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Mapping of Quantitative Trait Loci Affecting Feed Efficiency in Laying Common Ducks

C. Marie-Etancelin®, B. Bassd, K. Fevé, F. Vignoles, P. Morganx® and A. Vignal*.
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2 UE INRA Unité Expérimentale des Palmipédes a Bras, INRA, F-40280 Benquet.

ABSTRACT: Feed efficiency and body weight QTL in with individual feeders. Feed intakEl} of the BC laying
laying ducks at 39 weeks of age were detected liegstith ducks was measured during a test period of 1 wedl®a
body weight QTL in their mule duck sons at youneg,auay weeks of age. To compute the feed conversion (BZR)
using a design consisting in 287 back cross ferdalks and the residual feed intakieKl), we also recorded the egg
and their 1202 mule ducks sons. The genetic map usemass laid EML ), the body weightgW) and the BW gain
consists of 102 microsatellite markers and 17 lggka (AW) during the test period. ABW were measured only
groups. For laying ducks, QTL for feed intake aesidual  the second year, RFlI was defined withav as the
feed intake were detected at the 1% chromosome-wisgesidual ¢) of the equation:
threshold on linkage group 1, and 2 bodyweight QL Fl = u+ axBW°® +BXEML + ¢
linkage groups 2 and 3, were identified at the B%shold.  Bass0 et al. (2012) demonstrated the very low imrtton
For mule ducks, 3 QTL were also identified on ligga ot Aw in the RFI trait, and presented descriptions of
group 3 for bodyweight at different ages. This HSU performances and genetic parameters estimates.
suggests a QTL segregating in the common duck ptpal The mule ducks were bred from 0 to 70 days of
impacting both weights of adult comr_non_ducks ar?thef_r age in growing batches of 50 ducks and feddibitum
young mule duck sons, but multi-trait analysis didn niil 42 days and then were feed-restricted uritid@ys of
clearly confirm a pleiotropic QTL. age. Their bodyweights were recorded at 12, 28270

. o . days of age §w12d, BW28d, BW42d, and BW70d
Keywords: QTL, single and multi-traits, feed eféocy,  regpectively). Phenotypes and genetic analyses hef t
bodyweight, common ducks. bodyweights are described in Vitezica et al. (2010)

Introduction Marker Data. 130 microsatellite markers were

. . L genotyped on the BC female ducks, their parentstlaeid
Until now in ducks, the focus of publications on paiernal grandparents. A genetic map containing 102

feed efficiency has mainly been on growing animals, narkers in 17 linkage groups@) covering 890 cM was
regardless of the duck species studied (Marie-léilimet build using Crimap software (version 2.4)n silico
al., (2008)) and none concerned QTL analyses. MB#@W  y455ing of the duck markers by sequence similagtine
genetic research on the feed efficiency of layiemshis  cpicken genome allowed the prediction of their posiin
prolific and yields very promising re.sults (TixiBoichard the duck genome. We thus determined that the Kagie
et al. (2002)). We present here our first QTL ressoh feed  ,6,h5 correspond to 14 different chromosomes r@igl),
efficiency in laying common ducks, with a partiaula \ith some independent duck linkage groups corredipgn

emphasis on bodyweight QTL when phenotypes arey, 5 single chicken chromosome.
recorded in different generations of ducks.

) Statistical analyses. Traits for all female BC
Materials and Methods common ducks were corrected for the year and haichi
. ) batch environmental fixed effects. The mule dudksts
_ Animals and Measurements.The basis of the \yere corrected for the year, the hatching batch ted
experimental design is a back-croBE] involving 2 INRA - preading batch fixed effects. Corrections were dosieg
common duck lines: 1444 (a Kaiya common duck sjrain ihe gLM procedure in SAS (2002). Residual effedtthe
and 137 (a synthetic heavy common duck strainyhith 7 yaits measured on female BC common ducks werettjire
F1 common drakes were crossed to 64 1444 females Qgtained as their performances for the trait. Mdleck
produce 287 female BC common ducks over 2 years3and performances were assigned to each BC female by
batches per year. These BC females were in turedmtat  5,eraging the residuals effects across its sokimganto
Muskovy drakes to produce a further generation 2021 5..4ynt the heterogeneity of the phenotypic vadahe to
mule duck sons in 2 years and 2 batches per year&fl).  he variation in offspring number per BC female.

Hatching, breeding and measurements were carrieditou QTL detection was carried out with the QTLMap seftes
the INRA waterfowl experimental farm (UEPFG, Bengue (Elsen et al., (1999): Filangi et al., (2010)) inder to

F_rance). All birds received ad libitum star_ting diet from implement linkage analysis according to the interva
birth to 5 weeks, followed by a commercial pelletheck mapping method (Lander and Botstein, (1989)). Fashe

feed. Animals were bred in collective pens of 58kduuntil chromosome, the more likely phase of the F1 maleders
12 weeks of age and then transferred in indiviciedes '



were first found using marker information from thei

progenies. Next, every 1 cM, the probabilities the

transmission of the corresponding chromosomal satgne

to the offspring were estimated. Then, QTL detectias
carried out by within-sire linear regression. Facle trait
and each linkage group, 10,000 within-family peratioins

Table 2 presents significant QTL results (exceedirg5%
CWS level) in single trait and multitrait analysésnong
all the traits combinations, 3 mQTL were identifiedthe
two-trait analyses and 4 mQTL in the three-traitlgses.
Significance levels reached in single trait versus-traits
detections seem broadly comparable, and decreagheo

were performed to estimate the empirical chromosome three-traits detections, contrariwise to what waseoved in

wide significance CWS) level of the test statistics

(Churchill and Doerge, (1994)).
In the multi-trait QTL analysesm@QTL), all

Kileh-Wais et al. (2013) for results on liver qugliraits. In
our study, multitrait approach didn’'t evidence ofclaar
pleiotropic QTL, and didn’t reduce the confidenogeival

combinations of the 5 BW recorded (BW12d, BW28d, of QTL (result not shown). It is interesting to ecthat
BW42d, BW70d for mule ducks and BW for BC ducks) significant mQTL always include the BW of the BGrfale
were testedj.e. 10 two-traits, 10 three-traits, 5 four-traits ducks. Contrary to what we expected, combinatiothef3

and 1 five-traits analysis.

Results and Discussion

Feed efficiency.Table 1 shows the 4 QTL significant at the

CWS level for feed efficiency traits of the BC comm

female ducks. Two QTL for FI and RFI reached the 1%

threshold on LG1. The high genetic correlation et FI
and RFI (+0.89; Basso et al. (2012)) and the vedogec
QTL location, suggests these could be the same Qfis.
result is consistent with several studies in chickeither in
broiler (Van Kaam et al., (1999)), in laying heMdq|c et
al., (2013)) or in a broiler x laying hens cros®(ds et al.,
(2005)) - in which QTL signals on Gallus chromosofne
reach a 5% genome-wide level in broilers and sugges
levels for the other studies. No QTL was identififet

most correlated mule ducks traits (BW12, BW28 and
BW42) or association of the 3 best single traitsLQT
(BwW28d, BW42 and BW) didn't lead to a mQTL.

Conclusion

To our knowledge, this paper is the first dealing
with QTL detection of feed efficiency in common ilay
ducks. The importance of chromosome 1 is highlightieis
result is particularly interesting in Asia, whicledvily on
the Pekin duck for the production of consumablesedtis
work confirmed the importance of chromosome 3 for
growth performance of ducks either at a young agé o
adulthood. These encouraging results are basedpartial
experimental design: they will be refined and edt=h by
using a new genetic map composed of SNP, with highe

EML, FCR orAW, but 2 QTL for female BW at 39 weeks, marker density and a better coverage of chromosomes
significant at 5% and 1% CWS level respectivelyrave
detected on LG2b and LG3. On young Pekin ducksngua Literature Cited

et al. (2007) also found QTL for BW on LG2 (at bi&nd
at 1 week of age) with the same flanking microsisel
marker than us (CAUDO089). Knowing that our LG3 ircH
is consistent with GGAS in chicken, our QTL is comfed

by many other QTL found in chicken. GGA3 can be

considered as a very interesting chromosome fowtiro

traits in chicken, with more than 50 QTL identified

(www.animalgenome.orgHu et al, (2010)), for both adult
and young birds. Moreover, with the same desigowas
but with more animals per F1 families, Kileh-Wais at.
(2013) already found QTL for BW of young mule ducké

which one QTL for BW28 was significant at 1% geneme

wide level.

Bodyweight QTL by generation of phenotyped

ducks. Figure 3 shows results for BW QTL identified on

LG3 in single trait analyses. Significant QTL foula duck
BW appear when animals are still fad libitum, i. e. until
42 days of age. Thus, although the QTL for BW atiags
comes close to the 0.1% CWS level, no QTL is deter
BW at 70 days old, when mule ducks are fed a ctetti
diet. For BC female ducks, the QTL for BW at 39 W®e

old remained significant and reached the 1% CW®llev

Note that the 3 QTL for mule ducks BW were all lesch

between the same makers (CAUD084 and CAUDO045)
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Figure 1: Experimental back cross design
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Figure 2: microsatellites map of common ducks

Table 1: QTLs related to feed efficiency traits reorded
on BC female ducks — single trait analysis on allnkage
groups

LRT BCfemale ducks bodyweight e
45 Mule ducks bodyweightsat12d «««++ 28d mme 42d = = 70d = - - Threshold
(chromosome wise)
w0 0.1%
35 BCBW 39w
30
25
20
15
10
5
Position
0 (cM)
151115212631%4/‘%616671}%'81%%91951/01/1;67’1/1‘1
AMU060 CAM124 AMB1033 CAMO022 CAUDO84 CAUDO45 CAUDO91 CAM161 CAM134 APT004 APH024

Positions of markers (in centiMorgan) on LG3 are shown on the x-axis.

Figure 3: Global likelihood ratio test profile for
bodyweight traits recorded on mule ducks and on BC
female ducks — single trait analysis on LG3

Table 2: Significant QTLs related to bodyweights of
mule and BC ducks — comparison of single and
multitraits analysis (n=287)

1Trait Bw2sd Bw42d BW BwW12d
QTL Location 0.53 0.62 0.78 0.61
LRT 38.83 33.42 33.30 38.31
Threshold oo oo oo .

0.12% 0.44% 0.47% 2.02%

2Traits BW12d -BW BW28d-BW BW42d-BW
QTL Location 0.67 0.61 0.68
LRT 42.43 42.41 40.46
Threshold oo oo .

0.87% 0.90% 1.5%

3Traits BW12d-BW42d-BW  BW12d-BW70d-BW  BW12d-BW2€d-BW  BW28d-BW70d-BW

QTL Location (cM) LRT  Threshold Confidence interval (cM)

LG Traits Flanking markers

1b Fl CAUDO039 148 26.6 oo 0-5

1b  RFI CAUDO039-CAM029 151 26.6 oo 0-11
2a BW  CAUD070-CAUDO089 46 24.9 . 35-54
3 BW CAUDO045 78 33.3 oo 69 - 90

LG: Linkage group; BW: body weights; FI: feed intake; RFI: residual feed intake. All measured at 39 weeks of age; LRT:
Maximum likelihood ratio. Level of chromosome-wide significance of P-value: e 0.01>P>0.005 and e 0.005>P>0.001

QTL Location 0.67 0.66 0.68 0.61

LRT 50.57 48.30 48.17 48.11

Threshold . . . .
2.22% 3.67% 3.85% 3.95%

LRT: Maximum likelihood ratio. BW12: mule ducks bodyweights at 12 days old. BW28: mule ducks bodyweights at 28 days
old. BW42: mule ducks bodyweights at 42 days old. BW. BC female ducks bodyweights at 39 weeks old. Level of
chromosome-wide significance of P-value:  0.01>P>0.005 and ee 0.005>P>0.001



