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ABSTRACT

Onepair of recessive mgjor gene and several modifiers dominated the ma-
jor gene of Gaoyou duck’s double-yolk egg. The fitness of double-yolk
egg trait was analyzed by population genetics one the basis of special
environment and natural geography. The results showed that the double-
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yolk eggtrait fitnesswas 8.23 under artificial selection duringtheyear 2000
to 2002. The equilibrium of high intensive artificial selection and natural
selection resulted in the trait of Gaoyou duck’s double-yolk egg.

© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Domestication actually isthe process of artificia
selection. Likenatura sdection, artificial selectionacts
by allowing differentia reproductive successtoindi-
vidua swith different genetically determined traitsin
order toincreasethefrequency of desirabletraitsinthe
popul ation. However, unlike naturally selected traits,
artificially selected traits do not necessarily convey
greater fitness. Instead, artificially selected traitsare
based on what the person breeding animal’s desires!“.

These traits, which can range from hornless
goats®® to a particular coat color in domestic ani-
mals'¥, are selected for by allowing only individuals
that possessthetrait to reproduce, while those that
lack thetrait are prevented from reproducing. Because
it lacksthe control of fitness needing to increasefit-
ness, artificial selection can cause problemtraitsto

predominate in aspecies.

Fitnessisameasureof reproductivesuccess. Those
individua swholeavethelargest number of mature off-
spring arethefittest. The maintenance of reproductive
fitnessinlinessubjected to artificia selectionisoneof
themajor problemsinanimal breeding. Thedeclinein
reproductive performance hasneither been predictable
from heritabilitiesand genetic correl ations, nor have con-
ventiona selection indices been adequateto avoid the
problem.

The Gaoyou Duck isoneof thebest duck strainsin
China Gaoyou duck, digtributed Lixiahedigrict, Jangsu
province and protected in preserve areasand in pre-
servefarms(Gaoyou Breeder Duck Farm), isexcd lent
inegg production. Gaoyou Duck can be used to make
processed and salted duck, and isfamousfor produc-
ing doubleyolk eggs*3. Therewere 100 000 ducks
in2002. Ageat first laying is 120~160 days. Annual
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egg productionisover 200 at 500 days. Average egg
sizeisabout 85g. Eggshell color iswhiteand greenf?.
Gaoyou duck isabreed of duck that has been bred for
egg production, especially double-yolk egg. Inthepro-
cessof selecting for thisappearance, agenetic defect
hasincreasedin frequency inthepopulaion. Usudly, a
doubleyolk eggwill not evensurviveto hatch. If it does
hatch, thepoor ducksare severdly deformed, connected
to oneanother. Clearly, thiscondition doesnot increase
the double-yolk egg’s fitness and would be strongly
selected againgt by natural selection. However, since
these duckshave been subjected to artificia rather than
natural selection for generations, the defect has spread
in the population. The percentage of Gaoyou duck
double-yolk egg reaches 2-10%, another high
percentage’s poultry breed of double-yolk egg is Shaver
star cross 288 heng ™Y,

Thetrait of Gaoyou duck’s double-yolk egg is a
kind of fitnessor embodiment of fithess. A doubleyolk
egg can’t be hatched and would be strongly eliminated
through natural selection. But double-yolk egglinere-
mainsat the condition of artificia selection by therea
son of human favor of double-yolk eggaongthesouth-
ern part of the Jianghuai Plain.

Inthisstudy, 4 closed populations, 19linesegg lay-
ing performancefrom 2000to 2002 aregtatisticaly and
genetically analyzed in order to analyze of fitness pre-
dominancefor Gaoyou duck’s double-yolk egg.

MATERIALSAND METHODS

Basicinvestigation of Gaoyou duck population

Gaoyou Breeding Duck Farm was builtin 1975.
Sincethen, aseries of breeding methodswas carried
out to establish basi ¢ breeding population. Asaresult
of many year artificial selections, duck body and ap-
pearancearebasicaly aike and production performance
improves. Annual egg productionis 170, 20 morethan
at the beginning of the Farm. The age at first eggis
about 170-180d.

The breeding of Gaoyou duck hasfast devel oped
forindividua selectionsince 1990’s. By combining line
selection with individual selection, egg production of
the selection populationis 220 to 240 at 500days and
egg weight isabout 84g by theend of year 2000. There
were 39 linesmorethan 20 000 breeding ducksin 2002.
Thestrainlay high quality and double-yolk egg, but a
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little plump and lower feed conversion.
Egg production dataretrieval

Thereare 10 populations, 39 linesnow. Thedata
for thisinvestigation were taken from egg production
record of 4 closed populations,19 lines in Gaoyou
Breeding Duck Farm during the period 2000 to 2002.
Egg production records per year werea | number and
double-yolk number from 26th to37th week’s age at
first egginearly spring.

Satistical and genetic analysis

Statistical and genetic analysis are based on
Falconer’s method of quantitative genetics!

Estimation of double-yolk egg real production

Calculation of repeatability

Thetrait of double-yolk eggisaffected by genetic
and environmental factors. It showsdifferent repeat-
ability at different year. Estimation of possible produc-
tion are needed by repeatability.

2
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M Sb—M Sw Ko 1 |N_Zli
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r =
e MSb+(K-1)MSw N

r, . repeatability; MS: square between populations, MSw:
sguare within population; D: number of determined years; N:
sum of different population number

Significancetesting isadopted by t-te<t.

Estimation of double-yolk egg real production
P =(P,—P), +P=(P,-P)—te 4P
x—Hn o TR T e (n=)r,
P.: Double-yolk egg real production; P: Mean value of all
population double-yolk egg; P,: Meanvalue of individual popu-
lation ntime
Mean vaueof al population real productionand

Estimation of samplingerror
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Calculation of double-yolk eggfitnessunder arti-
ficial selection

Supposing that trait of no double-yolk egg (H) via
double-yolk egg (h) iscomplete dominant, thetrait of
double-yolk isrecessiveinheritance, al duckslaying
double-yolk egg are with recessive gene(h), drakeis
heterozygote Hh, female duck isheterozygoteHh, all
h’h’ in filial generation shows “double yolk”. h’h’ isa
theoretically sex in that double yolk egg can’t be
hatched.

g representation double-yolk egg genefrequency,
x isdouble-yolk egg frequency. Because maeand fe-
maleduck theoreticaly havethetrait of laying double-
yolk egg, X =¢f

w denotes relative selection proportion of no
double-yolk egg viadouble-yolk egg (O<w<1), namely,
fitness predominancefor no double-yolk egg under ar-
tificid sdection.

Increment of double-yolk egg frequency over one
generation

Ax={0*(1-0)+0*(1-0)}/2(1-°){ 1-(1-q)*(1-w)} —0*/ 2

Supposing double-yolk egg frequency isinequilib-
rium between adjacent two generation, when Ax =0,
theequation of which could beexpressed: aboveturns
to:

_ 1-q =1 Jx
1+q)(1-q)° (1-x)(1-+x)

%— 1 denotesfitness predominancefor double-yolk
egg under artificid seectioninthisperiod.

RESULTS

Early egg production record of 19 Gaoyou duck
families

Egg production records of 4 Closed popul ations,
19 Gaoyou duck familiesshowsin TABLE 1 during the

year 2000to 2002. Therecord wasat the agefrom 26
to 37 week.

TABLE 1: Early records(26-37 week-age) for egg production of 19 Gaoyou duck familiesduringtheyear 2000to 2002

cp. 2000y (tenth generation) 2001y (eleventh) 2002y (twelfth)
F.D.Nu. E.Nu. D.Nu Perc. F.D.Nu. ENu. DNu Pec. F.DNu. ENu D.Nu Perc.
A 5 50 3161 47 1.49 50 3263 27 0.83 50 3837 61 1.59
B 4 40 2950 43 1.46 40 2516 25 0.99 40 2806 36 1.28
C 6 60 4076 45 1.10 60 3803 44 1.16 60 4510 35 0.78
D 4 40 2474 30 121 40 2754 23 0.84 40 3113 37 119

C.P.: Closed populations; F.: Families, F.D.N: Female duck number; E.N.: Egg number; D.N: double-yolk egg number; P:

Per centage of double-yolk egg
r

e

MSb—-MSw

r = =0.26
€ MSb+(K-1)MSw

_ 1+ (n-yr.fx@-r.)

V.. =0.1444
n(n-1)(D-1)
G, o=V, =1/0.1444 =038
r, 026
t= ~ 03 -88<196 (=104, vaueof to), nosig-

re
nificant differenceat 0. 01 leve

Double-yolk egg of Gaoyou duck real production

+P=(P,-P)— e 4P

P_=(P,—P)r e 4P
X (P =P) 1+(n=21r,

(n)

P,=123;P,=120P_=108P,=1.12

Populationsmean real production of double-yolk
trait and sampleerror

S, =008

Fitness predominance of double-yolk egg trait
under artificial selection

Fitness of no double-yolk egg under artificial se-
lection:

Jx

W=l-—=
1-x)1-vx)

=0.1215
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Fitness predominancefor Gaoyou duck’s double-
yolk eggunder artificial selection

1
0.1215
8.23i.e.fitnessof double-yolk is8.23 timehigher
than that of no double-yolk egg

-1=8.23

DISCUSSIONS

Gaoyou islocated at 32°47°N, 119°25’E in the
southern part of the Jianghuai Plain, on the north bank
of YangtzeRiver. Theclimate of Gaoyou belongstothe
subtropical monsoon marineclimate. It istemperateand
moi st and thefour seasonsare quit distinct. Gaoyouis
relatively flat withan elevation of 2 to 3 meters. This
areaisstuatedin atransit belt fromthe subtropica re-
giontoawarmtemperate zonewith humid changeable
wind and the average temperatureisclose 15°C with
thehottest 27.6°C in July and the coldest 1.7°C in Janu-
ary. Theraining season isfrom themiddle of Juneto
July andtheannua averagerainfal isaround 1,000 mm.
Theaveragerdativehumility is67% and over 200 days
free of frost. Numerous rivers and lakes crisscross
Gaoyou and the Grand Cand runsnorthward. Thethird
largest freshwater lake of Jiangsu, Lake Gaoyou, isto
itswest, providing thisareathe most important water
resource. Thisenvironment furnishes Gaoyou duck with
theabundance of aquatic produce. Sotheenvironment
of thisareaismarkedly different fromvicinity.

Gaoyou wasfoundedin 223 BC, but archaeol ogi-
ca findsin Gaoyou hasfound evidenceof ricegrowing
dating back 5,500-7,000 years®. Agriculture hasplayed
alargepart intheoverall economy of theregion. The
history of domesticating duck isat least morethan 1000
years®. Thewell-known feature product thisareais
double-yolk duck egg and “egg culture” come into be-
ingtherefore. So Gaoyou duck istheproduction of long
sl ection and breeding to duck.

At present, most of domesticated chicken and
ducksarelower frequency linesof double-yolk eggin
theworld. Only starcross 288, which has degener-
ated sinceit wasintroduced into China, and Gaoyou
duck can be considered ashigh yield lines of double-
yolk egg.

Production traitsof Gaoyou duck now depend on
breeding system, history of population, selection pres-
sureand soon. At first, aseriousof different habitatsin
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different community canlead to domestic duck trait and
genetic space differentiation. Secondly, thegenetic di-
versity of Gaoyou duck istheresultsof long-term evo-
lution accumul ation just asother organisms. Production
traitsof Gaoyou duck now comedownto the breeding
methods over thousandsin theregionsof Gaoyou lake.
People are especially keen on sometraitsand fix the
trait through some breeding methods in the areas of
Yangtze River. For example, peoplein Lixiahe Region,
which atributeto partsof areasof Yangtze River, breed
Gaoyou duck by selection of big eggsor double-yolk
eggsas hatching egg, which can beapproved by long-
term egg culturein theregions of Gaoyou lake. The
bigger theegg, themorelikely chance of adoubleyolk.

Theform causes of double-yolk egg consist of at
|east genetic factor, only high percentage of Gaoyou
duck can beinherited to next generation, and physi-
ological factor, it showshigh activitiesof ovariesfrom
the point of view of physiology and frequently appears
inyouth femalefowls. Inadditions, other factors, such
asenvironment and pathology, can a so affect thetrait.
Genescontrol domesticanima economicd traits, which
isthe embodiment of gene expression. The gene ex-
pression isaffected by organismin- and out-environ-
ment. Thesevarietiesregul ate gene expression by ner-
vousand humora system. Thehigh ovary activitiesof
youth femalefowlsaretheresults of nervousand hu-
mora regulation. So double-yolk eggtraitistheresult
of genetic and environmenta correlations.

Season variety, asakind of predicted and perma-
nent, isproved toinvolveinthetrait of double-yolk
egg. Thetraitissengtiveto environment variety, which
cause generaly someun-inherited differentiationsand
increasethedifficultiesof geneticandysis. Thehistory
of Gaoyou duck breeding showsthat the Gaoyou ducks
laying egg at early spring have upper double-yolk per-
centage. So we choicetherecordsfrom 26th to 37th
week’s age at first egg in early spring of each year.

Thetrait of double-yolk egg can steadily beinher-
ited and beaffected by environment at sametime, which
showsthat thetrait is controlled by major genesand
affected by modifying genes. Inherit makethe Gaoyou
duck possessthetrait’s physiological basis. Whether
Gaoyou duck lays double-yol k egg depends on other
environment factors. The male and female duck are
naturally normal, or they can’t reproduce. That is to
say, normal duck laysdouble-yolk egg, which can’t al-
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most be hatched. Normal duck carry double-yolk egg
gene, which by all meansisarecessive mutation ac-
cording to common genetics. SO major genes of
double-yolk eggtrait attribute to dominant-recessive
relationship and are controlled by acouple of recessive
major genes and somemodifying genes.

Becauseof specia natural -, anthro-geography and
cultureintheregion of Lixiaheriver, theendearment of
big egg, especidly double-yolk egg, makethefitness of
double-yolk egg genereach 8.23 timeviaundouble-
yolk eggunder artificid sdlectionand showshigh strength
artificia sdection. Throughlong-termthisseection pre-
on, ahigh percentage double-yolk egg line appear.
High double-yolk percentage egg of Gaoyou duck is
theresult of artificia long-term sdection. Other domes-
ticated duck breeds can dsolay double-yolk egg, there
arenot high percentage of double-yolk egg and specia
linejust as Gaoyou duck because absence of long-term
artificia painstaking selection. Theba ancesbetween
artificial and natural selection could been seeninthe
process of domestication for other animals. Intersexua
goats haven’t reproductive ability, but the incidence of
intersexudity ingoat isconstant in that sel ection poss-
bility for hornless goats, whoseintersexua genesare
supposed to link with polledness gene, ismuch higher
than the horn oneg®1012,

Gaoyou duck isone of excellent duck breedsin
China. Doubleyolk egg of Gaoyouisfamousaround
theWorld. Itisfirst timeto study thefitnessof Gaoyou
duck double-yolk eggtrait by popul ation genetics. The
fitnessanaysisare carried through under specia back-
ground, that is, the condition of local natural- and

anthropo-geography.
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