S=

Introduc Yon

Avoidance of inbreeding Is a major concern in conservation biology
and the management of endangered species. Inbreeding
decreases growth and fithess traits such as reproductive output
and survival (inbreeding depression, ID)1? and causes higher rates
of extinction in experimental lines3. The degree of ID also depends
on the environment; ID Increases In harsher or more stressful
experimental environments?, and in the wild>, which has
Implications for threatened species facing habitat destruction and
climate change.

Day 25 Spat

Day 2 2 year old adult

Hgure 1. (a)Pcture of the nursery system (d30-d60) used. (b)Inbred vs.
outbred families showing inbreeding depression in the inbred families. (d)
The Wrigley Marine Saence Center, Sarta Catalina Island, CA.

However, previous studies of the effect of environment on ID have
been done at the population level (i.e. differences In mean trait

values across environments) and little 1s known about the

underlying genetic mechanisms of this interaction. The
Pacific oyster, Crassostrea gigas, Is a good model animal to study
the interaction of environment and ID because oysters have a large
load of highly deleterious recessive mutations® (genetic load) and
are amenable to experimental breeding studies, and have well
developed genomic resources, such as genetic markers and
linkage maps.

Methods

An Inbred F, cross was split and reared on 2 diets: a single algal,
nutrient poor diet (1-alga diet), and a mix of three algea, nutrient
rich diet (3-alga diet). Animals from each treatment were reared
through metamorphosis, sampled at day 60, and genotyped at 45
microsatellite markers located on 9 of 10 linkage groups (n=96). A
QTL mapping approach was employed using marker segregation
data to identify deleterious viability loci across the genome and to
estimate their genetic effects; allelic or additive effects vs. non-
linear or interaction effects’, thus providing insight into the gene
action of viability loci. Relative fitness of genotypes at each viability
QTL (vQTL) was used to estimate mortality. Total mortality was
calculated as the multiplicative effect of all viablility loci greater than
50 cM apart and was partitioned into allelic or interaction mortality
and corrected for sample size.
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Results

¥.Diet has a substantial effect on oyster larval survival
and growth. Larvae reared on the 3-algal diet grow
almost twice as fast and survive four times better after 60
days than those on the 1-algal diet.

Genotypeby environment interac Yora +ectgene Ydoad in the
Pacl .coyster Crassogea gigas
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Figure 2. Triangles correspond to the 3-algal diet, circlesto the 1-alga diet in the survival

data. Error barsrepresent 1 standard error.

¥The genomic scan finds 13 vOQTL (Fig 3) Iin the 1l-algal
(harsher) environment caused mainly by selection against
homozygous genotypes and heterozygous carriers of the

deleterious allele.

¥zMortality and severity of selection (LRT statistic) |
much reduced at most vQTL in the 3-algal (Jj vs 1l-algal

diet ()
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Figure 3. QTL mapping resultsfor larvaereared on 1l-algal vs 3-algal diets. Red bars

Indicate the end of linkage groups, the dashed horizontal line marksthe threshold
(14.0) for significance of thelikelihood ratio test (LRT) at the .=0.05.
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YaAllelic effects (i.e. effects on heterozygotes) and
allelic mortality increases for the 1-algal diet (Fig. 4)
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(Fgure 4) Viability QTL

¥2Seven vQTL are present in in both diets (vOQTL 1,2,4,6-
8,10). 1-algal diet produces more mortality and selection
at 5/7 QTL due mainly to increased allelic effects and
mortality.

%6 QTL are ameliorated by the 3-algal diet and show
no sign of selection or mortality (vQTL 3,5,6,11,12,13)
due to reduced allelic effects and reduced selection
against the w,, homozygote.

Neares . Allelic
v-QTL | ocus Diet Wy Wi Wy Wy
2 Cgl24 1-Alga 0.00 0.30 0.16 0.54 0.65
2 Cgl24 3-Alga 0.00 0.30 0.40 0.30 0.1

Table 1. Genotypic proportions, wy; —W,,, at VQTL 2. These data show the effect of
maternal allele“1”, which produces a lethal w,;; homozyogote (in both diets) but also has
a dominant effect on the w,, heterozygote in the 1-algal diet.

Conclusions

¥2sWe confirm that Inbreeding depression (mortality) and
genetic load Is higher in harsher environments.

¥alindividual viability loci respond differently to

environment suggesting that inbreeding depression Is
caused by different locl in different environments

¥ We show for the first time, by a QTL mapping

approach, an Important mechanism for the
Increase In Inbreeding depression and genetic
load In harsh environments Is a shift In
dominance, exposing heterozygotes to more
selection .
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