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Introduction

Coccidiosis is the most important parasitic diseaf$ecting poultry production. There are
several species of chicken coccidia, each havipgraicular host location and characterized
by a specific pathogenic effect such as charatitegsoss lesionsEimeria tenella is one of
the most frequent ones, developing in the caecufectang feed conversion, causing
depression of body weight gain, lesions and inntwst severe cases, mortality. The use of
genetic resistance has the potential to limit tbgative and costly effects of the disease and
hence would be relevant to implement. Genetic i for resistance to coccidiosis in
chicken has been extensively proven to exist (Jmihmes al. (1986)) and using genetic
resistance to coccidiosis would be an attractiverobmeasure. The objective of this present
study was to identify QTL for different resistantaits toE. tenella. The chosen strategy
was to produce, challenge and genotype a F2 crosstivo chicken lines, a Fayoumi line
and a Leghorn line, identified previously as resistand susceptible foE. tenella,
respectively. The analysis of the F2 and resultghef genome scan are presented here
(Pinardet al. (2009)).

Material and methods

Fayoumi x White Leghorn cross.An F1 cross was produced using 3 cocks and 7 finems
the Fayoumi line and 3 cocks and 6 hens from thgham line. From this F1 generation,
104 animals (males and females) were testeé# .ftenella. Non-challenged full brothers and
sisters were used to produce the F2 cross: 6 Hisceach mated to 5 F1 hens, being sisters
or half-sisters, produced 860 F2 belonging to bgéimders (Pinarct al. (2009)). The
following resistance criteria were measured: Mdgtalwas recorded until 8 d after
inoculation. Body weight gain (WG) was measured\&s = 100 x (Body Weight (8 d post
inoculation) — Body Weight (2 d before inoculatigBpdy Weight (2 d before inoculation).
From blood sampling at 4 d post inoculation, plasmiaration (PC), as a measure of blood
carotenoid level, was analyzed as PC = log10(Opbeamsity at 480 nm) and hematocrit
level (HEMA %) was recorded. Rectal body tempemat(f°) was measured 4 d post
inoculation. At slaughter, cecal lesion scores (LB@&re assessed from O (nho lesion) to 4
(Pinardet al. (2009)).

Genotyping. The F1 sires were genotyped for a set of 9216 SRé¥sthe F2 genotyping, a
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panel made up of 157 microsatellite and 1536 SNBekens covering all the sequenced
genome was choosed based on the markers infortgativid location using MarkerSet
(Demeure and Lecerf (2008)).

Statistical analysis on phenotypeOne of the goal of this study was to obtain songexes
to best resume the aforementioned resistenceiaitieicoccidiosis in chicken with a latent
variables model. A factor analysis (Krzanowski (@)0by usingProc Factor by SAS was
conducted and it allowed to identify one first ardactor. The pattern of the new variable
shows a very high and positive correlation with WIEMA and PC; on the other hand a
negative correlation with LES points out the go@s$datiption of the traits by using the new
variable F1. Moreover about 74 % of the originatiaace can be explained by the only
extracted factor. In addition, data were corredtecsex and hatchffect.

QTL detection analysis.MendelSoft (De Givryet al. (2005)) was used in order to correct
data for possible mendelian errors in the genotyffermation and QTL detection was
performed by using QTLMAP software (Elsenhal. (1999)). An Interval Mapping method
was applied and no assumption either about fixatfoie alleles in the founder lines or the
number of the alleles segregating at QTL were mAdmixture of half and full sib families
was considered as pedigree structure. Significaihcesholds were evaluated through
empirical calculations obtained from permutatiodsdrete trait) (Doerget al. (1996)) or
simulations under the null hypothesis. Finally, esaV approaches were used in terms of
model to fit and considered traits according tdhE) distribution of the traits, 2) a possible
pleiotropy when more than one QTL were co-segragatit the same location. The
following approaches were used: a single QTL aml8i Trait detection for continuous
traits (ST), a single QTL and Single Trait detectifor Discrete traits (STD) and a
MultiVariate approach (MV) by combining two ore madraits (Gilbert and Le Roy (2003)).

Results and discussion

Results of the QTL analysis are summarized in table

ST and STD detection.Results clearly show one very significant QTL kS (< 1%) on
GGA18 at 76.38 cM and 3 more co-located and vegyiicant QTLs were detected for
WG, F1 and LES on GGA16 at 0.25 cM. Several sigaift QTLs (<5%) were also detected
for HEMA on GGA3, GGA10 and GGA15; for LES on GGAfer T° on GGA7, GGAl1l
and GGA17; for F1 on GGA14.

MV detection. An extremely significant QTL was detected on GGA&6 0.25 cM
combining WG and LES to perform a multivariate gsel. These results could be view in
confirmation of the ST analysis with a more probatsupport. Withal correlation structure
among traits can strongly affect results: the s@mé location was identified when PC was
considered in the multivariate analysis; in thisecéhe power still increased but we came up
with a lower significance for the detected QTL. M¥ategy allowed the detection of a very
significant QTL on GGA4 by combining PC and LESamhation and ST permitted to detect
a suggestive QTL for PC roughly in the same locafiesult not showed). In the light of this



it seems that MV analysis let some increase ofstitzdl power to be achieved. A similar
situation is reported for GGA3 when we decideddmbine T° and PC information and for
GGA14 where LES information was added to perfornMdhthe analysis. Additionally MV
analysis permitted to achieve the detection reghén single QTL analysis was not powerful
enough: that is the case for GGAl (suggestive QoL the WG-HEMA-PC traits
combination) and GGA2 and GGA22 (significant QTLr f®C-LES and WG-LES
respectively).

Table 1. Estimation of QTL for resistance traits tococcidiosis after inoculation withE.
tenella in an F2 cross.

Chromosome Trait(s) Loc (cM) LRT Chr wide Gen wide

2 PC LES 169.28 123.26 *

3 HEMA 269.21 76.79 *

3 T° PC 193.21 123.70 *

4 PC LES 224.54 134.24 **

5 LES 40.37 73.24 *

7 T 105.24 73.07 *

11 T° 26.06 66.59 *

14 F1 159.17 65.92 *

14 PC LES 14.17 115.60 *

15 HEMA 31.49 68.66 *

16 WG 0.25 64.11 *k

16 F1 0.25 60.61 *

16 LES 0.25 68.12 *

16 WG PC LES 0.25 145.58 **

16 WG LES 0.25 114.86 rrk *
17 T° 26.40 69.46 *

18 LES 76.38 78.52 o *
22 WG LES 210.73 114.34 *

*5% ** 1% ***0.1%



Conclusion

From an F2 cross of resistant and susceptible ehitikes, 10 chromosome-wide significant
QTLs on 7 chromosomes (ST analysis) and 7 chromessite significant QTLs on 6 (MV
analysis) were detected. Results show that MV aiglyermits to achieve an increase of
statistical power in spite of the higher numberpafameters to be estimated. Use of the
latent variable F1 permitted to detect a signiftc@iL at 159.17 cM on GGA14 whereas no
ST or MV analyses were able to. This could sugge$tetter description of the overall
phenomena when both multivariate methods are Udsd.study is a good starting point for
further gene identification and delineation of urgiag mechanisms and hopefully opening
possibilities for new breeding strategies includingroved resistance to coccidiosis in the
chicken. The next step will consist in detectinggble interacting QTL through epistasis
analysis.
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