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ABSTRACT

Deng andLynch (1, 2) proposedo characterize deleterious genomic mutations from chaimgédse
mean and genetic variance of fitnéssts upm selfing in outcrossing populations. Such observations
can be readilyacquiredin cyclicd parthenogensSelfing and life-table experimenisere performed for
two such Daphnia populations. ignificant inbreedinglepression and an increase of genediriance
for all traits analyzedwere observed. Deng @hynchs (2) procedures weremployedto estimate the

genomic mutatiomate (U),mear dominance coefficier(tﬁ), mean selection coefficie(s ), and scaled
O O ]
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genom¢ mutational vanance—\(/ﬂ). On averageU, h,s and V”‘ ( indicates an estimate) are 0.84,

e
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0.30, 0.8 and 4.6E4 respectivel. For the truevaluesthe U ard h are lower bounds, dns andvm

e

upper bounds.

INTRODUCTION

Estimates of the genomic mutation rate to mildly deleterious alleles € djanid to testirg theories for
the evolution ofsex (3-6), mate choicg5, 7, 8), outbreedig mechanisra (7), diploidy (9), and the
accelerated extinctiorate ofsmal populations (10-13). Howevefew estimatesare availabk (5, 14,
15). The traditional mutation-accumulation experimda6, 17) takesextensive time and laho
Estimationin highly selfing plantsby making use ofinbreeding depressiodata (18) depends cen

unknown mean dominance cﬁﬁeient(ﬁ) of deleterious mutationd cannot be estimated withobigs

(1, 17, 19-22). Furthermorestimation of Uby inbreeding depressiahatais very sensitiveto the h
value estimatedr assumd (23). Estimation ofother parameters of spontaneoweteriousgenomic

mutations, such as theean selection coefficien{ s) and thegenomic mutation variance scaleg

environmental variance\{f), is also important (24, 12, 25).
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Recenty, Deng andLynch (1, 2) developed an approactvhich is shown (23) to be generally more
efficient than othercurrently existingones (16-18, 27)This approach uses the dagehanges of the
mean ad the totalgenetic variancdor fithesstraits uponselfing/outbreeding)n outcrossing/highly

. : : -~ V : .
selfing populationsto estimatenct only U, but al® h, s, andvm. An unbiased estimate die total

e

genetic variance requiréisa clones ofthe genotypes bavailabk (28) and distributed randomigtcross
the experimental environment. These ensure that there witeramy common environmenteiifects for
clonal members anthat theenvironmental variationvill be clearly separateé from the totalgenetic
variance in analyses.

In Deng and Lynchs (1) original procedurein outcrossing populationgsultiple selfedprogeny musbe
obtained from eachkelfing parent. The geneticariation employedn estimatio in the selfed offspring
generationis tha among themeanof selfed progeny & selfing families. Howeve, multiple selfed
progeny arenot always easyo obtan for all the selfing families.Deng andLynch (2) extended the
approach so thainly oneselfed progenys requred from eaclselfing parent. The extensias found to
be generally morefecient (26).

Cyclicd parthenogens areed for the application of Deng andlynchs (1, 2) technique. Incyclical
parthenogens, genotypes can be cldnedsexuateproduction, andelfed progeny can beonstructed
by mating clonal members (which is genetigadiquivalem to selfing) Thus, outcrossed ansklfed
genotypscan be assayed simultaneouslpne controlled environment, ealsving multiple replicates.
Change ofthe genetic parameters across generatiwik then not be confoundedby temporal
environmental change. Performing one-way AMQ with clonal genotypes awain effects andclonal
replicates for genotypes as randdifieets, provides unbiased estimates for the total genetic variance.

Selfing and life-table experiments ase performed on populations two cyclically parthenogenetic
species ofthe freshwater cladoceraBaphniaarenata andaphnia pulicariaThe mean and genetic
variancein the outcrossed parental aselfed dfspring generationsvere estimated and uséd infer
deleterious genomic mutation parameters by Dend gnchis (2) extended procedure.

MATERIALS AND METHODS

Studyorganisn and populations: In naturanatingin cyclically parthenogenetic Daphnia populatiogs
usualy random (29-31) and the populatisize is efectively infinite (29, 30). In the laboratoy,
parthenogenetic reproduction canrbaintained indefinitelyas long as environmental conditionsmain
favorable. During parthenogenetic reproduction, genotgpeisithfully replicatel (31), which makes it
possibleto estimaé the total genetic variancewithout bias (32, 33). Sexualreproduction carbe
experimentally inducednd the resultant resting eggs can be hat(B@®9). Generatiotime isabout

2 weeks at 22C (40).
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The experimental populations are from Amazon Park (D. arenata) in Eugeread@®rera Reservoir
(D. pulicaria) in Cottage Grove, OR. Electrophoretic studies showed that the two populations reproduce
by cyclical parthenogenesis with mating within each population béiectigely random (33, 39).

Experimental procedues

Detailed experimentgdrocedures osamplirg populationscloning anl selfing genotypesdetermining
species identyt and hatching selfed resting eggs have lEmumented previouskg, 33 39). Briefly,
females sampled fromie field were isolated intandividud beakers containingbout 200mls of filtered
and agedvaterfrom the populations' source habitats, dad with the greemalga Scenedesmus. The
species identity was determinégt morphologich (41, 42) ard biochemich (43-45) criteria. Over a
period of two months, the isolated females reproduced asgxoathing cohors of genetically identical
individuals. During thisperiod, most clones alseeproducedsexually i.e., males were produced
ameioticaly, and some asexudémalesswitchedto sexualreproductionby producig sexual eggs
meioticall. Since male and females ineach beaker argenetically identical, mating among them
genetically equivalento selfing. The resultantsexualy produced eggs are a diapausing form
(ephippia), and hatcheby taking themthrough light/warm and dark/colctycles (33, 36, 39). The
hatched selfed individuals were then expanded clpnall

Two life-table experimentavere performed, one for each population, with 30 randwicrossed
parentaclones and 30 random selfedféspring clones (each frorB0 different random parental clones)
being used for each population. Each genotype was replicatedtimeandall were acclimatedo the
experimental conditionf®r two generations befor@y measurement, ensuritiget maternal and grand-
maternaleffects do not contributeto the among-clongariancein the final analysis(32). All clonal
replicates wereandomly distributedh the experimental setting. Eaatonal replicatevasmaintainedn
100 ml water (aged foet least one month arfdtered beforeuse) fromthe populations' source habitats,
with ~300,000cells of the greeralga Scenedesmysr ml. For theAmazon populationthe experiment

was conductedt 20°PC (a typical daytimeemperatug during the growing seasoim the populatiors
source habitat- a seasonapond), 12 hr:12 hr light-dark photoperi@iypical during this populatica
growing season), and the cultunater wa replenished everylay. For the Dorena population, the

experiment was conductetiZH°C (a typicaltemperature during the growing seasothe populatiors
source habitat- bottom of apermanent lake), 16 hr:8 hr light-dark photoperftgbical during this
populations growing season), and the cultwater waschanged everypthe day (due to the slow
development of Daphnii&a this temperature). Startinffjom the third generation, new-bomdividuals
were measuredaily (Amazon populationpr everyotha day (Dorena population)from birth to the
second (Amazon populatiooy the thid (Dorera populatior) adut insta, to obtaindata fordifferent
life-history traits, such as instar-specific body size, age at release of first clutch, growth rates, etc.

Data Analysis

The data weresubjectto one-way ANOYA to estimatethe genet variance. The estimates of the
standard errors for the genetic variance were obtained Gwjther approximation (32, 37).
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Fecundity is beliewéto be under directional natural selectido increase. Thughe genotypianeans
(W) and genetic variancd/;) for fecundityin the selfed dfspring generatiors) and the outcrossed

parental generatiofp) were usedo infer U, h, ; and% by Equations Al (4-5)n Deng and.ynch

e

(2). Dueto thecomplex nonlinear functional relationship tbe mutation parameters with the observed
guantitiesin both generationssimple analyticalapproximations for thesampling variancesf the
mutation parameters an®t obtainable. Thus, bootstrappiagdyses wereattempted. Howevedueto

the small samplesize, the genetc variances arevelry sensitiveto the resamplingof the original data. For
most traits, 1000 bootstrappigalyses could not be carried through, and oftdarge samplirg errors
were found.To obtan estimatios with reasonalyl small samplingerrar, larger sample sizeare needed
(1, 2). Simulation result§2, 26) suggest that 20€lones would resulin much better estimates with
reasonably small sampling errors.

RESULTS

For the Dorena D. pulicaria population, seifresultel in a high magnitudef inbreedingdepression for
all traits analyzed(Table 1). The results for the change of genetarianceupon selfing were notas
conclusive aghose for thechange of thaneans(Table 1). The genetic variancasiformly increased
upon selfing, though none is statistically significant.

Table 1: Summaryof the mean (W) and geneti variane (V) for fitness traits for the
selfed progeny generation (s) and outcrossed parental generation (p)

Fitness traits W(s) V, (s) W(p) Vv, (p)

Dorena D. pulicaria

1st clutch size 7.01 5.84 8.27 3.92
(0.54) (2.30) (0.40) (1.24)

2" clutch size 10.44 20.85 13.19 15.13
(0.97) (7.35) (0.68) (3.58)

3rd clutch size 13.46 30.95 16.25 24.72

(1.23)  (11.85) (0.77)  (4.62)

Amazon D. arenata

1st clutch size 4.85 1.49 8.00 0.99
(0.43) (1.05) (0.42) (1.21)
2" clutch size 12.76 5.19 16.91 1.46

(1.38) (11.56)  (0.79) (4.69)
The numbers within parentheses indicate one standard error
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Estimates for Uh, ; and% are quite consistent withead population but differ somewhat between
R 5 0O
thDetwo populationsespecialf for s (Table2). Averagingover the first three clutchesU, h, s and
% were 0.99, 0.36, 0.2nd8.9E-4respectivef for the D.pulicaria population, and.69, 0.23, 0.07,
e 0O
3.D4E-5 respectivelyin the D. arenata populatioAveragingover the two populations U, h, s and

Voo were 0.84, 0.30, 0.14, and 4.6E-4 respedtivel

e

Table 2 : Estimates for Uﬁ, ; and%

e

Fitness trait N U U []
U h S Y
Ve
Dorena D. pulicaria
1st clutch size 0.79 0.35 0.20 1.2E-3
2" clutch size 1.04 0.35 0.23 8.2E-4
3rd clutch size 1.15 0.38 0.21 6.5E-4
Average 0.99 0.36 0.21 8.9E-4
Amazon D. arenata
1st clutch size 1.00 0.25 0.06 5.3E-5
2" clutch size 0.38 0.20 0.07 1.4E-5
Average 0.69 0.23 0.07 3.4E-5

Genetc correlatiors between fecundities dfifferent clutchegRs ( C,C )) = total genetic correlation
between the ith and jth clutch sizes) are hi#$(C,,C;) = 0.67,Rs (C,,Cs) = 0.91,Rs (C,,C3) = 0.78 for

the Dorena D. pulicaria population, alRgl(C,,C;) = 0.53 for the Amazon D. arenata population. Due to
the high interdependency of withjpopulation estimates as revealsdthe high genetic correlations, the
above overall average of estimatesrswcompute over the two populations’ averages rather than over
the estimates for the five individual clutches of the two populations.

DISCUSSION

The study addmbreedig datafrom cyclicd parthenogento the existent abundambreeding literature
in purely sexuabrganisms(7, 28). Mostimportanty, the experiments here prowda demonstration,
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though the data astill preliminary, that theestimation techniques developeglDeng and_ynch (1, 2)
are promising in characterizing deleterious genomic mutations in natural populations.
Due to the potentialvariable mutation effects and epistatic%‘fects (1, 2), the genomic mutatiDon

|:| = =
pararaeters estimated here are lower boumdse case oU, h, and upper bounds the casefo s

and % Howeve, the estimates are not biased by the peculiar life cycle of cyclical parthenogens (2).

e

All of the assumptions usday our estimation approachre essentiall the same as those useby
Charleswoth et al. (18); someare thesane as thosemployed in the traditional ratation-accumulation
approach (16, 17, 46). Fexample the Bateman-Mukai techniquessumes a Poisson distribution of
mutation occurrencén the genome, anthat mutatiors at different loci underlying the trait arein
gamatic phaseequilibrium Howeve, the labor and thdime to perform traditional mutation-
accumulation experiments greatly excabd necessary fothe apgicaion of our approab using
populationsat mutation-selectin equilibrium The experiments hereere performedby the authomwith
some assistanae atotal of about 12 months. kgerscale experiments such @émse employing~200
clones should be carried out to achieve estimates with relatively small sampling errors.

It should benoted thasselfing isnot essential witrour approach (26), thougtioning of genotypestill

is in order to separate environmental variance from genetic variale¢@6) hawe worked out the exact
formulation forexperimental settings @fry degree ofinbreeding,so that aslong as genotypes cdoe
cloned our approach can be applied. In addition, we (Dehagl., in prep.) ae developing appropriate
experimental designs and statistianalyseghat may eliminatehe requirement ofloning genotypeso
tha characterizing deleterious mutations can be accomplishatinostary outcrossing populations.
Furthermore, iseems possibleo obtain estimateof deleterios genome mutatiors that may not be
biased by the variable mutatioffexts (Deng et al., unpublished).

Our estimatian (1, 2) approaches wenevestigated extensivelyy compute simulatiors for robustness,
statistical properties andifferent designs(1, 2 26), while manyof these issuesmperatively await
studiesfor the otherestimation method@l6-18, 27, 47). The most importaagsumption underlying the
estimationapplying to natural populatiasn (1,2,18,27)is that populations areat mutation-selection
balance. Accordingl| all the standirg genetic variationis dueto directional selectioron deleterious
genomic mutations and heterosis/inbreeding depressioal due to dominance. Evenn large
populations, despite tremendoe$orts (23, 48-52), the exterb which this assumption isalid is
genera}y unknown. Inorder to correctly characterize deleterious genomic mutations from natural
populations (1,2,18,27), th&sssumption need® be examined closely—@ask thatis being actively
pursued (53).
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