Parentage analysis

Similar technigues as those used in human parentage testing!

AEveryperson receives a unigque set of genetic information
from their parents - half from Mom and half from Dad

ADifferent approaches depending on goals and system
- Exclusion, likelihood



Parentage analysis, exclusion approach

1.) Determine multi-locus genotypes for all potential mothers,
fathers, and offspring

2.) A parent must share at least 1 allele at every locus with a
potential offspring

Candidate parents
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Parentage analysis, exclusion approach

Possible outcomes:

1.) All, but one parentpair,
are excluded

2.) More than one parent
cannot be excluded

3.) All potential parents are
excluded

Assign parentage

Need more loci or use
another approach
(1.e., likelihood)

Un-sampled parents



What do we need for parentage analysis?

U Genetic markers

Marker type # loci needed Variability
Microsatellites Usually few High
n~1215 many alleles
SNPs Many Low
n > 60 bi-allelic

U Powerful set of loci

- simulations to evaluate power

- empirical test using known parent-offspring
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What do we need for parentage analysis?

U Sampling of most potential parents
- trap fish as they return to spawn
- trap below majority of spawning
habitat
- carcass surveys can recover
un-sampled fish

Crossed in a hatchery or mated in the wild : :



What do we need for parentage analysis?

U Representative sample of offspring
- Sample as adults or juveniles

http://gorgenewscenter.com/57/
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http://fish101-spring2011.community.uaf.edu/page/5



Overview of 2 projects using parentage analysis

1.) Johnson Creek reproductive success (microsatellites’

2.) Parentage based tagging (SNPs)



Background

Published studies show evidence of reduced fitness of hatcheryeared fish
when they are allowed to reproduce in the wild

Example of steelhead in Hood River:
RSWxW > HxW > HxH

"54838
- history of out-of-basin hatchery influence
- recycle hatchery fish through hatchery

Females

More generations in the hatchery =
Wicaw  Wicxel greater opportunity for domestication
selection

Males




Types of hatchery programs

Segregatedoroodstock Integrated broodstock
100%
Hatchery environment Hatchery environment

I 100% -!

Natural environment Natural environment

Johnson Cr. study is the first to evaluate lifetime fitness of Chinook salmon in a
supplementation program at the initiation of supportive breeding



Johnson Creek Chinook salmon reproductive success
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Objectives

1.) Does taking a fish into the hatchery result in more wild born
adults two generations later than if that fish had been allowed
to spawn in the wild?

2.) Are there differences in reproductive success between
hatchery-reared and wild-origin fish spawning naturally?

3.) Are there shortterm (~2 generations) genetic conseguences
as a result of supplementationz i.e. do hatchery-reared fish
reduce the fitness of wild-origin fish?



Methods

U Sample all returning adults at the Johnson Creek weir
U Genotype 15 microsatellite loci

U Parentage assignments used to quantify reproductive success

Offsprin
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U Comparison of reproductive success between hatcheryeared
and wild-origin




Schematic of following RRS by generations

1998: first year fish taken into hatchery
20012003: F1 of BY1998 return to spawn naturally
F 2004-2008: offspring of naturally spawning W/H parents return (F2)

What is reproductive success?q?

03 04 05 06 07 08 09 10

3 types ofpy \n the wild: Naturally born F2s
WI[w X w]
WI[h x w]
WIh x h!

What is reproductive success?q?




1.) Does taking a fish into the hatchery result in more wild born
adults two generations later than if that fish had been allowed
to spawn in the wild?

Grand—oﬁspN

Offspring




2.) Are there differences in reproductive success between
hatchery-reared and wild-origin fish spawning naturally?

Limited evidence that hatchery-reared fish had significantly lower fitness than their
wild -origin counterparts:

Females Males
Gender type

Relative reproductive success of Hfrom BY 1998 and 2000) hatchery
reared relative to wild-origin fish for each gender type.

Possible densitydependence or selection in the hatchery against males?



3.) Are there shortterm (~2 generations) genetic conseguences as
a result of supplementationz i.e. do hatchery-reared fish
reduce the fitness of wild-origin fish?

3 types ofmatings in the wild:
W x W

HxW
Parents Hx H Offspring
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3.) Are there shortterm (~2 generations) genetic conseguences as
a result of supplementationz i.e. do hatchery-reared fish
reduce the fitness of wild-origin fish?

We show no significant difference in RS

WxW HxW HxH



Conclusions

Taking a wild fish into the hatchery resulted in more wild -born adults one

and two generations later than if that fish had been left alone to spawn in
the wild

Generally fail to reject the null hypothesis that reproductive success of
hatchery-reared fish is equal to that of wild-origin fish

Reproductive success of mating types involving hatcherreared parent(s)
was not significantly different from mating by wild -origin parent(s)
- Suggests Chinook salmon reared for a single generation in the
hatchery did not negatively affect the fithess of wild-origin fish in
Johnson Creek



Parentage based tagging (PBT)

Coded-wire tags (CWT) Genetic tags (PBT)

Implant CWT into snout of juvenile Hatchery broodstock

)

Sample adults
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' Presence of tag?

Ly 2 w:va:offspring

No data!
Adult

Juvenile
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Extract tag



Implementation of PBT
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- Age
- Hatchery stock of origin

U Stock contribution to various fisheries
U Survival trends

U Escapement estimates

U Origin of strays and kelts



Steelhead Facility

Chinook & Steelhead
Snake River ESU

0 10 20 40 &0

ASample all hatcheries:

~5,500 steelhead/yr
~8,500 Chinook salmon/yr

AParental baselines
complete for 2008 -
2010 (2011 underway)
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million smolts/yr!







Assignment accuracy of offspring to knownbroodstock parents

FHigh number of juveniles assigned (97.3%)
F100% accuracy to stock
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Number of top SNPs

We only need 1 96SNP panel to assign accurate parentage!



An example application of PBT:
Origin of hatchery steelhead strays in the Deschutes River

A 462 hatchery steelhead sampled aherarsFalls, Deschutes River in 2011

A Portion of straysfrom the Snake River basin?
5

08 09 10 11 12 13

Snake River basin
= 2008 parental baseline
Deschutes Rive

A Steelhead sampled by Rod French ODFW and genotyped by CRITFC
A Sampling continuing in 2012



Of the 462 hatchery -origin returns, 138 (~30%) assigned to the 2008
Snake River basin PBT baseline

Dworshak , n= 29

rande Ronde’,
n=1

Oxbow, n= x
n=>7

N 1Km a

0 200 400 sawtooth , n=31 EFSR, n=1







Parentage example

5 candidate parents sampled

4 juveniles sampled
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Match at least 1 allele at every locus?
If not, exclude parent

Genotype 9 samples for 5 SNPs



Approach: Compare each offspring to the pool of candidate parents
- focus on 1 locus at a time
- Does the candidate parent share at least one allele in common with offspring?
- If not, exclude candidate

Locus 1 Locus 2 Locus 3 Locus 4 Locus 5




Parentage assignment of Offspring B

Locus 1 Locus 2 Locus3 Locus4 Locus5 Locusb6

Need more SNP loci for higher resolving power !



Parentage assignment of Offspring C

Locus 1 Locus 2 Locus 3 Locus 4 Locus 5




Parentage assignment of Offspring D

Locus 1 Locus 2 Locus 3 Locus 4 Locus 5

Unsampled parent, or parent poor quality DNA (thus not included in evaluation)






2008, parent sample, 10,83 |

, | Chinook sample from fishery:
| 86 samples (38 with CWT in Snake, collected 2011)
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