM&E: F&W Program Management Question: Can selective fisheries 

targeting hatchery fish or healthy populations reduce impacts on ESA-listed populations? 

 

 

Methods 

 

Methods for estimating stock composition are available at 

(https://www.monitoringmethods.org/Protocol/Details/229).  The Monitoring Methods Protocol 

is entitled Snake River steelhead and Chinook salmon stock composition estimates (2010-026-

00) v1.0. 

  

https://www.monitoringmethods.org/Protocol/Details/229
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Tissue collection of Chinook salmon, Sockeye salmon, and steelhead  

Tissues were sampled from Chinook salmon in 2014 from a total of ten different mixture 

sources: 1) Bonneville Dam (results discussed in section 4), and the spring-run seasons of the 

following fisheries: 2) lower river commercial, 3) lower river sport, 4) lower river test, 5) Wind 

R. sport, 6) Drano Lake sport, and 7) tribal spring, and the summer management period harvests 

of the following fisheries: 8) lower river commercial and 9) lower river sport, and the fall-run 

harvest from 10) the lower river mark-selective sport fishery of 2014. While fisheries generally 

harvest jack sized Chinook salmon at low rates and do not have specific harvest limits on jacks, 

jacks do comprise part of the harvest and may be sampled if encountered. Jacks are sampled at 

the Bonneville AFF trap in the proportion that they are encountered in the sampling.  Sampling 

restrictions at the AFF can result in biases in the size of fish sampled compared to the run at 

large. In addition, we analyzed a test fishery from the lower river that was conducted during the 

spring-run fishing season.  A portion of the spring season zone 6 tribal was sampled by Megan 

Begay as part of the Yakama Nation fishery program.  Harvest tissues were collected in 

coordination with existing monitoring programs led by Washington Department of Fish and 

Wildlife (WDFW) and Oregon Department of Fish and Wildlife (ODFW) and Yakama Nation.  

The spring management period Chinook salmon fisheries were sampled below Bonneville Dam 

in the sport and commercial fishery and tribal bank fishery immediately downstream of 

Bonneville Dam (regions A and B), and sampled above Bonneville Dam in region 01 as part of 

the Wind River and Drano Lake sport fisheries and Yakama Nation zone 6 fishery (Fig. 1, Table 

1). The summer management period fisheries were sampled below Bonneville Dam in the sport 

and commercial fisheries, and above Bonneville Dam in Zone 6 in the tribal commercial fishery.  

Due to limited funds, we analyzed a subset of samples (approximately 50 fish per weekly strata) 

obtained from the spring Chinook salmon sport and commercial fisheries below Bonneville Dam 

and the spring season zone 6 tribal fishery, and we analyzed subsets of up to 100 fish per weekly 

strata in the summer season sport and commercial fisheries below Bonneville Dam.  All samples 

were analyzed from the spring season sport mark-selective fisheries from the Wind River and 

Drano Lake, and the fall season mark selective fishery below Bonneville Dam because there 

were relatively few numbers of fish collected for each of these fisheries.  Fisheries in which we 

had to subsample the harvest, we selected fish randomly and with a balanced design across 

spatial regions.   

One part of the fall management period Chinook fishery was sampled only below 

Bonneville Dam.  Stock proportions were calculated for some groupings within each fishery 

source, such that stock proportions could be compared across geographic regions as well as 

adipose-clipped versus non-adipose-clipped categories for particular fisheries.  We use the 

following four main geographic regions (Fig. 1): Region A corresponds to our grouping of pre-

existing Oregon and Washington state sport fishing zones 1-4 (or commercial zones 4-5), Region 

B corresponds to our grouping of sport zones 5-10 (or commercial zones 1-3), and Region 01 

and Region 02 in the Zone 6 fishery correspond to pre-existing Oregon and Washington state 

fishing Zone 61 and a grouping of Zones 62 and 63, respectively.  These sets of groupings were 

established for this study in order to achieve balanced sampling for analysis of these fishery 

datasets, as well as to set an appropriate spatial scale of analysis to minimize variance of our 

estimates of stock proportions over temporal strata.
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Table 1. Characteristics of Chinook salmon harvest samples by fishery source, fin clip category, geographic region, and weekly strata. 

Fishery

Season Source Clip Region 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 37 38 Total

L River Commercial Y B 25 22 25 25 25 122

L River Commercial Y A 25 24 25 24 24 122

L River Test N B 3 7 12 7 8 6 6 5 2 2 58

L River Test Y B 11 26 36 40 38 41 28 17 5 8 2 252

L River Sport Y B 18 25 25 24 25 23 25 11 4 13 20 213

L River Sport Y A 3 24 25 24 25 23 25 37 14 20 16 236

Bonneville N 29 55 70 66 113 122 126 178 149 64 30 38 33 27 39 1139

Bonneville Y 85 189 161 113 131 139 85 90 99 44 19 19 20 22 9 1225

Wind R. Sport Y 01 9 26 72 42 13 2 164

Drano Lake Sport Y 01 2 13 54 42 111

Tribal Zone 6 N 01 3 13 4 12 17 49

Tribal Zone 6 N 02 7 12 0 0 20 21 12 16 88

Tribal Zone 6 Y 01 21 4 11 13 8 22 79

Tribal Zone 6 Y 02 17 32 0 0 12 11 11 9 25 117

L River Commercial N B 28 18 21 9 30 106

L River Commercial N A 34 39 30 20 31 154

L River Commercial Y B 20 7 6 9 18 60

L River Commercial Y A 16 11 12 7 46

L River Sport Y B 26 49 75

L River Sport Y A 31 48 79

F
a
ll

L River Sport Y B 149 1 150

Harvest Total 14 54 97 147 94 108 121 192 183 73 151 114 130 86 202 97 0 75 69 38 86 149 1 2281

Fall

Statistical week

SummerSpring

S
u

m
m

e
r

S
p

ri
n

g
S

p
ri

n
g

Note:  Statistical week 11 equals 3/10/2014 – 3/16/2014, week 25 equals 6/16/2014 – 6/22/2014, week 31 equals 7/28/2014 – 

8/3/2014, week 37 equals 9/8/2014 – 9/14/2014, and week 38 equals 9/15/2014 – 9/21/2014.  Regions are shown in Fig. 1.  

Adipose clip is indicated by “Y” and fin-intact is “N”. 
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Non-tribal fisheries during the spring management period for Chinook salmon are mark-selective 

based on absence or presence of the adipose fin to distinguish hatchery fish from natural origin 

fish, respectively.  These adipose markings make it possible to have a mark-selective sport and 

commercial fishery in which only fish with missing adipose fins (hatchery-origin) are legally 

retained.  Fish with intact adipose fins that are caught in these fisheries are released, but 

mortality rates are unknown from these releases.  In addition to sampling hatchery-origin fish 

from the mark selective commercial and sport fisheries, we were able to obtain samples from 

unclipped hatchery and natural origin fish from Bonneville Dam and the tribal zone 6 fishery 

above Bonneville Dam. 

 Tissues were sampled from sockeye salmon in 2014 from four fishery mixture sources: 1) 

lower river commercial, 2) lower river sport, 3) Bonneville Dam (results discussed in section 4), 

4) the tribal fishery in Zone 6.  All samples obtained from the sport and commercial fisheries 

below Bonneville Dam were analyzed, but due to the large number of samples from Zone 6, we 

analyzed a subset at a consistent 5% sample rate that was applied across statistical weeks 25 – 

29, and ~6% sample rate for harvest prior to week 25, and sample rates 23% and 21% for weeks 

30 and 31, respectively.  The higher sample rates at the beginning and end of the harvest period 

were intended to provide higher accuracy for the rare Snake River stock because we have 

observed this stock to increase in proportion toward the end of the harvest period.  Genetic 

samples were run on 6% of the total tribal catch.  

 Tissues were sampled from steelhead in 2014 from two fishery mixture sources: 1) 

Bonneville Dam (results discussed in section 4) and 2) the summer and fall season tribal fishery 

in Zone 6 (Fig. 1). The tribal fishery was conducted during the A and B Index accounting period 

(July 1st-October 31st) and was sampled as part of the Yakama Nation fishery monitoring 

program.  This fishery is not mark-selective, and we conducted genetic stock analyses on the 

subset of samples that were not adipose-clipped (putatively natural-origin).  However, there are a 

few steelhead hatcheries in the Snake River and in the upper Columbia River that release 

unmarked smolts as part of supplementation efforts and so a proportion of the samples in our 

dataset were expected to be unmarked hatchery-origin.  Fish with adipose clips were analyzed 

separately by IDFG and a report of those results has been generated with input from IDFG and 

CRITFC staff.  This year we had additional samples that were included in our analysis that were 

collected from the non-mark selective harvest in Drano Lake. 

 

 

Molecular data 

Methods for DNA extraction, DNA amplification, and genotyping of SNP assays using 

genotyping-in-thousands by sequencing (GT-seq) are available at 

(https://www.monitoringresources.org/Document/Method/Details/5446).  Additional details 

regarding how 192 SNPs were pared down to 186 SNPs can be found in Hess et al. (2012, 2013).  

Subsequently, we have reduced our GSI baseline from 186 SNPs to 179 SNPs, because we were 

unable to transition the full set of 186 SNPs to GT-seq protocols.  These 179 SNP markers were 

used for GSI, and for PBT analyses, we used 95 of the SNPs.  We used 180 total SNP markers 

for GSI of steelhead mixtures and 95 of these were used for PBT (Hess et al. 2013), these are the 

same as in last year’s report because all of them appear to work well in the GT-seq format. 
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GSI baselines for Chinook salmon, sockeye salmon, and steelhead 

Chinook salmon GSI analyses were performed using the updated baseline referred to as 

“Columbia River Basin Chinook salmon GSI baseline version 3.1” and is available on the 

FishGen website (https://www.fishgen.net).  This baseline deviates in a few minor ways from the 

baseline described in Hess et al. (2013, Section 2).  Sixty-one collections were delineated into the 

following 19 reporting groups: Columbia Rouge “01_YOUNGS”, West Cascade spring-run 

“02_WCASSP”, West Cascade fall-run “03_WCASFA”, Willamette River spring-run 

“04_WILLAM”, Spring Creek Group Tule fall-run “05_SPCRTU”, Klickitat River spring-run 

“06_KLICKR”, Deschutes River spring-run “07_DESCSP”, John Day River spring-run 

“08_JOHNDR”, Yakima River spring-run “09_YAKIMA”, upper Columbia River spring-run 

“10_UCOLSP”, Tucannon River spring-run “11_TUCANO”, Hells Canyon spring-run 

“12_HELLSC”, South Fork Salmon River spring-run “13_SFSALM”, Chamberlain Creek 

spring-run “14_CHMBLN”, Middle Fork Salmon River spring-run “15_MFSALM”, upper 

Salmon River spring-run “16_UPSALM”, Deschutes River fall-run “17_DESCFA”, upper 

Columbia River summer-/fall-run “18_UCOLSF”, and Snake River fall-run “19_SRFALL” 

(Table 2).  Reporting groups were primarily determined by the relative genetic similarity among 

populations according to a phylogenetic analysis, and our results demonstrate sufficient power to 

discern three reporting groups (17_DESCFA, 18_UCOLSF, and 19_SRFALL) among the 

interior ocean-type collections.  In one year, we had grouped all interior ocean-type collections 

into a single reporting group “Interior_Columbia_R_su/fa” (Hess et al. 2013).  Genetic distances 

were computed from allele frequencies based on Nei’s (1972) genetic distance, with the PHYLIP 

v 3.69 (Felsenstein 1989) and 1000 bootstrap replicates were performed.  Distances were 

clustered using the Neighbor – Joining method (Saitou and Nei, 1987), and a consensus tree was 

constructed (http://evolution.genetics.washington.edu/phylip/).
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Figure 2. Neighbor-joining tree of Chinook salmon baseline populations using Nei’s 1972 genetic distance of 179 SNP loci.  The 

clusters are labeled with names of reporting groups used to aggregate the collections based on a combination of factors including 
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genetic similarity, life history, and geographic proximity.  Bootstrap support is shown with shaded ovals.  We used a final set of 19 

reporting groups for all GSI analyses (Table 2).
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The 10_UCOLSP reporting group includes the following Bonneville pool hatchery stocks: 

Carson stock (Ots22), and Little White Salmon R. (Ots23) because they are genetically 

indistinguishable from Upper Columbia R. spring Chinook salmon (includes Walla Walla and 

Umatilla River stocks).  This composite group is notable because inclusion of these Bonneville 

pool stocks explains why a large proportion of fish from the Wind R. sport fishery should assign 

to this 10_UCOLSP reporting group.  The 01_YOUNGS reporting group represents an out-of-basin 

genetic stock (originating from the Rogue R., OR) that is reared within the Columbia R. at 

Youngs Bay. Basic QAQC was performed to remove duplicate individuals and strays from the 

reference populations in the baseline.  The baseline and reporting group data is available on 

FishGen. 
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Table 2. Sample sizes and reporting groups of Chinook salmon baseline populations.  

ID Collection  (n) Lineage Reporting Groups Reporting Group description 

OTS01 Youngs Bay fall-run 91 Rogue 01_YOUNGS Youngs Bay- Columbia Rogue stock 

OTS02 Cowlitz R spring-run 90 LC 02_WCASSP West Cascade spring-run 

OTS03 Kalama R spring-run 83 LC 02_WCASSP West Cascade spring-run 

OTS04 Cowlitz R fall-run 82 LC 03_WCASFA West Cascade fall-run 

OTS05 Elochoman R fall-run 86 LC 03_WCASFA West Cascade fall-run 

OTS06 Lewis R fall-run 93 LC 03_WCASFA West Cascade fall-run 

OTS07 NF Lewis fall-run 178 LC 03_WCASFA West Cascade fall-run 

OTS08 Sandy R fall-run 83 LC 03_WCASFA West Cascade fall-run 

OTS09 McKenzie R spring-run 78 LC 04_WILLAM Willamette River spring-run 

OTS10 N Santiam R spring-run 79 LC 04_WILLAM Willamette River spring-run 

OTS11 Sandy R spring-run 48 LC 04_WILLAM Willamette River spring-run 

OTS12 White Salmon fall-run 77 LC 05_SPCRTU Spring Creek tule fall-run 

OTS13 Spring Creek NFH tule fall-run 49 LC 05_SPCRTU Spring Creek tule fall-run 

OTS14 Klickitat R spring-run 84 ST 06_KLICKR Klickitat River spring-run 

OTS15 Shitike R spring-run 93 ST 07_DESCSP Deschutes River spring-run 

OTS16 Warm Springs R spring-run 90 ST 07_DESCSP Deschutes River spring-run 

OTS17 John Day R spring-run 78 ST 08_JOHNDR John Day River spring-run 

OTS18 Middle Fork John Day R spring-run 47 ST 08_JOHNDR John Day River spring-run 

OTS19 North Fork John Day R spring-run 42 ST 08_JOHNDR John Day River spring-run 

OTS20 American R spring-run 76 ST 09_YAKIMA Yakima River spring-run 

OTS21 Cle-Elum spring-run 88 ST 09_YAKIMA Yakima River spring-run 

OTS22 Winthrop NFH spring-run 82 ST 10_UCOLSP upper Columbia River spring-run/ Carson Hatchery spring-run 

OTS23 little White Salmon R spring-run 93 ST 10_UCOLSP upper Columbia River spring-run/ Carson Hatchery spring-run 

OTS24 Wenatchee R spring-run 109 ST 10_UCOLSP upper Columbia River spring-run/ Carson Hatchery spring-run 

OTS25 Entiat R spring-run 98 ST 10_UCOLSP upper Columbia River spring-run/ Carson Hatchery spring-run 

OTS26 Tucannon R spring-run 81 ST 11_TUCANO Tucannon River spring-run 

OTS27 Wenaha R spring-run 179 ST 12_HELLSC Hells Canyon spring-run 

OTS28 Lostine R spring-run 212 ST 12_HELLSC Hells Canyon spring-run 

OTS29 Grande Ronde R spring-run 314 ST 12_HELLSC Hells Canyon spring-run 
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OTS30 Imnaha R spring-run 96 ST 12_HELLSC Hells Canyon spring-run 

OTS31 Lolo Cr spring-run 89 ST 12_HELLSC Hells Canyon spring-run 

OTS32 Red R spring-run 221 ST 12_HELLSC Hells Canyon spring-run 

OTS33 Powell R spring-run 56 ST 12_HELLSC Hells Canyon spring-run 

OTS34 Red R weir spring-run 91 ST 12_HELLSC Hells Canyon spring-run 

OTS35 South Forth Salmon R spring-run 139 ST 13_SFSALM South Fork Salmon River spring/summer-run 

OTS36 Johnson Cr spring-run 137 ST 13_SFSALM South Fork Salmon River spring/summer-run 

OTS37 Secesh R spring-run 252 ST 13_SFSALM South Fork Salmon River spring/summer-run 

OTS38 Chamberlain Cr spring-run 219 ST 14_CHMBLN Chamberlain Creek spring/summer-run 

OTS39 Big Cr spring-run 139 ST 15_MFSALM Middle Fork Salmon River spring/summer-run 

OTS40 Camas Cr spring-run 55 ST 15_MFSALM Middle Fork Salmon River spring/summer-run 

OTS41 Loon Cr spring-run 107 ST 15_MFSALM Middle Fork Salmon River spring/summer-run 

OTS42 Sulphur Cr spring-run 94 ST 15_MFSALM Middle Fork Salmon River spring/summer-run 

OTS43 Bear Valley Cr spring-run 135 ST 15_MFSALM Middle Fork Salmon River spring/summer-run 

OTS44 Capehorn Cr spring-run 214 ST 15_MFSALM Middle Fork Salmon River spring/summer-run 

OTS45 Marsh Cr spring-run 228 ST 15_MFSALM Middle Fork Salmon River spring/summer-run 

OTS46 North Fork Salmon R spring-run 55 ST 16_UPSALM upper Salmon River spring/summer-run 

OTS47 Lemhi R spring-run 96 ST 16_UPSALM upper Salmon River spring/summer-run 

OTS48 Pahsimeroi R spring-run 92 ST 16_UPSALM upper Salmon River spring/summer-run 

OTS49 East Fork Salmon R spring-run 286 ST 16_UPSALM upper Salmon River spring/summer-run 

OTS50 Salmon R spring-run 83 ST 16_UPSALM upper Salmon River spring/summer-run 

OTS51 West Fork Yankee Fork spring-run 75 ST 16_UPSALM upper Salmon River spring/summer-run 

OTS52 Valley Cr spring-run 100 ST 16_UPSALM upper Salmon River spring/summer-run 

OTS53 Sawtooth Hatchery weir spring-run 186 ST 16_UPSALM upper Salmon River spring/summer-run 

OTS54 upper Deschutes R fall-run 252 OT 17_DESCFA Deschutes River fall-run 

OTS55 lower Yakima R fall-run 62 OT 18_UCOLSF upper Columbia River summer/fall-run 

OTS56 Hanford Reach fall-run 93 OT 18_UCOLSF upper Columbia River summer/fall-run 

OTS57 Wenatchee R summer-run 92 OT 18_UCOLSF upper Columbia River summer/fall-run 

OTS58 Entiat R summer-run 51 OT 18_UCOLSF upper Columbia River summer/fall-run 

OTS59 Methow R summer-run 87 OT 18_UCOLSF upper Columbia River summer/fall-run 

OTS60 Lyons Ferry weir fall-run 90 OT 19_SRFALL Snake River fall-run 

OTS61 Clearwater R fall-run 228 OT 19_SRFALL Snake River fall-run 
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 Note: Chinook salmon baseline collections (n=7083). Lineages are: ST- stream type, OT – ocean type, and LC – Lower Columbia. 
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Sockeye salmon GSI analyses utilized the baseline described in Hess et al. (2013), and 

has previously been shown to accurately discriminate among the three major stocks in the 

Columbia River: Wenatchee, Okanagan, and Snake River sockeye salmon.  The transition to GT-

seq required omission of several loci due to poor genotyping quality with the new protocols.  A 

total of 90 SNPs were used for these analyses.  

Steelhead GSI analyses utilized a similar baseline as described in Hess et al. (2013), 

however some additional collections were included and some collections were removed.  The 

modified baseline is referred to as “Columbia River Basin steelhead GSI baseline version 3.3” 

and is available on the FishGen database as part of a multi-agency collaboration (M. Campbell, 

IDFG, http://www.fishgen.net).  This baseline includes 116 baseline collections were delineated 

into the following 13 Columbia River Basin reporting groups: 02_LOWCOL, 03_SKAMAN, 

04_WILLAM, 05_BWSALM, 06_KLICKR, 07_MGILCS, 08_YAKIMA, 09_UPPCOL, 

10_SFCLWR, 11_UPCLWR, 12_SFSALM, 13_MFSALM, and 14_UPSALM.  In addition, 

there is a single reporting group (01_WCOAST, Quinault Hatchery) which is an outgroup for the 

Columbia River collections.  The 07_MGILCS reporting group includes the following Snake 

River stocks: George Cr, Asotin Cr, Alpowa Cr, and Tucannon R as well as the reporting groups 

from the Grande Ronde, Imnaha, Lower Clearwater and Lower Salmon R.; because they are 

genetically indistinguishable from other middle Columbia River stocks. It is notable that this 

group contains part of the Snake River DPS and part of the Mid-Columbia DPS.  Other studies 

(e.g. PIT-tags show high levels of straying of natural-origin fish, J. Bumgarner WDFW pers. 

comm.) appear to support this lack of distinction among populations that occur in the middle 

Columbia River and Snake River DPS.  We created a map of the geographic distribution of the 

baseline collections and reporting groups (Fig. 3). 

.
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Figure 3. Geographic distribution of collections represented in the Columbia River steelhead GSI and PBT genetic baselines.  
The shape overlay represents the geographic extent of the following 14 reporting groups in the GSI baseline: 1) Quinault (WCOAST), 

2) lower Columbia River (LOWCOL), 3) Skamania hatchery releases at three sites in lower Columbia River, Willamette River, and 

Klickitat River (SKAMAN), 4) Willamette River (WILLAM), 5) Big White Salmon River (BWSALM), 6) Klickitat River (KLICKR), 

7) middle Columbia River, Grande Ronde River, Imnaha River, lower Snake River, lower Clearwater River, and lower Salmon River 

(MGILCS), 8) Yakima River (YAKIMA), 9) upper Columbia River (UPPCOL), 10) South Fork Clearwater River (SFCLWR), 11) 

upper Clearwater River (UPCLWR), 12) South Fork Salmon River (SFSALM), 13) Middle Fork Salmon River (MFSALM), and 14) 

upper Salmon River (UPSALM).  There are 116 collections (filled circles) categorized into reporting groups.  The PBT baseline is 
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indicated as 8 stocks (crossed circles) corresponding to the following sites where fish are collected and spawned for broodstock: 

Lyons Ferry Hatchery (LYON), Wallowa (WALL), Little Sheep Creek (LSCR), Oxbow Hatchery (OXBO), Dworshak Hatchery 

(DWOR), upper Salmon River B-run (UPSB), Sawtooth Hatchery (SAWT), and Pahsimeroi Hatchery (PAHH).  Bonneville Dam 

(star) is the site where fish were non-lethally sampled for the mixed-stock analysis.
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Baseline power analyses 

The accuracy of the Chinook and sockeye salmon and steelhead baselines was characterized 

using mixture simulations performed by the program ONCOR v1.0 (available at 

http://www.montana.edu/kalinowski).  Method: Predicting the accuracy of genetic stock 

identification v1.0 (https://www.monitoringmethods.org/Method/Details/1346). 

 

Combined application of PBT and GSI 

We combined PBT and GSI results together by first accepting all confident PBT 

assignments to hatchery broodstock for the Chinook salmon and steelhead individuals and then 

for the remaining individuals, we used the best estimate GSI assignments to provide likely 

population of origin.  Current PBT baselines allowed us to identify the source hatcheries of 3-, 4-

, and 5-year old Snake River and Klickitat River spring-run Chinook salmon (2009–2011 

broodyears) and the 1-, 2-, and 3-ocean age steelhead from the Snake River (2010–2012 

broodyears).  For Snake River steelhead the SNPPIT file included brood years 2010–2012 (See 

methods for Parentage assignments using SNPPIT software v1.0, ID: 1341). 

The program ONCOR was used to estimate the most likely population-of-origin for the 

Chinook salmon and steelhead harvest samples.  Individuals were assigned using a “best 

estimate” approach (Method: Assigning individual samples using Individual Assignment (IA) 

genetic methods v1.0, ID: 1334).  We also used GSIsim for “Mixture modeling to estimate stock 

proportions v1.0” (ID: 1333). 

 

http://www.montana.edu/kalinowski
https://www.monitoringmethods.org/Method/Details/1346
https://www.monitoringmethods.org/Method/Details/1346
https://www.monitoringmethods.org/Method/Details/1346
https://www.monitoringmethods.org/Method/Details/1341
https://www.monitoringmethods.org/Method/Details/1334
https://www.monitoringmethods.org/Method/Details/1334
https://www.monitoringmethods.org/Method/Details/1333
https://www.monitoringmethods.org/Method/Details/1333
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Results 

 

Accuracy testing of 179 SNP Chinook salmon baseline 

The 61 collections were grouped into 19 reporting groups based on the clustering we observed in 

the phylogenetic analysis (Fig. 2). Results from the leave-one-out analysis showed less than half 

of the baseline collections displayed greater than 90% correct individual assignment to the 

reporting group level, however nearly 60% of the collections displayed greater than 80% correct 

assignment.  Reporting groups comprised of collections that averaged less than 80% correct 

assignment based on leave-one-out analysis include the following: 08_JOHNDR, 10_UCOLSP, 

11_TUCANO, 12_HELLSC, 13_SFSALM, and 19_SRFALL. In general, the spring-run (interior 

stream-type lineage) baseline collections displayed the lowest correct assignment.  The values 

for average correct assignment based on this leave-one-out analysis and average proportions 

from 100% simulations are provided for each reporting group (Table 3). 

 

Table 3. Average GSI accuracy for Chinook salmon at the reporting group level using 179 SNPs.  

179 SNP baseline Leave- 100% 

Reporting groups 1-out sims 

01_YOUNGS 100.00% 100.00% 

02_WCASSP 80.40% 99.50% 

03_WCASFA 93.20% 99.73% 

04_WILLAM 100.00% 99.84% 

05_SPCRTU 93.05% 99.96% 

06_KLICKR 97.10% 99.84% 

07_DESCSP 91.15% 99.84% 

08_JOHNDR 64.17% 77.78% 

09_YAKIMA 100.00% 99.51% 

10_UCOLSP 72.68% 96.27% 

11_TUCANO 75.70% 99.36% 

12_HELLSC 73.03% 96.99% 

13_SFSALM 70.00% 97.27% 

14_CHMBLN 86.10% 99.79% 

15_MFSALM 86.69% 99.22% 

16_UPSALM 85.29% 98.97% 

17_DESCFA 92.00% 99.82% 

18_UCOLSF 87.30% 94.95% 

19_SRFALL 73.45% 98.09% 

Grand Total 83.27% 97.34% 

Note:  Accuracy is based on results from leave-1-out and 100% mixture simulations performed with the 

program ONCOR. 
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Parentage based tagging assignments of spring-run Chinook salmon in harvest and at Bonneville Dam 

The PBT analysis resulted in 1,390 hatchery-origin salmon that could be assigned back to Klickitat and Snake River hatchery 

broodstock parents that were spawned in 2009 – 2011 (Table 4).  These salmon were found to have originated from the following 

sixteen sources: S.F. Clearwater, Catherine Creek, Dworshak, Grande Ronde, Imnaha, Johnson Creek, Klickitat, Lookingglass Creek, 

Lostine, McCall, Nez Perce Tribal, Pahsimeroi, Clearwater (Powell), Rapid River, Sawtooth, and Lyons Ferry (Tucannon) hatcheries.  

Among the 4-year-old fish, the broodstock from Rapid R. 2010 yielded the highest number of assignments (N=385), and multiple 

broodstocks yielded the least (N=1).  There were sixteen 4-year-olds and 3 jacks sampled from the Wind R. fishery that assigned to 

the following PBT source hatcheries: S.F. Clearwater, Dworshak, Klickitat, Powell, and Rapid R. hatcheries. 

 

Table 4. Summary information on numbers and origins of Chinook salmon that assigned to the PBT baseline.  

   Region: Lower river        

   Fishery: 
Com-

mercial 
Test Sport 

Bonneville 

Dam 
Tribal Wind Drano  

PBT source 

hatchery 
PBTpop 

Tag 

Rate 
Origin: HOR HOR NOR HOR HOR NOR HOR NOR HOR HOR Total 

LSRCP/IDFG - 

Clearwater (SF) 

OtsCLWH10S 99.5% 

 

3 6 

 

8 26 4 6 

 

1 1 55 

OtsCLWH11S 95.6% 

 

2 2 

 

1 4 0 

    

9 

LSRCP/ODFW - 

Catherine Creek  

OtsCTHW10S 89.3% 

  

2 

 

2 3 0 1 

   

8 

OtsCTHW11S 91.7% 

    

1 0 0 

    

1 

LSRCP/USFWS 

- Dworshak 

OtsDWOR09S 98.9% 

    

4 2 0 

    

6 

OtsDWOR10S 98.5% 

 

9 22 

 

23 64 3 12 1 5 

 

139 

OtsDWOR11S 99.0% 

 

4 1 1 4 15 0 1 

 

1 

 

27 

LSRCP/ODFW - 

Grande Ronde  

OtsGRUW10S 98.6% 

   

1 1 3 4 1 

   

10 

OtsGRUW11S 99.5% 

     

3 4 1 

   

8 

LSRCP/ODFW - 

Imnaha 

OtsIMNW09S 97.4% 

     

1 0 1 

   

2 

OtsIMNW10S 97.6% 

 

5 

  

5 9 1 2 

   

22 

OtsIMNW11S 94.4% 

    

4 10 1 

 

1 

  

16 

Johnson Cr. 
OtsJHNW10S 94.2% 

     

2 5 

    

7 

OtsJHNW11S 97.5% 

     

0 2 

    

2 
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Klickitat 

Hatchery 

OtsKLKH09S 99.3% 

 

1 

   

2 0 

    

3 

OtsKLKH10S 97.5% 

 

9 6 

 

9 23 1 5 

 

2 

 

55 

OtsKLKH11S 80.7% 

    

3 6 3 

    

12 

LSRCP/ODFW - 

Lookingglass 

Creek  

OtsLOOK10S 98.8% 

 

1 5 

 

5 11 1 4 

  

1 28 

OtsLOOK11S 97.5% 

  

2 

  

6 0 

    

8 

LSRCP/ODFW/

NPT – Lostine  

OtsLSTW10S 94.3% 

 

7 

  

10 22 0 7 2 

  

48 

OtsLSTW11S 91.5% 

    

5 5 1 

    

11 

LSRCP/IDFG - 

McCall (SFSR) 

OtsMCCA09S 96.2% 

  

1 

  

0 0 1 

   

2 

OtsMCCA10S 99.6% 

 

29 

  

31 53 33 19 9 

  

174 

OtsMCCA11S 99.0% 

 

2 

  

13 17 13 1 1 

  

47 

Nez Perce Tribal 

Hatchery 

(NPTFH) 

OtsNPFH09S 96.3% 

     

0 0 

 

1 

  

1 

OtsNPFH10S 98.4% 

   

4 

 

0 8 

    

12 

OtsNPFH11S 98.9% 

     

0 1 

    

1 

Idaho 

Power/IDFG - 

Pahsimeroi 

OtsPAHH10S 98.9% 

 

8 

  

9 19 3 2 

   

41 

OtsPAHH11S 96.6% 

     

5 3 

    

8 

LSRCP/IDFG - 

Clearwater 

(Powell) 

OtsPOWP10S 97.7% 

  

2 

 

4 16 2 8 

 

2 1 35 

OtsPOWP11S 98.7% 

 

3 1 

 

6 10 2 

  

1 

 

23 

Idaho 

Power/IDFG - 

Rapid River 

OtsRAPH08S 97.7% 

     

0 1 

    

1 

OtsRAPH09S 90.7% 

  

1 

 

6 10 1 3 

   

21 

OtsRAPH10S 99.0% 

 

30 52 

 

69 190 7 28 1 6 2 385 

OtsRAPH11S 98.4% 

 

8 8 

 

15 42 2 2 1 1 1 80 

LSRCP/IDFG - 

Sawtooth 

OtsSAWT09S 99.6% 

     

1 0 

    

1 

OtsSAWT10S 99.4% 

 

8 5 

 

10 26 6 7 2 

 

1 65 

OtsSAWT11S 97.0% 

  

2 

 

5 7 1 

    

15 

LSRCP/WDFW - 

L.F. (Tucannon) OtsTUCW11S 98.8% 

     

0 1 

    

1 

 
Unassigned 

  

115 134 52 196 523 858 84 118 145 104 2329 

 
              

 
              

 

Snake PBT 

avg: 
96.7% 

Snake 

PBT N 
119 112 6 241 582 110 107 19 17 7 1320 
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Total 

PBT N 
129 118 6 253 613 114 112 19 19 7 1390 

   

Sample 

Total 
244 252 58 449 1136 972 196 137 164 111 3719 

   

%Snake 

of 

Sample 

Total 

50.4% 46.0% 10.7% 55.5% 53.0% 11.7% 56.4% 14.3% 10.7% 6.5% 

 Note: PBTpop is the abbreviated hatchery source and the digits indicate the spawn year, e.g. 09S is spawn year 2009.  Adipose-

clipped (HOR) and adipose unclipped (NOR) categories of fish could be separated for the Test, Bonneville Dam, and Tribal fishery 

mixtures.  All other fishery mixtures were mark-selective (HOR only).  The “Snake PBT N” indicates only parentage assignments to 

Snake River hatcheries, and “PBT N” is the total number of assignments that were identified for Klickitat and Snake River hatcheries.  

The “%Snake of Sample Total” indicates our estimate of the composition of Snake River hatcheries in each fishery mixture using an 

expansion factor based on average tagging rate across all Snake River hatcheries.  Bonneville Dam includes only fish sampled during 

statistical weeks 16-25, which is the timeframe of sampling within the spring-run harvest period. 

 

Wind River spring-run Chinook salmon sport harvest 

Both PBT and GSI assignments were used to analyze the Wind River spring-run Chinook salmon mark-selective sport fishery.  We 

estimated stock composition to investigate how expansion of the Chinook salmon sport fishing “bubble” boundary around the mouth 

of the Wind River may be affecting proportions of non-local (Carson Hatchery) Chinook salmon that are harvested by using the 

context of stock proportions in other spring management period fisheries and at Bonneville Dam.  The Wind River and Drano Lake 

sport mark selective Chinook salmon mixtures had relatively low proportions of Snake River hatchery fish (10.7% and 6.5%, 

respectively, Table 4).  The lowest proportion of Snake River hatchery fish that was observed in the other adipose-clipped fishery 

mixtures was found in a test fishery (46.0%).  The natural origin mixtures (adipose-intact fish) from the test fishery, Bonneville Dam, 

and the zone 6 tribal harvest also had low proportions of Snake River hatchery fish (10.7%, 11.7%, and 14.3%, respectively).  The 

proportion of Snake River hatchery fish in the test fishery adipose-intact mixture was the only value lower than that of the Wind River 

harvest.
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 We also applied GSI to examine stock composition at the GSI reporting group level for the Drano Lake and Wind River 

fishery mixtures, and found that the 10_UCOLSP (includes upper Columbia River hatcheries as well as Carson Hatchery, Walla Walla 

Hatchery, and Umatilla Hatcheries) was the genetic stock representing the largest proportion of both harvests (82% and 74%, 

respectively, Fig. 4).  PBT would be better suited than GSI for identifying the target stock (Carson Hatchery), and in future years this 

approach will be possible. From the Snake River, there was 6% and 10% assignment to PBT hatcheries for Drano Lake and Wind 

River harvests, respectively.  Using GSI, 7% of the harvest in the Wind River fishery was identified from the 12_HELLSC, 5% from 

the 13_SFSALM, and 1% from 16_UPSALM.  Assignment of the 12_HELLSC genetic stock can be the result of misassignment that 

occurs between the two genetically similar stocks: Carson_H/10_UCOLSP versus 12_HELLSC.  This misassignment is known to 

occur based on comparisons of GSI results and coded wire tags.  For example, there were 20 coded wire tags that were analyzed with 

PBT and GSI in the Wind River harvest.  Of these 20 coded wire tag origins, 18 of them were concordant with GSI/PBT assignments 

(90% concordance rate).  The 2 misassignments occurred between 10_UCOLSP versus 12_HELLSC stocks.  For comparison, in 

2013, there were 12 coded wire tags that were analyzed with GSI and represented in the Wind River harvest.  Of these 12 coded wire 

tag origins, 9 of them were concordant with the GSI assignment estimates (75% concordance rate).  The 3 misassignments occurred 

between those same two stocks.   

We can compare the numbers of Snake River PBT assignments that have been identified in the Wind River harvest for the past 

three years of our analysis.  For 2012–2014, the Snake River PBT assignments accounted for 3% (10 of 349), 7% (10 of 138), and 

10.4% (17 of 164) of the total harvests each year, respectively. Our estimate of the proportion of Snake River hatchery fish in this 

current report would therefore represent a three-fold increase compared to the estimate in 2012, but is still lower than the proportion of 

adipose-intact and adipose-clipped Snake River hatchery fish in collections taken from Bonneville Dam (Table 4). 

 To be clear, this analysis cannot precisely quantify Carson Hatchery fish that are harvested in the bubble fishery nor can it tell 

how many wild fish from other areas are handled in the fishery.  Further, we cannot conclude whether changing the bubble fishery 

boundary has resulted in any change in impacts compared to previous years with the smaller bubble, because we did not sample in 

years prior to the bubble expansion. 
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Figure 4. Genetic stock 

composition of the Drano 

Lake and Wind River 

sport mark-selective 

harvests in 2014. 

 

 

Comparison of stock 

composition among spring 

management period 

Chinook salmon fisheries 

 

Analysis of adipose-

clipped Chinook salmon 

from multiple fishery mixtures in the spring management period identified relatively larger proportions of lower Columbia River 

stocks (LC, composed mostly of Willamette River fish) near the mouth of the Columbia River, such that region B was comprised of a 

range of 22 – 39% and region A had a range of 3 – 16% of the LC stock in commercial, test, and sport fisheries (Fig. 5). PBT-

assignments made it possible to further discriminate fish by their hatchery-of-origin (15 total hatcheries represented), which is a finer 

scale compared to the larger stock units that are resolved with GSI.  Stream-type stocks (ST, i.e. upriver spring-run and Snake River 

spring/summer-run Chinook salmon) were in highest proportions upstream of region B.  Analysis of adipose-intact fishery mixtures 

showed similar patterns (Fig. 5), however the Snake River PBT-assigned stock (hatchery-origin) was estimated in smaller proportions 

than in adipose-clipped samples as would be expected since PBT identifies hatchery origin fish. 
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Figure 5. Stock composition of spring management period Chinook salmon harvest mixtures. Note: “ST” includes upriver spring 

run and Snake River spring/summer run Chinook salmon stocks, “LC” includes all lower river stocks (e.g. Willamette, Cowlitz, 

Lewis, and Sandy stocks), “OT” includes upper Columbia summer and upriver fall Chinook salmon stocks, and “CR” denotes 

Columbia River Rogue stock reared in Youngs Bay net pens.  PBT was used to assign Klickitat and Snake River hatchery spring-run 

Chinook salmon. 
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Comparison of percent stock composition of upriver spring Chinook salmon stocks (ST) among summer-management period Chinook 

salmon fisheries 

Analysis of Chinook salmon fisheries in the summer management period (June 16 – August 1) addressed the following objectives: 1) 

estimate stock composition for the mark selective sport fishery and commercial fishery below Bonneville Dam, 2) compare stock 

composition of adipose-clipped versus adipose-intact fish from the commercial harvest below Bonneville Dam, 3) characterize 

temporal changes in stock composition across the season.  While jack Chinook salmon are not harvested at high rates in fisheries and 

there are no specific harvest limits for jacks, jack Chinook salmon if sampled could have been incorporated into this analysis.  The 

percentage of upriver adult and jack spring-run stocks (ST) declined in both harvest and Bonneville Dam mixtures over time, but the 

commercial harvest may have generally included a lower proportion of this group compared with what actually passes the dam in any 

given week (Fig. 6). 
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Figure 6. Temporal patterns of the percent of upriver spring-run stocks (ST) by-catch in adipose-clipped and adipose-intact 

mixtures of adult and jack Chinook salmon sampled in the lower river commercial fishery and Bonneville Dam during the 

summer management period in 2014.  Statistical week 25 begins on June 16 and week 31 includes August 1.  The commercial 

fishery did not occur during weeks 26 and 27.  Sampling at Bonneville Dam was suspended during weeks 29–32 due to high 

temperatures. 
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Table 5. Comparison of stock composition of summer management period Chinook salmon fisheries. 

    Lower R. Bonneville 

  

Sport Commercial Dam 

  

Ad-clip Ad-clip Ad-intact Ad-clip Ad-intact 

Method Genetic stock B A B A B A     

GSI CR 0.00% 0.00% 0.00% 0.00% 1.89% 0.65% 0.00% 0.00% 

 

LC 9.33% 3.80% 45.00% 30.43% 15.09% 7.79% 0.00% 1.21% 

 

OT 66.67% 50.63% 45.00% 60.87% 74.53% 87.01% 68.63% 84.85% 

 

ST 2.67% 8.86% 0.00% 0.00% 3.77% 3.25% 8.82% 7.27% 

PBT Klickitat 1.33% 2.53% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

 

Snake 20.00% 34.18% 10.00% 8.70% 4.72% 1.30% 22.55% 6.67% 

GSI/PBT Total 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 

 

Total PBT 21.33% 36.71% 10.00% 8.70% 4.72% 1.30% 22.55% 6.67% 

  Total ST (GSI/PBT) 24.00% 45.57% 10.00% 8.70% 8.49% 4.55% 31.37% 13.94% 

Note: Each fishery mixture is categorized by whether fish had clipped or intact adipose fins.  Also, the lower river fisheries 

indicate which region (B or A, Fig. 1) from which the harvest mixture originated.  “Total ST” indicates the total proportion of upriver 

spring and Snake River spring/summer stocks and represents combined analyses of GSI and PBT. 

 

 

The lower river sport and commercial fisheries below Bonneville Dam were composed of very different proportions of ST 

stock.  “Total ST” stock includes proportions of upriver spring and Snake River spring/summer stocks measured using both GSI and 

PBT.  In the sport fishery, this proportion was greater than 2X the Total ST stock proportions observed in the commercial fishery 

mixtures (Table 5).  This high proportion of the Total ST stock likely owes to the fact that the sport fishery occurred in the first two 

weeks of the summer management period (Table 1), which is when the ST stock is in highest abundance.  Below Bonneville Dam, 

adipose-clipped mixtures from the commercial fishery were composed of relatively high proportions of lower Columbia stock (LC) 

compared to the adipose-intact mixtures from this fishery. 

 

We compared changes in % stock composition of ST stocks of adipose-clipped versus adipose-intact fish through time in the 

lower river commercial fishery, and found that the percentage of upriver adult and jack spring-run stocks (ST) declined in both harvest 

and Bonneville Dam mixtures over time, but the commercial harvest may have generally included a lower proportion of this group 

compared with what actually passes the dam in any given week (Fig. 7). There is no obvious explanation for this observed difference 
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in the composition of the run at Bonneville and the composition in the commercial fishery, but it may partly owe to the areas in which 

the commercial fishery is conducted in the lower river regions. 
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Figure 7. Temporal patterns of the percent of upriver spring-run stocks (ST) by-catch in adipose-clipped and adipose-intact 

mixtures of adult and jack Chinook salmon sampled in the lower river commercial fishery and Bonneville Dam during the 

summer management period in 2014.  Statistical week 25 begins on June 16 and week 31 includes August 1.  The commercial 

fishery did not occur during weeks 26 and 27.  Sampling at Bonneville Dam was suspended during weeks 29–32 due to high 

temperatures. 

 

Parentage based tagging assignments of harvested summer management period Chinook salmon 

The PBT analysis resulted in 64 hatchery-origin adult and jack salmon that could be assigned back to Klickitat and Snake 

River hatchery broodstock parents that were spawned in 2009 – 2011 (Table 6).  These salmon were found to have originated from the 

following seven sources: Imnaha, Johnson, Klickitat, Lostine, McCall, Pahsimeroi, and Sawtooth hatcheries.  Among the 4-year-old 

fish, the broodstock from McCall 2010 yielded the highest number of assignments (N=10), however across several broodstock (e.g. 

Imnaha, Johnson, Lostine, McCall, and Sawtooth), jacks were more numerous than 4-year-olds.  Comparisons of the PBT stock 

composition between the spring-run (Table 4) and summer-run harvests (Table 6) show a clear run-timing effect in which typically 

late-running stocks predominate in the summer-run harvest.  Jack age classes typically run later than 4-year-olds (Hess et al. 2013), 

which also explains why jacks comprised larger proportions than 4-year-olds in the summer-run harvest versus the spring-run harvest.  

The broodstock with the highest number of assignments were the jacks from McCall 2011 (N=16), which were nearly twice in number 

of that stock’s 4-year-olds. 
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Table 6. Parentage assignments of summer management period Chinook salmon fisheries. 

      Region: Lower R.   

   

Fishery: Commercial Sport 

 PBT source hatchery PBTpop Tag Rate Origin: HOR NOR HOR Total 

LSRCP/ODFW - Imnaha 
OtsIMNW10S 97.63% 

 

2 

 

2 4 

OtsIMNW11S 94.43% 

 

3 

 

8 11 

Johnson Cr. OtsJHNW11S 97.47% 

  

2 

 

2 

Klickitat Hatchery 

OtsKLKH09S 99.27% 

  

1 

 

1 

OtsKLKH10S 97.46% 

 

1 

 

2 3 

OtsKLKH11S 80.72% 

   

1 1 

LSRCP/ODFW/NPT – Lostine  
OtsLSTW10S 94.34% 

   

1 1 

OtsLSTW11S 91.53% 

   

7 7 

LSRCP/IDFG - McCall (SFSR) 
OtsMCCA10S 99.58% 

 

1 3 6 10 

OtsMCCA11S 99.04% 

  

1 15 16 

Idaho Power/IDFG - Pahsimeroi 
OtsPAHH10S 98.91% 

 

2 1 1 4 

OtsPAHH11S 96.62% 

   

1 1 

LSRCP/IDFG - Sawtooth OtsSAWT11S 96.97% 

 

2 

 

1 3 

 

Snake PBT avg: 95.69% PBT N 11 8 45 64 

  

Snake Total 

 

10 7 42 59 

  

%Snake 

 

9.86% 2.81% 28.32% 4.41% 

      Total 106 260 155 1397 

Note:PBTpop is the abbreviated hatchery source and the digits indicate the spawn year, e.g. 09S is spawn year 2009.  Adipose-clipped 

(HOR) and adipose unclipped (NOR) categories of fish could be separated for the Commercial fishery mixtures.  The sport fishery is 

mark-selective (HOR only).  The “%Snake” indicates our estimate of the composition of Snake River hatcheries in each fishery 

mixture using an expansion factor based on average tagging rate across all Snake River hatcheries.  

 

 

Stock composition of the fall-run mark-selective Chinook salmon sport fishery 

We estimated stock composition of the mark selective sport fishery in the lower Columbia River in 2014.  A single PBT 

assignment was observed for a fall Chinook from the Klickitat. Major GSI stocks from greatest to least were: Upper Columbia River 

su/fa (70%), West Cascade fa (13%), Spring Creek Tule (8%), and Snake River fa (7%, Fig. 8). In past years (2012 and 2013), this 

harvest has had somewhat variable proportions of lower river stocks, e.g., 24% versus 11% of the 03_WCASFA stock for 2012 and 



94 

 

2013 harvests, respectively.  The proportion of lower river stocks in 2014 appears consistent with the previous year, 2013.  The fall 

season mark selective fishery was for a short period within the overall fall season fisheries which were mostly full retention fisheries.  

Results from these fisheries would not be applicable to any other portion of the fall fisheries.
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Figure 8. Genetic stock composition of the lower Columbia River fall-run mark-selective Chinook salmon sport harvest in 

2014.   

Chinook salmon fall-run sport 2014

01_YOUNGS

02_WCASSP

03_WCASFA

05_SPCRTU

18_UCOLSF

19_SRFALL

 
Note: the assignment of West Cascade spring stock “02_WCASSP” may owe to misassignment between the spring and fall runs from 

that region, strays from the net pen rearing at Youngs Bay, or other unknown reasons. 

 

 

Comparison of stock composition among sockeye salmon fisheries 

Sockeye salmon were sampled from the lower Columbia River below Bonneville Dam in the lower river sport and commercial 

fishery and Zone 6 tribal fishery, and each fish was assigned to three Columbia River genetic stocks (Table 7). The Zone 6 sport 

fishery was not sampled.  Low sample numbers of Snake River sockeye make it difficult to estimate narrow confidence intervals for 

estimates of this stock. For the tribal fishery, sockeye were sampled at a higher rate for the gillnet fishery compared to the platform 

fishery even though the platform fishery generally catches larger numbers of fish.  It is not possible to be sure if the proportion of 

Snake River sockeye in any of the harvests was significantly different than the proportion of Snake River sockeye at Bonneville 

(Table 8).  The lower confidence limit for the Snake River stock in the Zone 6 tribal fishery was 1.3% of that harvest, and the 

commercial and sport fishery below Bonneville Dam had lower confidence limits of less than 1.0%.  However, during the harvest 

period (weeks 24-31), the proportion of Snake River stock sampled at Bonneville Dam was estimated to be 0.8% with 95% confidence 
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limit of 0.4 – 1.4% (Table 8).  Therefore, the confidence limits of this stock at Bonneville Dam overlap with those of the harvest 

estimates and are not significantly different.  

 

Table 7. Summary of sample numbers and stock assignments for each sockeye salmon fishery by weekly strata. 

    Statistical week   

Fishery Stock 23 24 25 26 27 28 29 30 31 Total 

Commercial 

Okanagan 

  

35 

  

6 3 

  

44 

Snake 

    
 

    

0 

Wenatchee 

  

14 

  

1 

   

15 

Sport 

Okanagan 

  

9 40 24 18 5 3 1 100 

Snake 

   

1 1 

 

1 

  

3 

Wenatchee 

  

6 7 8 

 

1 

  

22 

Zone6 

Okanagan 4 21 47 168 184 360 188 235 53 1260 

Snake 

   

3 2 10 11 5 2 33 

Wenatchee 

 

3 18 135 82 124 61 52 10 485 

Whatcom               1   1 

 

 

 

 

Table 8. Comparison of stock-specific abundance and percent composition among sockeye salmon fisheries. 

 
Mean (95% C.I.) Stock proportion 

Mixture source Wenatchee Okanagan Snake Whatcom Wen Oka Snake Whatcom 

Commercial 78 (46 – 115) 230 (191 – 259) 0 (0 – 8) 0 (0 – 10) 25.42% 74.58% 
0.00% (0.00% 

– 2.60%) 
0.00% 

Sport 165 (109 – 237) 750 (673 – 810) 23 (6 – 59) 0 (0 – 12) 17.61% 79.99% 
2.45% (0.64% 

– 6.29%) 
0.00% 

Zone 6 9028 (8354 – 9707) 21358 (20601 – 21951) 572 (410 – 831) 5 (6 – 106) 29.16% 68.98% 
1.85% (1.32% 

– 2.68%) 
0.01% 
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Total Harvest 9271 (8615 – 9962) 22338 (21554 – 22946) 594 (429 – 856) 5 (9 – 110) 28.79% 69.36% 
1.84% (1.33% 

– 2.66%) 
0.01% 

Bonneville 

Dam* 

119744 (105552 – 

134434) 

486238 (471279 – 

501071) 

5075 (2506 – 

8532) 
NA 19.60% 79.57% 

0.83% (0.41% 

– 1.40%) 
NA 

 

Note: The mean stock abundance estimate is provided for each fishery harvest and includes 95% confidence intervals.   

*Bonneville Dam abundance estimates shown here differ from those in Table 13 since they only include the interval of weeks that 

coincide with sockeye salmon fisheries (statistical weeks 24-31), and were calculated based on a combination of PIT-tag and genetic 

data.  The total harvest estimates are a summation across all fisheries sampled here. 
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The timing of the sockeye salmon fisheries may influence the harvested proportion of 

each stock, and is consistent with run-timing distributions we observed in our previous report, 

particularly that the Wenatchee stock has relatively early run-timing compared to other stocks.  

The Snake River stock was only represented by 33 fish in the Zone 6 fishery samples (Table 7) 

making run-timing estimates imprecise for this stock.  Of the 33 Snake River sockeye salmon 

identified with GSI, the largest number (11) were sampled in week 29 and they were estimated to 

be in highest relative stock proportion (4%) in that same week (Figure 9).  Weeks 25-27 had the 

highest proportions of Wenatchee stock (Fig. 9).  Significant difference in stock representation 

between Bonneville Dam and the Zone 6 tribal harvest was evident for the Wenatchee stock 

which was 29% versus 20% in the harvest versus dam, respectively (Table 8). 
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Figure 9.  Stock composition at Bonneville Dam and the Zone 6 sockeye harvest on a weekly 

basis. 

 

Stock composition and PBT of the adipose-intact steelhead from the Zone 6 tribal fishery 

There were 1169 tissues for unclipped steelhead in the Zone 6 harvest mixture, however 

42 tissues failed to genotype with less than 10% missing data, and 2 pairs of tissues were found 

to be duplicate pairs of genotypes.  We excluded 44 samples because of these issues.  These 

exclusions left 1072 Zone 6 harvest samples for analysis.  Of these 1072 total samples, 119 fish 

assigned to PBT source hatcheries (Table 9).  The twelve hatchery broodstocks were Grande 

Ronde (Cottonwood), Dworshak/Clearwater, Sawtooth (EFSR), Lyons Ferry, Oxbow F.H., 

Pahsimeroi F.H., Sawtooth (IDFG & SBT), Sawtooth (USB/Squaw), Touchet, Tucannon, and 

Wallowa.  This hatchery component made up 11% of the stock composition of these unclipped 

steelhead (Fig. 10).  There are many Snake River hatcheries that release unclipped smolts, and so 

this proportion is expected.  The largest proportion of this harvest was derived from the MGILCS 

reporting group (64%), which is also the most broadly geographically distributed and includes a 

large area of the mid-Columbia R. and the lower Snake River basin.  All other stocks were less 

than 5%, and only the upper Salmon R. was as large as a 5% proportion.  

The PBT assigned fish from the Zone 6 unclipped steelhead harvest were aged according 

to the year in which their parents were spawned.  The 2-ocean age fish were on average higher in 

abundance (average 1.0% of total harvest) among all PBT source hatcheries as compared to 1-

ocean age fish (average 0.4% of total harvest).  Among 2-ocean age fish, Dworshak hatchery was 

the most abundant (5.7% of total harvest) and followed by E.F. Salmon R (1.3%).  Among 1-

ocean age fish, the Sawtooth was most abundant (0.8% of total harvest), followed by Lyons 

Ferry hatchery (0.3%). 
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This year we were also able to analyze the unclipped steelhead from the harvest in Drano 

Lake (Fig. 10).  Of the 53 fish genotyped, there were 10 assigned to PBT source hatcheries 

(Dworshak and Squaw Creek; N=9 and N=1, respectively).  These 10 fish were 2-ocean adults, 

and the exclusive composition of Dworshak and Squaw stocks in the harvest likely owes to its 

late timing (i.e. weeks 41-43). 

 

Steelhead Drano Harvest 2014 
(unclipped)

02_LOWCOL

03_SKAMAN
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08_YAKIMA
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12_SFSALM

13_MFSALM

14_UPSALM

Steelhead Zone 6 Harvest 2014 
(unclipped)

02_LOWCOL

03_SKAMAN

05_BWSALM

06_KLICKR

07_MGILCS

08_YAKIMA

09_UPPCOL

10_SFCLWR

11_UPCLWR

12_SFSALM

13_MFSALM

14_UPSALM

 
Figure 10. Stock composition of adipose-intact steelhead harvested in 2014 from Zone 6.  The 

following eleven of 13 total stocks in the Columbia River Basin GSI baseline were represented: 

Skamania “SKAMAN”, Big White Salmon “BWSALM”, Klickitat “KLICKR”, MGILCS (see 

below), Yakima “YAKIMA”, upper Columbia “UPPCOL”, S.F. Clearwater “SFCLWR”, upper 

Clearwater “UPCLWR”, S.F. Salmon “SFSALM”, M.F. Salmon “MFSALM”, and upper 

Salmon “UPSALM”.  The MGILCS stock includes the following Snake River stocks: George 

Cr, Asotin Cr, Alpowa Cr, and Tucannon R as well as the stocks from the Grande Ronde, 

Imnaha, Lower Clearwater and Lower Salmon R.; and all other middle Columbia River stocks 

that were not listed above, because this large group of stocks is genetically highly similar.  
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Table 9. Summary information on numbers and origins of steelhead that were assigned using a combination of GSI and PBT.   

  
Genetic Statistical week 

 
Hatchery Origin stock 25 26 27 28 29 30 31 34 35 36 37 38 39 40 41 42 Total 

 

N
at

u
ra

l-
o
ri

g
in

 

02_LOWCOL 
   

1 
   

2 
 

1 
     

1 5 

 
03_SKAMAN 

     
1 

 
1 1 

       
3 

 
05_BWSALM 

     
1 

          
1 

 
06_KLICKR 1 2 

    
2 3 7 4 1 1 2 2 1 

 
26 

 
07_MGILCS 1 5 13 19 59 65 97 67 34 78 65 57 55 35 22 13 685 

 
08_YAKIMA 

  
1 1 2 5 

 
1 1 2 1 

   
1 

 
15 

 
09_UPPCOL 

   
3 4 2 2 2 3 1 2 6 1 1 

  
27 

 
10_SFCLWR 

       
2 1 1 

 
6 9 8 4 

 
31 

 
11_UPCLWR 

    
1 

  
2 5 2 1 11 9 6 3 4 44 

 
12_SFSALM 

       
1 1 2 4 5 5 

 
1 

 
19 

 
13_MFSALM 

    
3 1 2 3 5 9 9 6 2 1 

 
1 42 

 
14_UPSALM 

   
3 5 3 1 5 5 9 4 9 4 3 3 1 55 

LSRCP/WDFW-L.F. (G.R. 

cottonwood) 

S
n

ak
e 

R
. 
h
at

ch
er

y
 b

ro
o

d
st

o
ck

 

OmyCGRW11S 
      

1 
   

1 
     

2 

LSRCP/IDFG/USFWS Dworshak/C.W. 

OmyDWOR10S 
           

1 
    

1 

OmyDWOR11S 
        

1 
 

7 16 15 14 7 1 61 

OmyDWOR12S 
            

1 
   

1 

LSRCP/IDFG Sawtooth (EFSR) OmyEFSW11S 
   

1 
   

4 1 1 2 1 1 2 
 

1 14 

LSRCP/WDFW-Lyons Ferry OmyLYON12S 
       

1 
   

1 
   

1 3 

Idaho Power/IDFG,Oxbow F.H. OmyOXBO11S 
        

1 
 

1 
     

2 

Idaho Power/IDFG, Pahsimeroi F.H. 
OmyPAHH11S 

       
1 

  
1 

     
2 

OmyPAHH12S 
             

1 
 

1 2 

LSRCP/IDFG Sawtooth (IDFG & 

SBT) 

OmySAWT11S 
       

1 
 

3 
 

1 
    

5 

OmySAWT12S 
        

2 2 1 2 
 

1 1 
 

9 

LSRCP/IDFG Sawtooth (USB/Squaw) OmySQUW11S 
           

1 
 

2 
  

3 
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LSRCP/WDFW-L.F. (Touchet) 
OmyTOUW10S 

              
1 

 
1 

OmyTOUW11S 
     

1 
      

1 
 

1 
 

3 

LSRCP/WDFW-L.F. (Tucannon) OmyTUCW11S 
 

1 1 
 

1 
    

1 1 
  

1 
  

6 

LSRCP/ODFW-Wallowa F.H. OmyWALL11S 
       

1 
  

2 
    

1 4 

  
Grand Total 2 8 15 28 75 79 105 97 68 116 103 124 105 77 45 25 1072 

 

Note: The Zone 6 fishery samples could be broken into weekly strata, and statistical week 25 begins 6/16/2014 and week 42 ends on 

10/19/2014.  Natural-origin individuals were assigned using GSI to the stock with the highest probability (best estimate).  Snake River 

hatchery stocks were assigned using PBT and include brood years from 2010 to 2012.  The hatchery sources are abbreviated and the 

digits indicate the spawn year, e.g. 10S is spawn year 2010. 
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Discussion 

 

Management implications 

This study utilized both genetic stock identification (GSI) and parentage based tagging (PBT) in 

combination to estimate stock composition of mainstem Columbia River Chinook salmon and 

steelhead fisheries.  This is the second year in which we were able to assign all three major age 

classes of spring Chinook from Snake River hatcheries and the Klickitat hatchery, which is the 

only hatchery outside of the Snake River included in the current PBT baseline.  Ongoing 

expansion of the PBT baseline will allow us the ability to assign Snake River hatchery jacks of 

the fall-run Chinook salmon as well as all other hatchery jacks originating above Bonneville 

Dam (migration year 2015), and so future years of analyses will include more emphasis on fall-

run harvest.  Expansion of the PBT baseline to include not only hatcheries of Chinook salmon 

and steelhead above Bonneville Dam, but also hatcheries throughout the range of these species 

could eventually lead to replacing the coded wire tag program for monitoring of in-river harvest 

stock composition of these species if increases in funding were available and fishery managers 

thought it were needed.  This report includes the second genetic analysis on sockeye salmon 

harvest.  Our results demonstrated differences in stock composition of the sockeye salmon 

harvest as compared to the total run estimated at Bonneville Dam, but there are questions about 

the validity of the estimates especially at Bonneville given the potential for sampling error 

around rare stocks like Snake R. sockeye salmon. We will continue to perform GSI on sockeye 

salmon harvest in the future to gain further insight into these patterns. 

 One higher level management question was possible to address in this section: 

1) Harvest RM&E: F&W Program Management Question: What are your in-river 

monitoring results and what are your estimates of stock composition and stock-

specific abundance, escapement, catch, and age distribution? 

 

 The in-river estimates of stock composition, stock-specific abundance, escapement, 

catch, and age distribution were addressed for part of the treaty mainstem spring-management 

period fisheries Chinook salmon harvests above Bonneville Dam along with  fisheries below 

Bonneville Dam, the non-treaty summer-management fisheries below Bonneville Dam which are 

a portion of the total non-treaty summer fisheries, part of the fall-run Chinook salmon sport 

fishery below Bonneville Dam, the mainstem treaty sockeye salmon harvests above and non-

treaty harvest below Bonneville Dam, and the summer and fall tribal harvest of steelhead above 

Bonneville Dam.  For the spring management period of Chinook salmon, we continue to observe 

a spatial pattern for the stock composition of lower Columbia River stocks which appear more 

abundant downstream from the Willamette River mouth as compared to upstream of this point 

which is consistent with a long history of CWT data.  We observed differences in the 

composition of hatchery stocks represented in spring versus summer management period adult 

and jack harvest of Chinook salmon, and run-timing plays an important role in this difference 

(i.e. late-running stocks appear more abundant among the upriver spring stocks that are caught in 

the summer management period).  This pattern is consistent when compared to known origin PIT 

tagged adult and jack fish tagged as juveniles. Known origin adult age upriver spring and Snake 

River spring summer Chinook salmon are almost all past Bonneville by June 15 in most years. 

However, specific conclusions relative to the harvest impacts on spring or summer Chinook 

salmon cannot be made from this genetic analysis as jacks are included in the current analysis.   
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 This study also addressed some issues that relate to mark-selective fisheries.  For 

example, we examined stock composition of the Wind River and Drano Lake mark-selective 

spring-run Chinook salmon sport fisheries and provided context of stock composition observed 

among other fisheries during this management period. The number of PBT-assigned Snake R. 

fish that were harvested in the Wind River sport fishery was less than all other fishery samples 

we analyzed, including the adipose-intact samples from Bonneville Dam and tribal harvests 

during the same set of weeks.  One exception was the adipose-intact lower river test fishery, 

which had approximately the same proportion of PBT-assigned fish as that estimated for the 

Wind River harvest.  However, it was not possible to conclude whether or not the Wind River 

sport fishery harvest composition has significantly changed through time given this boundary 

change. 

 The mark selective fall-run Chinook salmon sport fishery in the lower Columbia River 

mainstem was also analyzed.  Although stock proportions of the WCASFA stock has been 

observed to vary across years, the 2014 harvest appears to be consistent with the previous year, 

2013. 

 The sockeye salmon tribal fishery is managed in a way that attempts to harvest as many 

harvestable sockeye as possible under the allowed harvest rate schedule in the U.S. v.  Oregon 

Management Agreement.  This 2014 year of analysis of the sockeye salmon harvest corroborates 

our 2013 harvest analysis, which suggests there may be some over representation of the 

Wenatchee sockeye stocks in the Zone 6 harvest as compared to the stock proportions that are 

present at Bonneville Dam.  The results for Snake River sockeye salmon are dependent upon 

representative sampling at Bonneville Dam, but low sample rate and the rarity of this stock led to 

uncertainty and high variation around estimates of Snake River sockeye salmon from Bonneville 

Dam. Sampling protocols at Bonneville Dam may have higher representation of young fish as 

compared to harvest mixtures.  Timing of the fishery may also influence the proportion of each 

stock, and is consistent with run-timing distributions we observed in previous reports; the 

Wenatchee stock has relatively early run-timing but the timing of the Snake River stock is 

uncertain due to inconsistent results between PIT-tag and GSI methods.  Future analysis will be 

needed to examine these patterns for consistency and delve into explanations. 

We analyzed a third year of the unclipped steelhead harvested in the Zone 6 fishery.  

Consistent with last year’s analysis, these steelhead were found be composed of 11% unmarked 

hatchery-origin fish from the Snake River based on PBT results.  Most of these fish were from 

Snake River hatcheries that share genetic similarity with the large GSI reporting group that spans 

much of the middle Columbia River and lower Snake River tributaries (MGILSC) which 

comprised 64% of the harvested unclipped steelhead.    
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Section 4: Characterization of Chinook salmon, sockeye salmon, and steelhead 

run-timing and abundance at Bonneville Dam 

Introduction 

The Columbia River Basin supports ESA listed wild stocks of Chinook salmon and steelhead as 

well as hatchery supplemented populations.  Both Chinook salmon and steelhead have been 

declining in the Columbia River Basin for several reasons including climate change, habitat 

degradation, hydropower, hatchery practices, and over-harvesting.  Along with abundance 

estimates, basic information related to the way in which stocks of salmonids are distributed both 

spatially and temporally are needed by fisheries managers to achieve sustainable fisheries. 

 

 

Figure 1. Scope of project includes all stocks of Chinook salmon, sockeye salmon, and steelhead 

distributed within the Columbia River basin.  Shown here are the steelhead reporting groups (i.e. 

stocks) and collections that comprise the steelhead GSI and PBT baselines. 

 



107 

 

As evident from the genetic stock identification (GSI and PBT) analyses of Chinook and sockeye 

salmon and steelhead fisheries harvests in Section 3, certain stocks seem to have strong spatial 

and temporal associations.  However, because the type of fishery gear, harvest regulations, and 

locations targeted varies considerably among fisheries, samples from a representative mixture of 

all hatchery- and natural-origin stocks at a fixed location is expected to more accurate to estimate 

abundance and characterize run-timing distributions of stocks.  One potentially ideal fixed 

location for sampling is Bonneville Dam, but trapping limitations at this location continue to 

pose a major challenge for sampling.  In addition to information on abundance and run-timing, 

biological data including fork length and age can be examined with estimated stock of origin in 

order to characterize life history differences among stocks.  This type of examination is 

especially important for steelhead, which has been managed using two life-history categories, A- 

and B-run.  These life-history categories have been observed to be differentially characterized by 

run-timing at Bonneville Dam (e.g. B-run typically arrives after Aug. 25th), fork length (e.g. by 

definition, B-run fish are greater than 78 cm), and ocean age (e.g. most B-run fish tend to spend 

2 or more years in saltwater) and all of these types of data have been collected for steelhead in 

this study. 

Project objectives and higher level harvest management questions 

Here we analyze fish across the entire run of steelhead and Chinook and sockeye salmon from 

April to October to estimate temporally stratified proportions of stocks and extrapolate 

abundance using a daily census that is conducted at the Bonneville Dam fish counting window.  

We examine steelhead and Chinook salmon using two sets of species-specific SNP assays for a 

combined total of greater than 180 loci per species.  GSI of sockeye salmon requires fewer 

markers than for other species in this study, and a set of 90 SNP loci can accurately resolve the 

fewer number of sockeye stocks that are present in the basin relative to other salmonids.  

Although there are some methodological differences among these species-specific applications 

(e.g. different temporal strata, combination of PIT-tag data, etc), the general approach to 

estimating abundance and characterizing run-timing distributions was applied consistently across 

species. For all three species, we have demonstrated that these genetic baselines are generally 

accurate for assigning unknown origin fish but genetic similarity of some stocks requires large 

reporting groups comprised of broad geographic areas (i.e. mid-Columbia R. and lower Snake R. 

for spring Chinook salmon).  Since Bonneville Dam is the most downstream dam on the 

Columbia River, the fishery mixtures obtained here represent the majority of upriver/interior 

Columbia River Basin stocks.  This ongoing study offers a rare opportunity to monitor 

populations of multiple species of salmonids from a broad geographic range over several years.  

This long-term study will allow us to characterize trends in run timing and abundance of 

steelhead and Chinook and sockeye salmon and provide this data to fisheries managers.  

However, the genetic stock units (‘reporting groups’) are not the same units that groups of fish 

are currently managed for due to levels of genetic differentiation that can be detected among 

baseline stocks (see results under Objective 2 for details).  Thus, fisheries managers continue to 

explore how to best incorporate genetic monitoring results with more traditional 

monitoring/tagging programs. 

Harvest RM&E: F&W Program Management Questions: 

What are the status and trend of adult productivity of fish populations? 
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What are your in-river monitoring results and what are your estimates of stock 

composition and stock-specific abundance, escapement, catch, and age distribution? 

Can selective fisheries targeting hatchery fish or healthy populations reduce impacts on 

ESA-listed populations? (Not applicable to this project) 

Analysis of the 2011 dataset by Hess et al. (2012) was the first year we were able to 

apply an additional genetic tool, referred to as Parentage Based Tagging (PBT), to assign a 

portion of Snake River hatchery-origin spring-run Chinook salmon and summer-run steelhead 

back to their hatchery parents (Steele et al. 2011).  This new and powerful genetic tool provides 

the opportunity to obtain additional types of data including accurate age of fish, quantification of 

the number of unmarked (non-adipose clipped) hatchery fish, and precise assignments of fish to 

their source hatchery (Steele et al. 2013).  The ability of PBT to identify a fish’s source hatchery 

has been shown to be equally accurate as traditional tags such as CWTs (Steele et al. 2013), and 

PBT provides assignments to specific hatcheries rather than larger reporting groups used in GSI 

methods.  However, these tools can provide the greatest benefit when applied in combination, as 

GSI has the ability to provide information on wild fish throughout the Columbia River basin, 

while PBT is most effective for hatchery origin fish.  The current PBT baseline only includes 

Snake River hatcheries but will be expanded to others above Bonneville Dam in the near future.  

Therefore, GSI is still a necessary tool for both hatchery and wild fish that originate from outside 

the Snake River basin.  This report is the second year in which all major age classes of steelhead 

(i.e. 1-, 2-, and 3- ocean ages) and Chinook salmon (3-, 4-, and 5-year olds) can be assigned 

using the PBT baseline of Snake River hatcheries. This study integrates PBT and GSI results to 

provide the greatest amount of stock information ever available for hatchery and wild steelhead 

and Chinook salmon passing Bonneville Dam. 

As mentioned in previous sections (1, 3), we have transitioned to GT-seq as a protocol 

for efficiently genotyping large numbers of individuals. This genotyping technology also allows 

us the ability to add additional markers to the panel with relative ease, which will increase power 

for GSI and PBT applications.  In this section, we demonstrate how increasing the number of 

SNP loci to ~300 will provide sufficient power to assign individuals to single parents.  This is an 

extremely appealing prospect, as it would increase our chances of detecting candidate offspring 

even in scenarios where our tag rates for particular broodstocks are low. 

Aside from these analyses on salmonids, PBT technology has made it possible to monitor 

conservation efforts in a non-salmonid species, Pacific lamprey (Entosphenus tridentatus).  

Pacific lamprey (populations are in decline (Close et al. 2002) and are relatively understudied. 

Research to answer critical biological and management related uncertainties is undertaken by 

CRITFC and its member tribes. Translocation (i.e. transporting individuals from a source 

population to a recipient site), artificial propagation, and habitat improvement are all being used 

to rebuild the Pacific lamprey abundance in the interior Columbia River Basin, where declines 

have been most severe. Lamprey from the lower Columbia River are a key source for 

translocation and artificial propagation strategies. We used 94 SNPs (described in Hess et al. 

2015b) to perform a parentage analysis as a direct method to validate the reproductive success of 

translocated adults in Newsome Creek, a tributary of the Clearwater River in the Snake River 

Basin. Pacific lamprey appear to have been extirpated from this creek and its adjacent tributaries 

since 2003 (Cochnauer & Claire 2009). Starting in 2007, 50 adults (which had been captured at 

one or more mainstem dams on the Columbia River and held for at least one winter) were 
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translocated to Newsome Creek, and subsequently (between 2008 and 2010), 22–25 adults were 

translocated per year (Ward et al. 2012). We genotyped 100% of the total number of translocated 

adults from 2007.  A screw trap located at the mouth of Newsome Creek was used to collect 

outmigrating ammocoetes in 2012 - 2014, and parentage assignments showed that these 

collections of ammocoetes were composed of 99% (Hess et al. 2015), 97% (unpublished), and 

95% (unpublished) of offspring from the 2007 translocation event for each of the three years 

respectively.  Our objective in this study was to test whether any of this 2007 cohort could be 

identified as juvenile mortalities in 2014 on the turbine screen of Lower Granite Dam, nearly 250 

km downstream of Newsome Creek.  This information would help fill a critical data gap on 

outmigration timing of juvenile life stages of lamprey. 

Time line for completion of objectives 

Objectives will be ongoing and GSI results updated each year for harvest analyses of salmon and 

steelhead throughout the accords-funding.  As new genetic techniques are developed they will be 

applied to this project and results will be compared between years to determine the extent of 

improvements. 
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Methods 

Sample Collection 

Tissue samples were obtained from adult steelhead (n=1,703), Chinook (n = 2,620) and sockeye 

salmon (n=385, and PIT-tag n=1035) adults in 2014 during migration runs at Bonneville Dam.  

This sampling effort is covered under Scientific Research Permit #1379 under Section 10 of the 

ESA (permit included in PISCES attachments).  

Sampling for Chinook salmon at Bonneville Dam began during statistical week 16 (April 14, 

2014). Sampling occurred at the Adult Fish Facility (AFF) located on the northern end of 

Bonneville Dam.  Fish were sampled 4–5 d per statistical week (except when reduced due to 

restrictions on trap use or low run size at the beginning and end of the run) and for 4–6 h per day. 

A picket weir was used to divert migrating fish ascending the Washington shore fish ladder into 

the AFF collection pool. An attraction flow was used to draw fish through a false weir where 

they were selected for sampling. After sampling was completed and fish recovered from the 

anesthetic, they were returned to the Washington shore fish ladder above the picket weir.  Just 

under 2 percent of the total Spring management period adult Chinook salmon count had passed 

Bonneville by the sampling start date (April 14).  While samples were taken from the large 

majority of the total spring Chinook salmon run, some early timed stocks may be slightly under-

estimated in the results.  Restrictions imposed by USACE and NMFS on sampling at the 

Bonneville AFF result in sample rates for Chinook, sockeye, and steelhead that are often very 

low.   The average sample rate (weeks 16–24) for the adult and jack spring Chinook run in 2014 

was 1.0%. The average sample rate for adult and jack summer Chinook was 0.4%, but sampling 

was limited to statistical weeks 25–28. 

Based on numbers of fish collected, samples were pooled into weekly strata for Chinook 

(Table 1) and sockeye salmon (Table 2) and monthly strata for steelhead (Table 3) spanning the 

majority of the run-year from April to October.  We followed a similar protocol as the 

Monitoring Methods Protocol "Snake River steelhead and Chinook salmon stock composition 

estimates (2010-026-00) v1.0".  In addition, at Lower Granite Dam we processed 377 juvenile 

mortalities of Pacific lamprey that had been frozen after retrieval from turbine units and after 

defrosting we dried a piece of tissue for DNA extraction and analysis. 

Table 1.  Sample numbers by weekly strata for Chinook salmon that were DNA sampled or 

tallied for abundance at Bonneville Dam in 2014. 

    

Sample 

  

Statistical Fish Ad-clipped(HOR) unclipped(NOR) 

      week count Non-PBT PBT Non-PBT PBT Total rate 

M
an

ag
em

en
t 

p
er

io
d
 

S
p
ri

n
g
 

16 11933 42 43 28 1 114 0.96% 

17 28879 84 105 46 9 244 0.84% 

18 70764 77 84 61 9 231 0.33% 

19 42026 44 69 55 11 179 0.43% 

20 24244 51 80 98 15 244 1.01% 

21 18200 54 85 107 15 261 1.43% 

22 16000 32 53 114 12 211 1.32% 

23 20206 46 44 163 15 268 1.33% 

https://www.monitoringmethods.org/Protocol/Details/229
https://www.monitoringmethods.org/Protocol/Details/229
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24 20472 62 37 130 19 248 1.21% 

S
u

m
m

er
 

25 20338 31 13 57 7 108 0.53% 

26 20213 16 3 26 4 49 0.24% 

27 19381 16 3 38 0 57 0.29% 

28 13830 16 4 33 0 53 0.38% 

29 9060 - - - - - - 

30 5308 - - - - - - 

31 3769 - - - - - - 

F
al

l 

31 2343 - - - - - - 

32 3727 - - - - - - 

33 11209 2 0 10 0 12 0.11% 

34 18074 - - - - - - 

35 58883 - - - - - - 

36 226589 16 0 32 0 48 0.02% 

37 294780 22 0 27 0 49 0.02% 

38 189887 9 0 39 0 48 0.03% 

39 98695 18 0 32 0 50 0.05% 

40 48551 9 0 39 0 48 0.10% 

41 20445 5 0 45 0 50 0.24% 

42 9829 8 0 40 0 48 0.49% 

    Total 1327635 660 623 1220 117 2620 0.54% 

Note: For reference, statistical week 16 is 4/14/14–4/20/14 and 42 is 10/13/14–10/29/14. “Fish 

count” is based on tallies of Chinook salmon adults and jacks provided by the Fish Passage 

Center (http://www.fpc.org) as observed by the Corps of Engineers at their fish counting 

window.  This year we subsampled approximately 50 fish per week in the fall due to a lack of 

funds for genotyping every fish. The total sum of all samples for a given week was used to 

calculate sample rate.  The management periods approximate the date ranges from April to June 

15th, June 16th to July 31st, and August 1st to December 31 which are used to categorize spring-, 

summer-, and fall-run Chinook salmon. 

 

Table 2. Sample numbers and PIT-tag/genetic stock assignments of sockeye salmon that 

passed Bonneville Dam in 2014. 

      

Statistical Fish   

  week count OKA RED WEN Total rate 

23 2308 13 
 

1 14 0.61% 

24 21004 94 
 

16 110 0.52% 

25 90607 212 
 

57 269 0.30% 

26 179519 228 2 69 299 0.17% 

27 190940 182 2 46 230 0.12% 

28 89770 220 2 37 259 0.29% 

29 29833 123 5 18 146 0.49% 
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30 7621 47 2 10 59 0.77% 

31 1763 18 3 1 22 1.25% 

32 555 7 1 1 9 1.62% 

Total 613920 1144 17 256 1417 0.23% 

Note: For reference, statistical week 23 is 6/02/14–6/08/14 and 32 is 8/4/14–8/10/14. “Fish 

count” is based on tallies of sockeye salmon adults provided by the Fish Passage Center 

(http://www.fpc.org) as observed by the Corps of Engineers at their fish counting window. PIT-

tag and GSI stocks are Okanagan (OKA), Snake River (RED), and Wenatchee (WEN).  The # of 

samples for a given week was used to calculate sample rate. Very few sockeye salmon were 

sampled from the Snake River stock (n=17), which greatly limited inferences regarding run-

timing and abundance of this stocks.   
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Table 3. Sample numbers by monthly strata for steelhead that were DNA sampled or tallied for abundance at Bonneville Dam 

in 2014. 

  
Bonneville Sample (N) 

  
Management 4-wk Fish Window Count Clipped Unclipped 

 
Sample 

period Strata Clipped Unclipped GSI PBT GSI PBT Total rate 

Skamania Summer 

15_18 886 306 10 3 7 0 20 1.7% 

19_22 1484 296 23 13 11 1 48 2.7% 

23_26 5680 3831 27 18 24 0 69 0.7% 

A and B Index Summer 

27_30 30761 38021 76 173 249 12 510 0.7% 

31_34 64375 47747 61 209 275 10 555 0.5% 

35_38 67090 29491 14 72 33 9 128 0.1% 

39_42 20478 8128 12 262 50 49 373 1.3% 

  Total 190754 127820 223 750 649 81 1703 0.5% 

Note: For reference, statistical week 15 is 4/7/14–4/13/14 and 42 is 10/13/14–10/19/14. “Fish count” is based on tallies of adipose-

clipped and unclipped adult steelhead provided by the Fish Passage Center (http://www.fpc.org) as observed by the Corps of 

Engineers at their fish counting window.  The total sum of all samples for a given week was used to calculate sample rate.  The 

management periods approximate the date ranges from April 1st  to June 30th and July 1st to October 31st which are used to categorize 

Skamania and summer steelhead, respectively.   The sample numbers were split into two categories according to whether samples had 

been taken from fish that were adipose clipped or unclipped, and then further split according to the number of samples that were either 

assigned (PBT) or not assigned (non-PBT) to Snake River hatcheries using PBT. 

 

 

Molecular markers 

Genetic markers are provided in Hess et al. 2013 for Steelhead.  The GT-seq panel of 298 Chinook salmon are provided in Section 1. 

Statistical analyses 

Snake River Chinook salmon and steelhead and Pacific lamprey were analyzed for Parentage assignments using SNPPIT software 

v1.0 (ID: 1341) (Published).  The program ONCOR was used to estimate the most likely population-of-origin for the sockeye salmon 

https://www.monitoringmethods.org/Method/Details/1341
https://www.monitoringmethods.org/Method/Details/1341
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samples.  Individuals were assigned using a “best estimate” approach Assigning individual samples using Individual Assignment (IA) 

genetic methods v1.0 (ID: 1334) (Published).  We used GSIsim for Mixture modeling to estimate stock proportions v1.0 (ID: 1333) 

(Published) to estimate stock composition of Bonneville Dam mixture strata for Chinook salmon and steelhead.  Additional detail 

regarding the specific application to Bonneville Dam are published in Hess et al. 2013.  The juvenile lamprey at Lower Granite Dam 

were used to estimate effective population size.  Inbreeding effective population size estimated using the software program Colony 

v1.0 (ID: 1342).  Analyses to test single parent assignments were performed with Cervus  Method: Parentage Analysis using Cervus 

v1.0 (ID: 1430).

https://www.monitoringmethods.org/Method/Details/1334
https://www.monitoringmethods.org/Method/Details/1334
https://www.monitoringmethods.org/Method/Details/1333
https://www.monitoringmethods.org/Method/Details/1342
https://www.monitoringmethods.org/Method/Details/1342
https://www.monitoringmethods.org/Method/Details/1430
https://www.monitoringmethods.org/Method/Details/1430
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Results 

Single parent assignment of known parent-offspring Chinook salmon from migration year 2014 

Using the 292 GT-seq SNP loci with complete information we were able to genotype a set of 88 

Chinook salmon that migrated through the Bonneville Dam fish ladder in 2014.  We also 

successfully genotyped 90 parents that were known matches to 48 of the year 2014 migrants.  

Therefore, this dataset represented known parent-offspring pairs that we could use to test the 

power of the 292 GT-seq SNPs for performing single parent assignment, and we compared this 

power to smaller sets of loci (179 and 90 SNPs) which were similar in size and content of the 

SNP panels we use for GSI and PBT, respectively.  We simulated 1000 offspring and 100 

parents which represented 75% of the “population”.  The 292 SNPs yielded better separation 

between the distributions of mismatching SNPs of the true matches and false matches (Fig. 2a).  

This result can be interpreted as providing better ability to identify a majority of true positives 

when selecting a threshold of no more than 1 or 2 total mismatches for single parent matches.  

This separation of mismatch distributions is in contrast to the larger overlap observed for 179 

(Fig. 2b) and 90 (Fig. 2c) SNP sets, where even a single mismatch has larger proportions of false 

matches versus true matches.  Further, based on LOD score distributions, the use of 292 SNPs 

would allow a relatively high LOD threshold (~20) without any false negative assignments.  In 

contrast, fewer numbers of SNPs would increase the number of false negative assignments using 

a LOD 20 threshold (Fig. 3). 

 

Figure 2a.  Number of mismatches for single parent assignments using a panel of 292 SNPs.  The 

true single parent assignments were based on a group of parents (N=90) that were known to 
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assign to a group of offspring (N=48) based on previous analysis on the Chinook salmon 

migration year 2014. 

 

 

Figure 2b.  Number of mismatches for single parent assignments using a panel of 179 SNPs.  

The true single parent assignments were based on a group of parents (N=90) that were known to 

assign to a group of offspring (N=48) based on previous analysis on the Chinook salmon 

migration year 2014. 

 

Figure 2c.  Number of mismatches for single parent assignments using a panel of 90 SNPs.  The 

true single parent assignments were based on a group of parents (N=90) that were known to 

assign to a group of offspring (N=48) based on previous analysis on the Chinook salmon 

migration year 2014. 
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Figure 3. LOD score (x-axis) versus number of single parent matches (false and true, y-axis) for 

the following subsets of SNP markers: 292 (top panel), 179 (center panel), and 90 (bottom 

panel).
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Estimated relative abundance of Chinook salmon stocks in 2014 

There were eleven hatchery origin Chinook salmon stocks passing Bonneville Dam that we 

estimated relative abundance greater than 1,000 fish in the season (Table 4). The eleven major 

stocks in order of increasing magnitude were 02_WCASSP (2,701), 06_KLICKR (3,910), 

07_DESCSP (5,722), 09_YAKIMA (6,373), 16_UPSALM (9,911), 13_SFSALM (14,868), 

10_UCOLSP (38,149), 19_SRFALL (38,611), 05_SPCRTU (68,907), 12_HELLSC (86,479), 

and 18_UCOLSF (211,363).  These estimates include relative abundance estimated from PBT-

assigned fish that were mostly adipose clipped, however a portion of the PBT-assigned fish were 

found to have their adipose intact.  Therefore, PBT assignments improved our ability to 

accurately identify hatchery-origin fish and estimate total stock abundance (Table 4).  Further, 

using PBT assignments we can now provide abundance, run-timing, and size and age 

information at a spatial scale of a particular hatchery (Table 5).  The following thirteen hatchery 

stocks produced greater than 1,000 fish: Nez Perce NPFH (1,513), Grande Ronde GRUW 

(2,302), Lostine LSTW (2,703), Lookingglass LOOK (3,179), Imnaha IMNW (3,353), Klickitat 

KLKH (3,397),Pahsimeroi PAHH (3,521),  Powell POWP (4,250), Sawtooth SAWT (5,726), 

Clearwater CLWH (5,897), McCall MCCA (13,142), Dworshak DWOR (13,527), and Rapid 

RAPH (42,367).
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Table 4.  Stock-specific relative abundance and run-timing distributions of hatchery-origin Chinook salmon passing 

Bonneville Dam in 2014. 

 
Estimated abundance Run-timing distribution 

Reporting Total Before June 16 - After 
 

1st 3rd 5th 95th Median Interquartile 

group mean 95% C.I. 15-Jun July 31 August 1 Median quartile quartile percentile percentile date range (d) 

01_YOUNGS 67 10  – 3149 67 0 0 - - - - - - - 

02_WCASSP 2701 1  – 5660 0 0 2701 253 251 255 251 257 10-Sep 4 

03_WCASFA 533 47  – 9723 0 0 533 250 248 253 245 257 7-Sep 5 

04_WILLAM 0 10  – 6505 0 0 0 - - - - - - - 

05_SPCRTU 68907 50672  – 110773 0 0 68907 257 250 263 245 270 14-Sep 13 

06_KLICKR† 3910 2579  – 8175 3724 186 0 142 130 151 125 166 22-May 21 

07_DESCSP 5722 4174  – 9887 5722 0 0 124 118 132 107 152 4-May 14 

08_JOHNDR 563 93  – 6869 563 0 0 134 132 137 112 143 14-May 5 

09_YAKIMA 6373 4879  – 12070 6035 338 0 129 122 137 117 181 9-May 15 

10_UCOLSP 38149 35678  – 46467 37334 815 0 121 116 125 108 145 1-May 9 

11_TUCANO† 101 0  – 3033 101 0 0 - - - - - - - 

12_HELLSC† 86479 82693  – 96682 83838 2641 0 122 118 130 110 159 2-May 12 

13_SFSALM† 14868 13098  – 21037 9567 5301 0 160 149 172 136 188 9-Jun 23 

14_CHMBLN 73 10  – 3587 73 0 0 - - - - - - - 

15_MFSALM 56 176  – 10730 56 0 0 - - - - - - - 

16_UPSALM† 9911 8260  – 21255 8295 1616 0 138 127 159 116 183 18-May 32 

17_DESCFA 205 17  – 3597 0 0 205 - - - - - - - 

18_UCOLSF 211363 165375  – 248242 8662 19069 183632 252 249 257 169 272 9-Sep 8 

19_SRFALL 38611 2041  – 57169 44 877 37690 252 250 257 245 270 9-Sep 7 

Total 488592 
 

164079 30845 293668 
       

 

Note: These summary statistics of run-timing distributions were calculated using a method to estimate abundance of each stock based 

on weekly stock proportions and total numbers of Chinook salmon that were observed passing Bonneville Dam at the fish counting 

window. †Combined with PBT estimated abundance. The run-timing distributions are characterized by ordinal days for the median 

date, inter-quartile dates, and 5th and 95th percentile dates. The distributions were based on the weekly estimated reporting group 
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proportions that were applied to the daily tallies of Chinook salmon at the Bonneville Dam fish counting window.  This method for 

estimating run-timing distributions minimizes bias imposed by uneven sampling.  Hatchery-origin run-timing distributions include 

stock abundance estimated from PBT and GSI assigned fish. Note that although the John Day R. and Middle Fork Salmon R. reporting 

groups are listed here, there are no hatchery programs that exist in these tributaries and their estimated abundance (less than 1000 fish) 

was likely due to misassignment error in GSI. 
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Table 5.  Hatchery broodstock-specific relative abundance and run-timing distributions of unclipped and clipped PBT-

assigned Chinook salmon passing Bonneville Dam in 2014.  

    Estimated abundance Run-timing distribution 

Broodstock Tag     Before Jun. 16 - After   1st 3rd 5th 95th Median Inter-quartile 

collection rate Total 95% C.I. 15-Jun  Jul. 31 Aug. 1 Median Quar-tile Quar-tile % % date range (d) 

OtsCLWH10S 99.48% 5544 3554 – 7715 5544 0 0 121 117 125 112 133 1-May 8 

OtsCLWH11S 95.61% 353 73 – 708 353 0 0 137 134 141 132 145 17-May 7 

OtsCTHW10S 89.29% 528 0 – 1186 528 0 0 - - - - - - - 

OtsDWOR09S 98.87% 225 0 – 559 225 0 0 - - - - - - - 

OtsDWOR10S 98.48% 11448 8707 – 14203 11448 0 0 121 116 125 108 138 1-May 9 

OtsDWOR11S 98.99% 1853 836 – 2956 1853 0 0 131 127 139 125 151 11-May 12 

OtsGRUW10S 98.63% 1598 382 – 2863 1598 0 0 122 120 126 116 131 2-May 6 

OtsGRUW11S 99.53% 704 215 – 1337 704 0 0 139 129 147 125 152 19-May 18 

OtsIMNW09S 97.44% 78 0 – 236 78 0 0 - - - - - - - 

OtsIMNW10S 97.63% 1060 415 – 1934 1060 0 0 160 123 163 119 166 9-Jun 40 

OtsIMNW11S 94.43% 2215 1064 – 3539 745 1471 0 173 163 182 144 191 22-Jun 19 

OtsJHNW10S 94.20% 570 174 – 996 570 0 0 152 147 161 141 165 1-Jun 14 

OtsJHNW11S 97.47% 278 0 – 700 85 193 0 - - - - - - - 

OtsKH09S 99.27% 146 0 – 371 146 0 0 - - - - - - - 

OtsKH10S 97.46% 2289 1330 – 3322 2289 0 0 142 131 151 117 163 22-May 20 

OtsKH11S 80.72% 961 290 – 1769 961 0 0 141 130 149 125 156 21-May 19 

OtsLOOK10S 98.75% 2484 1104 – 4096 2484 0 0 122 119 127 114 135 2-May 8 

OtsLOOK11S 97.47% 695 203 – 1400 695 0 0 134 129 138 125 149 14-May 9 

OtsLSTW10S 94.34% 2069 1251 – 2990 1670 399 0 150 142 164 133 172 30-May 22 

OtsLSTW11S 91.53% 634 173 – 1193 428 206 0 162 152 168 147 173 11-Jun 16 

OtsMCCA10S 99.58% 7760 6196 – 9417 6552 1208 0 154 145 162 135 177 3-Jun 17 

OtsMCCA11S 99.04% 5383 3702 – 7149 1742 3640 0 171 163 177 149 190 20-Jun 14 

OtsNPFH10S 98.39% 1275 413 – 2413 1275 0 0 120 116 122 112 139 30-Apr 6 

OtsNPFH11S 98.88% 237 0 – 715 237 0 0 - - - - - - - 

OtsPAHH10S 98.91% 2431 1437 – 3518 1787 644 0 152 137 167 125 191 1-Jun 30 

OtsPAHH11S 96.62% 1090 415 – 1861 545 545 0 167 145 182 140 186 16-Jun 37 
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OtsPOWP10S 97.67% 3067 1599 – 4624 3067 0 0 120 115 125 109 131 30-Apr 10 

OtsPOWP11S 98.69% 1183 572 – 1911 992 191 0 137 134 145 132 172 17-May 11 

OtsRAPH08S 97.71% 77 0 – 232 77 0 0 - - - - - - - 

OtsRAPH09S 90.69% 1855 832 – 3248 1855 0 0 119 109 122 105 131 29-Apr 13 

OtsRAPH10S 98.98% 35513 31694 – 39804 35513 0 0 121 117 125 108 136 1-May 8 

OtsRAPH11S 98.35% 4923 3540 – 6470 4923 0 0 134 130 137 125 145 14-May 7 

OtsSAWT09S 99.59% 119 0 – 357 119 0 0 - - - - - - - 

OtsSAWT10S 99.44% 4499 2790 – 6175 4499 0 0 129 125 137 117 156 9-May 12 

OtsSAWT11S 96.97% 1108 343 – 2207 681 426 0 163 142 176 133 179 12-Jun 34 

OtsTUCW11S 98.75% 101 0 – 302 101 0 0 - - - - - - - 

Total   106353   97430 8923 0               

 

Note: These summary statistics of run-timing distributions were calculated using a method to estimate abundance of each stock based 

on stock proportions and total numbers of Chinook salmon that were observed passing Bonneville Dam at the fish counting window.  
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There were thirteen non-adipose-clipped Chinook salmon stocks estimated with relative 

abundance greater than 1,000 fish (Table 6).  These non-adipose clipped stocks in order of 

increasing magnitude were 07_DESCSP (1,653), 05_SPCRTU (1,974), 02_WCASSP (6,643), 

15_MFSALM (4,696), 16_UPSALM (8,157), 08_JOHNDR (8,538), 13_SFSALM (10,410), 

09_YAKIMA (10,670), 17_DESCFA (14,174), 12_HELLSC (18,024), 10_UCOLSP (20,552), 

19_SRFALL (90,861), and 18_UCOLSF (540,107).  These stock abundance estimates were 

based on the stock proportions that were estimated in GSI_sim across weekly strata, and were 

multiplied with the total abundance of Chinook salmon that was tallied on a daily basis at the 

Bonneville Dam fish counting window (Table 1).  The summer run and fall run stocks should be 

considered a subtotal abundance, because we only analyzed statistical weeks during the 25–28 

week interval and 33, and 36 – 42 week interval for summer and fall management periods 

respectively.  The missing weeks could not be analyzed because we were not able to sample at 

those times due to restrictions at Bonneville Dam, and so abundance for those periods were 

omitted from our relative abundance estimates. 
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Table 6.  Relative abundance and run-timing distributions of unclipped (natural origin) Chinook salmon stocks passing 

Bonneville Dam in 2014.  

  Estimated abundance Run-timing distribution 

Reporting Total Before June 16 - After   1st 3rd 5th 95th Median Interquartile 

group mean 95% C.I. 15-Jun  July 31 August 1 Median quartile quartile percentile percentile date range (d) 

01_YOUNGS 0 0 – 3245 0 0 0 - - - - - - - 

02_WCASSP 6643 642 – 24227 99 528 6016 253 251 255 182 257 10-Sep 4 

03_WCASFA 174 185 – 9301 174 0 0 - - - - - - - 

04_WILLAM 0 9 – 7593 0 0 0 - - - - - - - 

05_SPCRTU 1974 162 – 8579 0 0 1974 267 266 269 265 271 24-Sep 3 

06_KLICKR 0 0 – 2921 0 0 0 - - - - - - - 

07_DESCSP 1653 679 – 6456 1271 382 0 134 125 164 109 179 14-May 39 

08_JOHNDR 8538 4347 – 14307 6460 2078 0 127 121 145 110 180 7-May 24 

09_YAKIMA 10670 7177 – 13965 9122 1547 0 129 121 143 114 178 9-May 22 

10_UCOLSP 20552 13501 – 24542 16082 4470 0 127 120 142 110 178 7-May 22 

11_TUCANO 293 0 – 2866 293 0 0 - - - - - - - 

12_HELLSC 18024 13503 – 28097 15683 2340 0 137 121 156 112 177 17-May 35 

13_SFSALM 10410 9040 – 18487 9324 1086 0 149 136 159 120 182 29-May 23 

14_CHMBLN 952 504 – 4210 952 0 0 150 142 160 134 165 30-May 18 

15_MFSALM 4696 2985 – 15250 4541 155 0 128 120 140 114 159 8-May 20 

16_UPSALM 8157 5464 – 17300 6941 1216 0 146 129 158 118 189 26-May 29 

17_DESCFA 14174 5820 – 25726 0 0 14174 267 264 273 258 282 24-Sep 9 

18_UCOLSF 540107 490375 – 592931 17397 27872 494838 255 250 263 181 277 12-Sep 13 

19_SRFALL 90861 38716 – 131171 304 1243 89315 253 249 260 229 268 10-Sep 11 

Total 737879   88645 42917 606317               

 

Note: These summary statistics of run-timing distributions were calculated using a method to estimate abundance of each stock based 

on stock proportions and total numbers of Chinook salmon that were observed passing Bonneville Dam at the fish counting window.  

Abundance and run-timing estimates for fall stocks is inaccurate due to data gaps in the fall portion of the run. 
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Run-timing of Chinook salmon stocks in 2014 

We were able to obtain sufficient sample sizes to characterize the run-timing distributions of 

eleven hatchery-origin adipose-clipped adult and jack Chinook salmon spring-run stocks (Table 

4). We included all PBT-assigned Chinook salmon in this abundance estimate regardless of 

whether they were adipose-clipped or not.  The Chinook salmon management periods divide the 

run into the following three date ranges: April to June 15th (Spring-run), June 16th – July 31st 

(Summer-run), and August 1st- October (Fall-run).  The following four hatchery-origin stocks 

were found to terminate within the Spring management period (i.e. the 95th percentile of their run 

distribution occurred on or before June 15th): 06_KLICKR, 07_DESCSP, 10_UCOLSP, 

and12_HELLSC.  The following three hatchery-origin stocks were found to terminate within the 

summer management period (i.e. the 95th percentile of their run distribution occurred after June 

15th and on or before July 31st): 09_YAKIMA, 13_SFSALM, and 16_UPSALM.  The run-timing 

of the remaining summer and fall-run hatchery-origin stocks were estimated with median dates 

after September (05_SPCRTU, 18_UCOLSF, and 19_SRFALL).  In addition, we observed a 

relatively large (>2000) abundance of 02_WCASSP stock which had relatively late run timing 

(median date September 10).  This stock may be due to some misassignment of the spring and 

fall stocks in this West Cascade region (below Bonneville Dam) or this could be explained by 

delayed run timing of a stock that is utilizing new habitat in the Hood River (M. Hess, CRITFC, 

personal communication). 

 The run distributions of 13 natural-origin non-adipose-clipped adult and jack Chinook salmon 

spring-run stocks were similarly characterized (Table 6).  A single natural-origin stock was 

found to terminate within the Spring management period (i.e. the 95th percentile of their run 

distribution occurred on or before June 15th): 15_MFSALM. The following seven natural-origin 

stocks were found to terminate within the summer management period (i.e. the 95th percentile of 

their run distribution occurred after June 15th and on or before July 31st): 07_DESCSP, 

08_JOHNDR, 09_YAKIMA, 10_UCOLSP, 12_HELLSC, 13_SFSALM, and 16_UPSALM.  

The run-timing of the four summer and fall-run natural-origin stocks were all estimated with 

median dates in September: 05_SPCRTU, 17_DESCFA, 18_UCOLSF, and 19_SRFALL.  

However, one spring-run stock, 02_WCASSP, was found to terminate its run after the July 31st 

date, and September 10 was its median run date.  Similar to the hatchery-origin component of 

this stock, there may be some fish utilizing newly available habitat in the Hood River, but other 

explanations may also apply, such as misassignment to the 03_WCASFA stock.  Although these 

categories differ in composition of stocks depending whether we examine hatchery- or natural-

origin fish, comparison to previous analyses of these stocks demonstrates some consistent 

patterns, e.g. combined adult and jack Salmon R. stocks have relatively late runs.  It may be of 

interest to managers that we observed more than 13,000 natural-origin and 10,000 hatchery-

origin fish from spring-run Chinook salmon reporting groups (mostly Snake R. origin) that are 

estimated to return during the summer management (Tables 4, 6).  Data from known origin PIT 

tagged fish which were PIT tagged as juveniles shows similar patterns.   

 Using the PBT-assigned adult and jack Chinook salmon, we also characterized the run-

distributions at a very fine scale according to hatchery and spawn year (Table 5).  Among 

relatively abundant broodstocks (i.e., >1000 fish), the following 9 broodstock sources were 

found to terminate within the summer management period (i.e. the 95th percentile of their run 

distribution occurred after June 15th and on or before July 31st): Imnaha (OtsIMNW10S, 
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OtsIMNW11S), Lostine (OtsLSTW10S), McCall (OtsMCCA10S, OtsMCCA11S), Pahsimeroi 

(OtsPAHH10S, OtsPAHH11S), Powell (OtsPOWP11S), and Sawtooth (OtsSAWT11S).  The 

fish that assigned to the remaining 12 major (>1000 fish) broodstock sources terminated within 

the spring management period.  One pattern worth noting is that the 3-year-old jack Chinook 

salmon (fish that assigned to broodstock that were spawned in 2011), were found to arrive later 

than the 4-year-old salmon from the same hatchery source which is the same pattern seen with 

PIT tag data (PITAGIS).  There were 7 hatcheries which had >1000 fish estimated for both age 

classes (3- and 4- year old), and for all seven of these hatcheries, the 3-year old fish had a later 

median day relative to the 4-year olds (Table 5). 

Parentage based tagging analyses of Chinook salmon in 2014 

We were able to assign 740 adult and jack Chinook salmon sampled at Bonneville Dam in 2014 

to the 2008 - 2011 spring-run Chinook salmon broodstock from fifteen different Snake River 

hatcheries and the Klickitat Hatchery (Table 7).  The fifteen Snake River hatchery sources 

identified by PBT were aggregated into the appropriate GSI reporting group in order to integrate 

the relative abundance estimates from this analysis with relative abundance estimates from GSI 

analyses.  Tucannon hatchery was placed in the 11_TUCANO reporting group.  Johnson Cr. and 

McCall hatcheries were placed in the 13_SFSALM reporting group.  Pahsimeroi and Sawtooth 

were placed in the 16_UPSALM reporting group, and all other hatcheries were grouped into the 

12_HELLSC reporting group.  Adipose marking rates vary across source hatcheries, for the 

eleven hatcheries with sample sizes above 15 fish assignments, there were 5 hatcheries in which 

the adipose marking rate was below 10% unmarked.  The following three hatcheries were above 

15% unmarked: McCall (40%), Pahsimeroi (19%), and Sawtooth (17%) hatcheries.  Sex 

(determined by a genetic marker) and length information were available for these PBT-assigned 

fish and can be used to further characterize the broodstock sources. 

Table 7. Summary information on the PBT Chinook salmon source hatcheries and numbers of 

assignments 

        Adipose clip   

PBT source hatchery PBTpop Tag Rate Age Y N Total 

Klickitat Hatchery 

OtsKH09S 99.3% 5 2 
 

2 

OtsKH10S 97.5% 4 23 1 24 

OtsKH11S 80.7% 3 6 2 8 

LSRCP/IDFG - 

Clearwater (SF) 

OtsCLWH10S 99.5% 4 26 4 30 

OtsCLWH11S 95.6% 3 4 
 

4 

LSRCP/ODFW - 

Catherine Creek  
OtsCTHW10S 89.3% 4 3 

 
3 

LSRCP/USFWS - 

Dworshak 

OtsDWOR09S 98.9% 5 2 
 

2 

OtsDWOR10S 98.5% 4 64 3 67 

OtsDWOR11S 99.0% 3 15 
 

15 

LSRCP/ODFW - 

Grande Ronde  

OtsGRUW10S 98.6% 4 3 4 7 

OtsGRUW11S 99.5% 3 3 4 7 

LSRCP/ODFW - 

Imnaha 

OtsIMNW09S 97.4% 5 1 
 

1 

OtsIMNW10S 97.6% 4 9 1 10 

OtsIMNW11S 94.4% 3 12 2 14 



127 

 

Johnson Cr. 
OtsJHNW10S 94.2% 4 2 5 7 

OtsJHNW11S 97.5% 3 
 

2 2 

LSRCP/ODFW - 

Lookingglass Creek  

OtsLOOK10S 98.8% 4 11 1 12 

OtsLOOK11S 97.5% 3 6 
 

6 

LSRCP/ODFW/NPT 

– Lostine  

OtsLSTW10S 94.3% 4 22 
 

22 

OtsLSTW11S 91.5% 3 5 1 6 

LSRCP/IDFG - 

McCall (SFSR) 

OtsMCCA10S 99.6% 4 55 33 88 

OtsMCCA11S 99.0% 3 20 16 36 

Nez Perce Tribal 

Hatchery (NPTFH) 

OtsNPFH10S 98.4% 4 
 

8 8 

OtsNPFH11S 98.9% 3 
 

1 1 

Idaho Power/IDFG - 

Pahsimeroi 

OtsPAHH10S 98.9% 4 20 3 23 

OtsPAHH11S 96.6% 3 6 3 9 

LSRCP/IDFG - 

Clearwater (Powell) 

OtsPOWP10S 97.7% 4 16 2 18 

OtsPOWP11S 98.7% 3 10 2 12 

Idaho Power/IDFG - 

Rapid River 

OtsRAPH08S 97.7% 6 
 

1 1 

OtsRAPH09S 90.7% 5 10 1 11 

OtsRAPH10S 99.0% 4 190 7 197 

OtsRAPH11S 98.3% 3 42 2 44 

LSRCP/IDFG - 

Sawtooth 

OtsSAWT09S 99.6% 5 1 
 

1 

OtsSAWT10S 99.4% 4 26 6 32 

OtsSAWT11S 97.0% 3 8 1 9 

LSRCP/WDFW - 

L.F. (Tucannon) 
OtsTUCW11S 98.8% 3 

 
1 1 

        623 117 740 

 

 

Estimated relative abundance of steelhead stocks in 2014 

There were five major stocks (abundance > 1000) represented in the total estimated relative 

abundance (N=205,482) of hatchery steelhead passing Bonneville Dam in 2014.  These stocks in 

order of increasing magnitude were SKAMAN (7171), UPPCOL (12074), UPSALM (51,000), 

SFCLWR (61,066), and MGILCS-mega complex (72,357) (Table 8).  These estimates include 

relative abundance estimated from PBT-assigned fish that were mostly adipose clipped, however 

a large portion of the PBT-assigned fish were found to have their adipose intact.  Therefore, PBT 

assignments improved our ability to accurately identify hatchery-origin steelhead and estimate 

total stock relative abundance, particularly for three reporting groups MGILCS, SFCLWR, and 

UPSALM.  Further, using PBT assignments we can now provide relative abundance, run-timing, 

and size and age information at a spatial scale of a particular hatchery (Table 9).  At the level of 

hatchery broodstock, the following 13 hatchery broodstocks were estimated to be greater than 

1,000 fish: Little Sheep Cr. [LSCR11 (3,264), LSCR12 (5,422)], Lyons Ferry [(LYON11 

(17,388), LYON12 (17,878)], Wallowa [WALL11 (9,685), WALL12 (6,702)], Dworshak 

[DWOR11 (58,301)], Oxbow [OXBO11 (10,870), OXBO12 (1,652)], Pahsimeroi [PAHH11 

(8,225), PAHH12 (15,135)], and Sawtooth [SAWT11 (15,135), SAWT12 (9,434)].  These 

hatchery stocks could also be classified into the larger stock groups utilized by GSI analyses, 
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such that the MGILCS reporting group would include Little Sheep Cr., Lyons Ferry, and 

Wallowa hatchery stocks.  The SFCLWR reporting group would include the Dworshak and 

Squaw Creek hatchery stock; and the UPSALM reporting group would include Oxbow, 

Pahsimeroi, and Sawtooth hatchery stocks. 
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Table 8.  Stock-specific relative abundance and run-timing distributions of hatchery-origin steelhead stocks passing Bonneville 

Dam in 2014. 

  Estimated abundance               

   

Management period Run-timing distribution 

Reporting Total Skamania Summer Summer A/B Index 

 

1st 3rd 5th 95th Median Interquartile 

group mean 95% C.I. Apr. 1 - Jun. 30 Jul. 1 - Oct. 31 Median quartile quartile percentile percentile date range (d) 

WCOAST 0 0 – 97 0 0 - - - - - - - 

LOWCOL 644 282 – 1235 570 74 119 107 164 99 267 29-Apr 57 

SKAMAN 7171 5879 – 8456 4334 2838 176 162 200 128 225 25-Jun 38 

WILLAM 0 0 – 455 0 0 - - - - - - - 

BWSALM 0 0 – 139 0 0 - - - - - - - 

KLICKR 0 0 – 643 0 0 - - - - - - - 

MGILCS† 72357 64450 – 80707 3343 68965 221 206 232 183 259 9-Aug 26 

YAKIMA 0 0 – 652 0 0 - - - - - - - 

UPPCOL 12074 7880 – 16996 224 11850 223 206 238 188 260 11-Aug 32 

SFCLWR† 61066 53752 – 67864 0 61031 259 250 268 239 279 16-Sep 18 

UPCLWR 692 36 – 2547 0 692 252 246 258 239 263 9-Sep 12 

SFSALM 0 0 – 331 0 0 - - - - - - - 

MFSALM 477 0 – 916 2 475 218 209 226 190 233 6-Aug 17 

UPSALM† 51000 44246 – 59130 155 50930 227 213 249 192 263 15-Aug 36 

Total 205482   8628 196854               

Note: These summary statistics of run-timing distributions were calculated using a method to estimate abundance of each stock based 

on stock proportions and total numbers of steelhead that were observed passing Bonneville Dam at the fish counting window during 

the sampling period. † These estimates were combined with PBT-estimated stock abundance. 
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Table 9.  Hatchery broodstock-specific relative abundance and run-timing distributions of unclipped and clipped PBT-

assigned steelhead passing Bonneville Dam.  

GSI 

  

Estimated abundance Run-timing distribution 

reporting Broodstock Tagging 
  Skamania Summer 

 

1st 3rd 5th 95th Median Interquartile 

group collection rate 
Total 95% C.I. 

Apr. 1 - 

Jun. 30 

Jul. 1 - 

Oct. 31 
Median quartile quartile percentile percentile date range (d) 

M
G

IL
C

S
 

LSCR10 88.4% 266 0 – 800 0 266 224 215 227 210 233 12-Aug 12 

LSCR11 100.0% 1813 831 – 3016 14 1799 210 199 224 187 232 29-Jul 25 

LSCR12 95.6% 5422 3173 – 8056 19 5403 222 210 230 191 256 10-Aug 20 

LYON11 98.2% 17388 13067 – 22060 2792 14597 218 197 238 157 260 6-Aug 41 

LYON12 99.7% 17878 14237 – 21857 340 17539 218 205 227 188 254 6-Aug 22 

WALL11 98.3% 9685 6273 – 13621 103 9582 226 211 246 190 262 14-Aug 35 

WALL12 99.2% 6702 4625 – 9024 31 6671 217 206 226 189 233 5-Aug 20 

S
F

C
L

W
R

 

DWOR11 97.8% 58301 51236 – 65131 0 58301 259 250 268 239 279 16-Sep 18 

DWOR12 96.6% 865 393 – 1414 0 865 270 267 277 265 279 27-Sep 10 

SQUW11 100.0% 228 0 – 532 0 228 270 267 277 265 279 27-Sep 10 

U
P

S
A

L
M

 

OXBO11 91.6% 10870 6748 – 15568 20 10849 238 219 253 197 264 26-Aug 34 

OXBO12 98.4% 1652 612 – 2863 6 1645 220 209 227 191 236 8-Aug 18 

PAHH11 94.4% 8225 5105 – 11899 28 8197 225 211 243 191 261 13-Aug 32 

PAHH12 98.1% 15135 10659 – 20254 29 15106 232 217 252 197 264 20-Aug 35 

SAWT11 99.8% 3887 2069 – 6118 27 3861 214 201 232 187 260 2-Aug 31 

SAWT12 99.6% 9434 6229 – 13065 27 9407 226 213 244 193 266 14-Aug 31 

  Total   167751   3436 164314               

  

Note: GSI reporting groups indicate which group the broodstock sources are most genetically similar.  Collection abbreviations can be 

found in Table 11.  The date ranges listed under “Skamania” and “Summer” were chosen by steelhead fishery managers, and for each 

hatchery source stock we provide the abundance that has passed within these time periods. 
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There were eleven major stocks (abundance > 1000) represented in the total estimated 

relative abundance (n=113,092) of wild steelhead (Table 10).  These stocks in order of 

magnitude were LOWCOL (1,086), SKAMAN (1,507), SFSALM (2,543), KLICKR (3582), 

YAKIMA (3,736), MFSALM (3,943), UPCLWR (4,404), UPSALM (4,473), SFCLWR (4,562), 

UPPCOL (9,663), MGILCS (73,574).  

 

Run-timing of steelhead stocks in 2014 

We characterized the run-timing distributions of the 5 major hatchery steelhead stocks and 11 

major wild steelhead stocks in 2014 (Tables 8, 10).  Results for the hatchery stocks indicate three 

main run-timing categories of stocks.  An early run-timing category has been observed 

previously to primarily include Skamania summer-run SKAMAN (Median date Jun. 25).  An 

intermediate run-timing category includes the following three major hatchery steelhead stocks 

(ordered by median dates): MGILCS (Aug. 9), upper Columbia R. UPPCOL (Aug. 11), and 

upper Salmon R. UPSALM (Aug. 15).  Finally, a late run-timing category consists of the South 

Fork Clearwater R. SFCLWR (Sep. 16) stock.  The late run-timing category is typically thought 

to be characteristic of B-run steelhead that return after August 25th at Bonneville Dam. 
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Table 10.  Stock-specific relative abundance and run-timing distributions of natural-origin (adipose unclipped) steelhead 

passing Bonneville Dam in 2014. 

 

Estimated abundance 

       

   

Management period Run-timing distribution 

Reporting Total Skamania Summer 

 

1st 3rd 5th 95th Median Interquartile 

group mean 95% C.I. Apr. 1 - Jun. 30 Jul. 1 - Oct. 31 Median quartile quartile percentile percentile date range (d) 

WCOAST 0 0 – 76 0 0 - - - - - - - 

LOWCOL 1086 708 – 2691 257 829 200 184 213 104 229 19-Jul 29 

SKAMAN 1507 617 – 2066 1230 277 176 169 180 119 223 25-Jun 11 

WILLAM 0 0 – 480 0 0 - - - - - - - 

BWSALM 18 0 – 115 18 0 144 138 149 127 152 24-May 11 

KLICKR 3582 1520 – 6603 163 3419 248 238 256 184 263 5-Sep 18 

MGILCS 73574 71055 – 84005 2324 71250 212 200 226 185 254 31-Jul 26 

YAKIMA 3736 1372 – 4796 279 3457 222 210 232 177 260 10-Aug 22 

UPPCOL 9663 5006 – 12754 14 9649 221 211 229 192 256 9-Aug 18 

SFCLWR 4562 2004 – 7823 2 4560 254 244 263 205 279 11-Sep 19 

UPCLWR 4404 2043 – 7720 0 4404 255 246 265 237 279 12-Sep 19 

SFSALM 2543 752 – 5272 1 2542 250 240 258 205 267 7-Sep 18 

MFSALM 3943 1935 – 6317 169 3774 223 202 247 183 262 11-Aug 45 

UPSALM 4473 944 – 5443 210 4263 212 199 226 182 268 31-Jul 27 

Total 113092   4668 108424               

Note: These summary statistics of run-timing distributions were calculated using a method to estimate relative abundance of each 

stock based on stock proportions and total numbers of steelhead that were observed passing Bonneville Dam at the fish counting 

window.
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The wild steelhead stocks (Table 10) generally fit the same run-timing categories as 

characterized for hatchery steelhead.  The 11 major wilds stocks ordered by median date were 

SKAMAN (Jun. 25), LOWCOL (Jul. 19), MGILCS (Jul. 31), UPSALM (Jul. 31), UPPCOL 

(Aug. 9), YAKIMA (Aug. 10), MFSALM (Aug. 11), KLICKR (Sep. 5), SFSALM (Sep. 7), 

SFCLWR (Sep. 11), and UPCLWR (Sep. 12). 

Using the PBT-assigned steelhead, we also characterized the run-distributions at a very 

fine scale according to hatchery and spawn year (Table 9).  This analysis of broodstock sources 

allowed us to group the 13 major ones (>1000 fish) into categories according to their median 

date.  The following broodstock sources all had median dates before August: Little Sheep Cr. 

2011.  Broodstock sources with median dates between August 1st – 24th were: Lyons Ferry 2011-

2012, Sawtooth 2011-2012, Oxbow 2012, Pahsimeroi 2011-2012, Little Sheep Cr. 2012, and 

Wallowa 2011-2012.  Finally, broodstock sources with median dates occurring after August 25th 

were the following: Oxbow 2011 and Dworshak 2011. 

 

Parentage based tagging analyses of steelhead in 2014 

We were able to assign 831 steelhead sampled at Bonneville Dam in 2014 to the 2010-2012 

steelhead broodstock from eight different Snake River hatcheries (Table 11).  The largest portion 

of the PBT-assigned fish originated from the Dworshak Hatchery (n=324, 39%), and the next 

greatest portions originated from the Lyons Ferry (23%), Pahsimeroi (11%), Wallowa (9%), and 

Sawtooth (8%) hatcheries.  Using these known hatchery-of-origin steelhead, we compared the 

individual assignments based on GSI analysis and used these assignments to help classify them 

into the most genetically similar reporting group (Table 11).  Those groupings were used to 

combine results of PBT-hatchery abundance estimates with the GSI estimated abundance of 

hatchery stocks (Table 9).  Adipose marking rates did not vary much across source hatcheries. 

There were 7 hatcheries with sample sizes above 15 fish assignments, and all but two of them 

had adipose marking rates below 5% unmarked.  The exceptions were Dworshak and Sawtooth 

hatcheries which had a 16% and 19% unmarked, respectively (Table 11).   

We examined which of the hatchery sources were contributing the size range of fish 

typically classified as B-run steelhead (Table 12). Fish with a fork length greater than or equal to 

78 cm were found to primarily originate from the Dworshak broodstock source, and most of 

these were from the 2011 spawn year (2-ocean age). The 2-ocean age is typical of B-run life 

history.  Further, the regions of the South Fork and Upper Clearwater R. and Middle Fork and 

South Forth Salmon R. are generally thought to be the largest sources of B-run steelhead.  

Dworshak and Squaw broodstock fit within the South Fork Clearwater R. genetic stock and so 

are expected to produce large, older steelhead.  However, this year, Oxbow hatchery fish were 

comprised of greater than 5% of fish that were greater than or equal to 78 cm length.  
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Table 11. Summary information for Snake River steelhead broodstock sources and numbers of 

assignments of Bonneville Dam steelhead in 2014. 

GSI PBT Broodstock 
     

reporting source source Average Age of PBT Adipose clip 
 

group hatchery abbreviation Tagging rate assigned adults Y N Total 

M
G

IL
C

S
 

LSRCP/ODFT - Little Sheep Cr. FH 

OmyLSCR10S 88.4% 3-ocean 1 
 

1 

OmyLSCR11S 100.0% 2-ocean 10 1 11 

OmyLSCR12S 95.6% 1-ocean 24 
 

24 

LSRCP/WDFW-Lyons Ferry 
OmyLYON11S 96.0% 2-ocean 89 7 96 

OmyLYON12S 98.6% 1-ocean 93 1 94 

LSRCP/ODFW-Wallowa F.H. 
OmyWALL11S 98.3% 2-ocean 40 1 41 

OmyWALL12S 99.2% 1-ocean 35 1 36 

S
F

C
L

W
R

 

LSRCP/IDFG/USFWS Dworshak/C.W. 
OmyDWOR11S 98.1% 2-ocean 262 51 313 

OmyDWOR12S 96.3% 1-ocean 10 1 11 

LSRCP/IDFG Sawtooth (USB/Squaw) OmySQUW11S 100.0% 2-ocean 
 

3 3 

U
P

S
A

L
M

 

Idaho Power/IDFG,Oxbow F.H. 
OmyOXBO11S 92.0% 2-ocean 37 

 
37 

OmyOXBO12S 98.4% 1-ocean 9 
 

9 

Idaho Power/IDFG, Pahsimeroi F.H. 
OmyPAHH11S 79.5% 2-ocean 31 2 33 

OmyPAHH12S 97.8% 1-ocean 56 1 57 

LSRCP/IDFG Sawtooth (IDFG & SBT) 
OmySAWT11S 99.8% 2-ocean 13 8 21 

OmySAWT12S 99.5% 1-ocean 40 4 44 

          750 81 831 

Note: The GSI reporting group is the group that is most genetically similar to the listed hatchery 

broodstock sources.  The hatchery abbreviations include digits that indicate the spawn year, e.g. 

11S = 2011 spawn year.  The tagging rate is the percent of broodstock parents that were 

genotyped.  Adipose clipped fish (Y) and non-clipped fish (N) refer to the number of adult 

steelhead passing Bonneville Dam in 2014 that were assigned to parents from a particular 

broodstock source. 

 

 

 

 

 

 

 



135 

 

Table 12. Sex and size attributes of Snake River hatchery steelhead passing Bonneville Dam 

steelhead in 2014. 

 

Sex and size 

 Broodstock Female Male Total 

 

collection % >78cm length % >78cm length N >78cm length Ocean- age 

LSCR10 100.0% 0.0% 0.0% - 1 0.0% 3 

LSCR11 72.7% 0.0% 27.3% 0.0% 11 0.0% 2 

LSCR12 33.3% 0.0% 66.7% 0.0% 24 0.0% 1 

LYON11 72.9% 0.0% 27.1% 3.8% 96 1.0% 2 

LYON12 44.7% 0.0% 55.3% 0.0% 94 0.0% 1 

WALL11 73.2% 0.0% 26.8% 0.0% 41 0.0% 2 

WALL12 30.6% 0.0% 69.4% 0.0% 36 0.0% 1 

DWOR11 55.9% 55.2% 44.1% 87.7% 313 69.6% 2 

DWOR12 27.3% 0.0% 72.7% 0.0% 11 0.0% 1 

SQUW11 66.7% 0.0% 33.3% 100.0% 3 33.3% 2 

OXBO11 70.3% 0.0% 29.7% 18.2% 37 5.4% 2 

OXBO12 33.3% 33.3% 66.7% 0.0% 9 11.1% 1 

PAHH11 87.9% 0.0% 12.1% 0.0% 33 0.0% 2 

PAHH12 42.1% 0.0% 57.9% 0.0% 57 0.0% 1 

SAWT11 71.4% 0.0% 28.6% 0.0% 21 0.0% 2 

SAWT12 38.6% 0.0% 61.4% 0.0% 44 0.0% 1 

Total 464   367   831     
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Concordance between PIT-tag and genetic methods for stock identification of sockeye salmon 

 An ongoing study employing PIT-tags for fish tagged as adults to estimate sockeye 

salmon escapement relies on detection of tagged fish at upstream dams in order to identify stocks 

(Fryer et al. 2014).  For example, detections at Tumwater, Wells, and Lower Granite dams 

provide identification of Wenatchee, Okanagan, and Snake River sockeye stocks, respectively.  

However, in many years there is a portion of fish that cannot be assigned due to failure to tag, tag 

loss, or for reasons related to detection failure (either mortality of the fish, lock passage or 

equipment sensitivity at the dam detection arrays).  In 2014, there were 385 unassigned sockeye 

salmon (27%) out of the total 1420 that were PIT-tagged.  Therefore, GSI can provide the stock 

information missing for over a quarter of the fish sampled at the Adult Fish Facility at 

Bonneville Dam.  The concordance between methods has been previously determined to be high, 

e.g. 97.9% to 99.5% for Wenatchee and Okanagan stocks, respectively (Hess et al. 2013).  These 

concordance results allow us to combine the stock identification results from both PIT-tag and 

genetic methods.  For example, we primarily relied on PIT-tag stock ID, and in the absence of 

this PIT-tag ID, we utilized the genetic stock ID.  The results from combining PIT-tag and 

genetic stock ID provided stock information for the entire set of 1,420 fish sockeye salmon 

(n=385, and PIT-tag n=1035) that were sampled at the Adult Fish Facility in 2014. 
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Table 13. Stock-specific relative abundance and run-timing distributions of sockeye salmon passing Bonneville Dam in 2014. 

    Estimated    Run-timing distribution 

Reporting Sample relative 
  

1st 3rd 5th 95th Median Interquartile 

group size abundance 95% C.I. Median quartile quartile percentile percentile date range (d) 

Wenatchee 256 119971 105797-134764 180 175 186 169 193 29-Jun 11 

Okanogan 1144 488813 473980-503567 181 175 187 168 196 30-Jun 12 

Snake 17 5136 2517-8691 186 181 196 175 209 5-Jul 15 

Total 1417 613920   - - - - - - - 

 Note: The estimated relative abundance was calculated based on weekly proportions of each stock using a combined PIT-tag and 

Genetic stock ID, and these proportions were multiplied by the total number of sockeye counted at Bonneville Dam in a particular 

week (sampled time period from statistical week 23-32).  The run-timing distributions are indicated by ordinal day of passage in 

which a specific proportion of the total abundance was estimated to have passed Bonneville Dam.  The interquartile range is marked in 

days. 
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Estimated relative abundance and run-timing of sockeye salmon stocks in 2014 

Abundance was estimated during a span of eight statistical weeks in which sample numbers were 

9 or greater per week (Table 2).  The PIT-tagged sockeye salmon stocks passing Bonneville Dam 

were estimated with the following abundance in decreasing magnitude: Okanagan (488,813), 

Wenatchee (119,971), and Snake River (5,136) (Table 13).  Genetic assignments of fish from 

three stocks (Okanagan, Wenatchee, and Snake River) were utilized in cases in which it was not 

possible to assign them with PIT-tag data due to lack of detections of fish at their terminal dam.  

These genetic assignments typically has the most significant impact on the proportion of Snake 

River sockeye, however, sample sizes of this rare stock are very low and difficult to accurately 

measure. 

We characterized the run-timing distributions of the three main genetic stocks of sockeye 

salmon (Table 13). These stocks could be ordered by median date as follows: Wenatchee (Jun. 

29), Okanagan (Jun. 30), and Snake River (Jul. 5). 

 

Parentage based tagging analyses of Pacific lamprey 

We have been tracking one particular cohort of Pacific lamprey that are offspring of translocated 

adults that spawned in 2007 in Newsome Creek, a tributary in the Snake River basin.  Juveniles 

collected in a screw trap in 2012 at the mouth of Newsome Creek were found to be comprised of 

99.2% offspring of the translocation spawners from 2007 (Hess et al. 2015).  From the next year, 

2013, we analyzed 98 juveniles collected in the same screw trap and found that 96.9% were 

offspring of the 2007 translocation.  In neither 2012 or 2013 were any of the individuals 

observed to have developed eyes, and so they were not macropthalmia, but they were estimated 

to be 5-year-olds and 6-year-olds in 2012 and 2013, respectively, based on the year that their 

parents were known to have spawned (2007).  Further downstream of Newsome Creek, we have 

been collecting juveniles at Lower Granite Dam from 2011 – 2014. These juveniles are mostly 

macropthalmia but their ages are mostly unknown, because up until 2014, none of them have 

been found to assign to parents that we have genotyped (such as the translocated adults from 

Newsome Creek in 2007).  However, 2014 marks the first year that we identified a translocation 

offspring among the Lower Granite Dam juveniles (N=377).  A macropthalmia (length=142 mm) 

was collected on February 25, 2014 from Turbine Unit#6 North at Lower Granite Dam and was 

identified to be an offspring from one of the families that had been identified from Newsome 

screw trap samples (i.e. family cross#19, Hess et al. 2015). We will continue to monitor these 

juveniles each year in expectation that the parentage assignments to the Newsome Creek 2007 

translocated adults will continue to increase to a peak in abundance corresponding to the peak 

migration timing of this life stage.  This discovery of a peak migration timing would help 

confirm ages of juveniles passing the dam.  In the meantime, we can also estimate effective 

population size (Ne) for each year of juveniles collected at this dam.  Estimation of the effective 

number of spawners represented by these migration year 2014 LGR juveniles yielded 508 (95% 

CI 441–595), which is relatively low given that it would represent the effective spawner 

abundance of nearly the entire Snake River Basin.  
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Discussion 

Parentage based tagging (PBT) and genetic stock identification (GSI) may be considered as 

methods that could replace the central functions of the coded wire tag program and could be a 

replacement for adipose fin marking to identify hatchery origin fish.  However, this replacement 

would be contingent on securing a higher level of funding to genotype a greater number of 

samples both from hatchery broodstock, Bonneville Dam, and from harvest; further, most 

hatcheries throughout the range of Chinook salmon would have to contribute broodstock samples 

to this PBT baseline, in order for the method to serve ocean fisheries management and the need 

to monitor total fishery impacts for stocks including Columbia River stocks harvested in ocean 

fisheries.  The genetic methods provide a substantial amount of information when they are 

combined and used to analyze Columbia River Chinook salmon and steelhead passing 

Bonneville Dam.  PBT improves the accuracy for defining hatchery-origin and by subtraction, 

total natural-origin stocks.  Genetic monitoring combining PBT and GSI is one of a number of 

possible tools that can be used to identify hatchery and natural fish at various resolutions.  Other 

methods include, CWT’s, PIT tags, VIE tags, and otolith marks.  Adipose fin clips can be used to 

differentiate hatchery fish from wild fish either when fish are clipped at 100% or through 

expansions if stocks are not clipped at 100%.  PBT can further discriminate among hatchery 

stocks within the reporting groups that we use for GSI analyses, and so we can now characterize 

different age-classes from particular hatcheries by run-timing distributions and estimate their 

abundance at Bonneville Dam.  GSI continues to provide information that would not be possible 

with PBT, which is identification of all non-Snake River hatchery stocks as well as all natural-

origin stocks.  

This long-term study will allow us to characterize trends in run timing and abundance of 

steelhead and Chinook and sockeye salmon and provide this data to fisheries managers.  We 

were able to address the following F&W Program Management Questions: 

What are the status and trend of adult productivity of fish populations? 

What are your in-river monitoring results and what are your estimates of stock 

composition and stock-specific abundance, escapement, catch, and age distribution? 

Trapping at Bonneville can only be done at very low rates due to restrictions placed on 

trap operations by USACE and NFMS. Low sample rates inhibit getting a representative sample 

of various stocks of fish. Higher sample rates would improve the precision of the estimates of 

fish at Bonneville Dam.  Some fisheries were also sampled at very low rates.  

We identified eleven hatchery stocks and thirteen wild stocks of Chinook salmon 

estimated to have relative abundance greater than 1,000 fish pass Bonneville Dam in 2014.  It 

may interest fisheries managers to know that the run-timing of the “spring-run” stocks 

contributed to the total abundance of adult and jack Chinook salmon that pass through the 

Columbia River mainstem in two management periods, spring and summer. In fact, we observed 

more than 13,000 natural-origin and 10,000 hatchery-origin fish from spring-run adult and jack 

Chinook salmon reporting groups (mostly Snake R. origin) that are estimated to return during the 

summer management (June 16 – July 31). Data from fish PIT tagged as juveniles suggest the 

majority of these late timed fish are jacks.  There were some consistent run-timing results with 

those from previous analyses, e.g. Salmon R. stocks have relatively late runs compared to other 
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spring stocks.  Our GSI accuracy allows us to distinguish the following five stocks of fall-run 

Chinook: West Cascade, Spring Creek tule, and Deschutes R., upper Columbia R. summer/fall-

run, and Snake R. stocks; and unlike our method of analysis of the migration year 2013, this year 

we subsampled most weeks in the fall management period to provide more accurate estimates of 

the total abundance of these stocks.  PBT analysis has allowed us to demonstrate consistent run-

timing difference between jacks and 4-year olds from the same hatchery.  In all cases in which 

the two age classes could be compared from a single hatchery the jacks were found to come later 

than the 4-year olds which is the same pattern as is typically observed for fish PIT tagged as 

juveniles. 

For steelhead, we identified eleven wild- and five hatchery- steelhead stocks with an 

estimated relative abundance greater than 1000 fish passing Bonneville Dam in 2014.  We found 

that genetic stocks seemed to fit well into the historical management categories, especially the 

hatchery stocks.  Genetic stocks included an early Skamania summer-run, an intermediate run-

timing category that contains most wild and hatchery steelhead stocks, and a late run-timing 

category with stocks that exhibit median dates after August 25th and includes South Fork 

Clearwater R. (Dworshak Hatchery), as well as wild stocks from upper Clearwater R, Klickitat, 

and SF Salmon R.  Characteristics of the steelhead that assigned to Snake River steelhead 

hatchery broodstock sources generally support the typical A-run and B-run steelhead life history 

categories.  The relatively large (greater than 78 cm) steelhead were found primarily to originate 

from Dworshak hatchery broodstock.  These fish were also relatively old (2-ocean-age) and were 

derived from the Clearwater R. which is one of the regions expected to produce “B-run” 

steelhead.  This analysis did not specifically address run sizes of A or B Index steelhead 

(steelhead smaller or larger than 78cm) which is currently used to manage fall season fisheries, 

although the U.S. v. Oregon Technical Advisory Committee utilizes the same steelhead data 

collected at the Bonneville AFF trap to estimate these run sizes.  It is also notable that the 

MGILCS reporting group represents some fish both within and outside the Snake River steelhead 

DPS, but does not represent all of the fish within the Snake River DPS. 

This was the third year we were able to analyze sockeye salmon using GSI, and our 

results provided some useful insight.  Sockeye salmon relative abundance can be estimated with 

a mark-recapture (recapture via detection arrays) approach using PIT-tagging of adults at 

Bonneville Dam. However, each of the PIT-tagged fish must survive and be detected at its 

terminal dam for the method to successfully assign all individuals to a particular stock.  

Therefore, there is often an “unknown” group of fish that cannot be assigned to stock using this 

PIT-tag method alone, which provides a potentially useful role that GSI can fill.  In this study, 

the additional information that GSI provided for the “unknown” category of fish helped to 

improve abundance estimates on the three sockeye populations from the Okanagan River, 

Wenatchee River, and Snake River.  We were able to use stock composition estimates of sockeye 

salmon at Bonneville Dam to compare to the stock proportions estimated in the harvest in 

fisheries (Section 3).  However, Snake River sockeye represent such a small proportion of the 

run and sample rates at Bonneville and in the fisheries were so low that it is difficult to draw 

conclusions about the number of Snake River sockeye at Bonneville or in the harvest.  The 

relatively large number of fish that comprises the Wenatchee stock does allow more precision on 

our stock estimates, and we did observe a significant difference between the estimates of 

abundance of Wenatchee stock at Bonneville Dam and the zone 6 harvest.   
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This was the second year we were able to analyze Pacific lamprey with parentage 

analysis and utilize this tool to track offspring from a translocation event.  For the first time, we 

have identified an offspring (7-year-old) from translocated adults from Newsome Creek among 

the juvenile lamprey that were sampled from Lower Granite Dam in 2014.  We will continue to 

perform this analysis for subsequent years.  We expect that the 2007 cohort of juveniles reared in 

Newsome Creek will continue to work their way downstream and so will likely be identified in 

even greater numbers via parentage at Lower Granite Dam.  This detection is likely the first 

direct observation of a genetically-aged lamprey at this large distance from its natal site (i.e. 

~250 km downstream).  In addition, our genetic analysis of juvenile lamprey at Lower Granite 

Dam allows us to estimate effective number of spawners for the entire Snake River basin.  As 

such, this method can provide a means for monitoring adult abundance of lamprey for this large 

and important region of its native range. 
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Overall Conclusion 

This project combines four inter-related studies from the Fish & Wildlife Program 

Accords that address the following current and future objectives: 1) discover and evaluate SNP 

markers in salmon and steelhead and other anadromous fishes; 2) expand and create genetic 

baselines for multiple species including Chinook salmon, steelhead, sockeye salmon and 

kokanee, and coho salmon; 3) implement Genetic Stock Identification (GSI) programs for 

mainstem Chinook salmon, sockeye salmon, and steelhead fisheries and 4) GSI of fish passing 

Bonneville Dam (steelhead, sockeye, and Chinook salmon) and juvenile Pacific lamprey passing 

Lower Granite Dam.  

SNP discovery and evaluation goals (Objective 1) were achieved with a total of five 

projects that included one project each on Chinook salmon, steelhead, Coho salmon, Sockeye 

salmon, and Pacific lamprey which developed existing and newly identified SNP markers for use 

in Genotyping-in-Thousands by sequencing (GT-seq) technology.  This new genotyping protocol 

has greatly increased our laboratory’s efficiency by allowing large numbers of fish to be 

genotyped with large numbers of SNP loci but at lower costs.  For genetic baseline expansion 

(Objective 2), the 96-SNP baseline for sockeye salmon and kokanee was expanded with the 

addition of kokanee collections.  In addition, two RAD-seq projects have been initiated and will 

provide high density geographic coverage of Chinook salmon and steelhead populations in the 

Columbia River Basin.  SNPs identified through these latter efforts will be useful in 

characterizing genetic diversity of hatchery and wild Chinook salmon and steelhead stocks.  This 

study included two broad applications of GSI; namely, stock composition of Chinook salmon, 

sockeye salmon, and steelhead fisheries (Objective 3), and stock composition of Chinook 

salmon, sockeye salmon, and steelhead passing Bonneville Dam and juvenile Pacific lamprey 

passing Lower Granite Dam (Objective 4). Chinook salmon and steelhead fishery applications of 

GSI were integrated with the new genetic technology of parentage based tagging (PBT). The 

challenge imposed by long histories of exogenous stock transfers from specific hatchery 

programs often prevents effective application of GSI in assigning hatchery fish. However, as the 

role of PBT is expanding to tag all hatchery fish, the role of GSI will be focused on identifying 

stocks of natural-origin fish. 

Our GSI analyses of harvest included stock composition results for the spring, summer, 

and fall management periods of Chinook salmon fisheries in the lower Columbia River 

mainstem.  Among selective fisheries issues, we addressed a recent concern of fishery managers 

related to an expansion of the Chinook salmon sport fishing boundary around the mouth of the 

Wind River.  Although our results could not be used to conclude that the Wind River sport 

fishery continues to primarily target its intended stock despite the boundary change; we did find 

that the composition of this harvest was quite different from other fisheries conducted during the 

spring management period. We also estimated stock composition for the mark-selective fall-run 

Chinook salmon sport fishery and observed an increase in estimated proportion of upriver stocks 

relative to the W_Cascade_fa stock from the lower Columbia River, as compared to the first year 

of analysis. 

Sockeye salmon and steelhead fisheries were analyzed and our stock composition results 

will provide additional information to managers of these fisheries.  However, the sockeye salmon 

results indicate an increase in sample size may be warranted to make accurate estimates of rare 

stocks such as Snake River sockeye salmon.  Although it was possible to estimate stock 

proportions of Snake River sockeye salmon, the low sample sizes precluded our ability to 

conclude whether there are significant differences in proportions of this stock among fisheries 
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and at Bonneville Dam.  For steelhead, we quantified unmarked hatchery stocks that were 

present among unclipped steelhead caught in Zone 6.  These data will be combined into a data 

analysis that includes clipped steelhead that were harvested in Zone 6 and the lower Columbia 

and will be reported by IDFG (in collaboration with CRITFC and WDFW). 

For Objective 4, we used a combination of GSI and PBT to estimate run-timing 

distributions and relative abundance of hatchery and wild Chinook salmon and steelhead stocks 

in 2013.  We also combined PIT-tag and genetic analyses to estimate run-timing distributions 

and abundance of sockeye salmon stocks.  The stock-specific data on abundance and run-timing 

of these species were used as a context for interpreting harvest stock composition. 

Lastly, Pacific lamprey juveniles were collected as mortalities on the screens of turbine 

units at Lower Granite Dam (LGR) in 2014.  Objective 4 included an analysis to test whether any 

of the juveniles from the dam could assign to adult lamprey that were translocated in the Snake 

River basin in the year 2007.  A single individual estimated to be a 7-year-old juvenile was 

identified as an offspring of translocated adults, and represented our first positive identification 

to date. These juveniles from the 2014 sample represented a total of 508 effective spawners that 

contribute to total lamprey production from the entire Snake River Basin. 

 


