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DEVELOPMENT OF AVIAN REPRODUCTIVE BIOTECHNOLOGIES FOR THE MANAGEMENT OF GENETIC
Contact DIVERSITY: CRYOEIRDS

Blesbois E. Govoroun M. Hidas A, Liptoi K, Pain B, Seigneunin F, Patakina-Vartkonyi E: Bama, T

PGS {INEA-PRC 37380 Nouzilly France, 2Institute for Small Animal Research 200 Isaszegi road Godolld 2100 Hungary, 3U346
INSERML SBRI, Avenue du Doven Lépine, Bron, 45YSAAF 37380 Nouzilly, France
Paricipiants
ABSTRACT
Task The development of new tools for the maintenance of genetic vanability in commercial lines and in endangered breeds is
very impottant to improve the adaptation of domestic avian resources to the future challenges of environmental changes
and market evolution. CRYOBIRDS is a French-Hungarian project {2010-2014) that aims to develop a large panel of
Subtask 1.1 complementary and innovative biotechnologies of reproduction to confribute to the improvement of the management of
avian genetic resources. The four goals of the project inchude: 1) improving the actual methods of storage and use of
Task 2 semer, blastodermal and primordial zerm cells; 2) developing new and innovative approaches of use of these cell types
and of gonadal tissues; 3) developing quality tests of the crvopraserved cells and tissues to enlarge their use as germ
Subtask 2 4 cells resources: 4) creating the Hungarian Avian Germeells Cryobank and increasing the collections of the French
’ Cryobank.
The first results of include a considerable improvement of efficiency of guinea fowl semen cryopreservation with a panel
Subtask 2.2 of methods. The development of sperm and blastodermal cells vitrification and of ovarian transfer in endangered chicken
breeds is also promising. Advances in cellular reprograming are also obtained. Developments of new quality tests are in
Subtask 2.2 due course including DA markers, transcriptomic and proteomic approach.
This project shares new advances in reproductive biotechnologies and initiates the creation of an international network
Subtask 2.1 of avian germcells crvobanks.
' KEYWORDS: germinal cells, ovary, sperm, cryopreservation, domestic birds
INTEODUCTION
Subtask 3.2 Recent advances in poultry semen cryopreservation technology have resulted in the emergence of crvobanking, which
is now being developed in an increasing number of countries {see Blackburn, 2006; Woelders et al, 2006; Blesbois et al,
Subtask 2.2 2007, Blesbois 2011).These advances have taken into account ‘the understanding of cryobiology applied to animal cells,
the basic advances on semen biology, and the specific features of bird reproductive physiology, and they have given
Subtask 2.4 rise to methods that must be adapted to each species. Zootechnical adaptations of the use of previously ervopreserved

sperm must also be made for each species, strain and line. However, despite these advances, semen freezing is stifl not
accessible to all species and not efficient in low fertility lines.
Subtask 1.2 The cryopreservation of blasto dennal cells {BCs) or primordial germ cells (PGCs) followed by their re-implantation in
recipient embryos (Nakamura et al., 2010; Mac Donald et al., 2010) or the freezing of ovarian tissues with reimplantation
Subtask 1.2 in host females (Song and Silv erqde 2007) provide very mterecung alternatives to semen freezing. However, these
methods are not vet sufficiently effective a.'ad too costly for large programs of genetic conservation (Petitte, 2004).
Inthese conditions, the general goal of the present project is to develop complementary reproductive biotachnolo gies

i focused on avian germ cells storage. The specific goal of the project includes in a unique strategy the development and
use of the haploid male female gametes and diploid reproductive cells. This is carmied out in 2010-2014 by: I} improving
Task3 the methods of storage and use of semen and embrvonic cells: IT) developing new and innovative approaches turned to
these cell types and also to gonadal tissues: IIT) developing quality tests of the cell and tissue crvopreserved to enlarse
Task 4 the capacity of use of these zetm cells resources.

I- IMPROVING THE METHODS OF STORAGE AND USE OF SEMEN AND EMBREYONIC CELLS
Semen: in this task. methodology of sperm cryopreservation are studied in chicken semen with different imitial quality
m and are also studied in the guinea fowl where the success of the method is very low due to high sperm plasma membrane
rigidity { Blesbois and al., 2003) but the possibility of improvements hizh (Bama, unpublished data). Very significant
) improvements of cryopreservation process have been obtained in the guinea fowl by different combinations of
Username * cryoprotectants freezing rate. They are detailed in two papers of the present congress: “Comparison of two
| | cryopreservation protocols of guinea fowl sperm™ (Varadi E et al,, 2012) and “Improvement of guinea fowl semen
cryopreservation’ (Seigneurin F, Blesbois E, 2012).
Password * In the chicken, the study of different CPAs still shows the superiority of the CPA Glycerlo Glveerol to conserve the
| | viability of chicken sperm of low quality;
! BCs and long term PGCs: In Hungary and in France, the development of freezing methodology and use of these two cell
tvpes are in progress. We showed with BCs that the length of storage of the recipient eggs before the incubation has no
significant effect on the chimera rate. However, the main limiting factor still remains the cell viability before freezing (with

Create new account

Request new password an average of 30% Fig 1) following the cell preparation from the non-incubkated embryos. The crvopreservation weakens
further the BCs viability after thawing.
Long term PGCs cultures are also in due course and are derived either from the embryonic blood of 2 2.5 days old

embryo of from the developing gonads of a 6.5 davs old embrvos. Different media and srowth factors are tested and the
proliferative resulting cells were assessed for the presence of specific germ cell markers such as AP (alkaline
phosphatase) and PAS (Periodic acid Schiff) (Fig2) staining, SSEAT labelling and expression of DAZL DDIL (CVE)
zerm cell specific genes.

II- DEVELOPING INWOVATIVE NEW AFPROACH

In this task, new alternative biotechnologies for the cryopreservation and use of avian reproductive cells are developed.
They include 1) application of vitrification methods to BCs, PGCs and semen: i) reprogramming avian embryonic somatic
cells in germinal cells; it} crvopreservation and transfer of zonadal tissues. We already got significant results on BCs
and Sperm vitrification and also on gonadal transfer.

Vitrification of BCs and Semen: An efficient support for BCs vitrification and new media of vitrification were developed.
Theyv are described in “Preliminary results of vitrification of chicken blastodermal cells with a new type of
cryocontainer” {Pataline-Varkonwvi et al, 2012) of the present congress.

Semen vitrification is also in progress with the development of mix of cryoprotectants and the use of very rapid freezing
rates. The preliminary results show that the same rate of viability post freezing may be obtained with rapid vitrified and
classically frozen-thawed semen in the chicken (30% viability) and a lower rate with vitrified zuinea fowl semen (30%
viability).

Gonadal freezine and transfer: Up to date. this is a veryv promisineg method that would oive the onlv onportunity to
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and Sperm vitrification and also on gonadal transfer.

Vitrification of BCs and Semen: An efficient support for BCs vitrification and new media of vitrification were developed.
They are described in “Preliminary results of vitrification of chicken blastodermal cells with a new type of

cryocontainer’” (Pataline-Varkonyi et al, 2012) of the present congress.

Semen vitrification is also in progress with the development of min of crvoprotectants and the use of very rapid freezing
rates. The preliminary results show that the same rate of viabilitv post freezing mav be obtained with rapid vitrified and
classically frozen-thawed semen in the chicken (30% viabilitv) and a lower rate with vitrified guinea fowl semen (30%
nab]llt},.

Gonadal freezing and transfer: Up to date, this is a very promising method that would give the only opportunity to
preserve the female gamete. Our preliminary results are described in “Preliminary results of the application of zonadal
tissue transfer in the poultry gene conservation in various chicken breeds™ (Liptoi et al, 2012) of the present congress.
They show that the breed of the recipient is a limiting factor for the success of the transfer.

M- DEVELOPING QUALITY TESTS OF CELLS AND TISSUES CRYOPRESERVED

The recovery of the full functionality of the reproductive cells and tissues after storage is an absolute requirement.
Study of this recovery is often very limited today. In this task, we develop criteria that evaluate a full predictive
functionality of the recovered cells. This is dene by evaluating the integrity and functionality of different sub cellular
fractions that include DNA integrity, expression of gene markers and phvsiologic cellular function. Specific markers of
chimerism will be also developed.

DNA integrity: DNA integrity of fresh and frozen blastodermal cells was measured with two different methods. The
EAPD method (Random amplified polymorphic DNA) gives promising results for the future.

Gene expreszion: the methodology to aszess the differential expression of BCs before and after crvopreservation is
developed and is presented in “Tdentification of specific embrvonic matkers of quality of blastodermal cells used for
maintenance of avian genetic diversity” {Govoroun et al., 20 '“ npa.ra]lel genes markers ofplu.npotencv are studied in
“Individual and strain varability of plunpotent} marker zene expressmn at eatly chicken embryonic stage (Sztan et al.,

n-n
=4

Phy <101021calmarl- sin thiz part we evaluate pertinent markers of different cellular phyvsiologic functions altered by
cryopreservation. They include markers that will be used on the different tvpes of cells studied, such as peptide markers,
and markers more specific of each cell type such acrosomic reaction for sperm. The results presented in “Biomatkers of
chicken sperm quality displayed by intact cells MALDI-TOF mass spectrometry” {Labas et al, 2012) show the
methodalogy developed to show differential peptide expression of cells of different quality. The study daveloped on
semen shows amean of 80 peptides markers differentially expressed between fresh and frozen-thawed spemm.

MMore specific markers are also developed. Among them, acrosome reaction has been shown to be severely altersd by

semen freezing and differences have been obtained depending on the cryoprotectant employed (Mocé et al, 20 ).

CONCLUSION

The project CRYOBIRS is a bi-national project involving France and Hungary. It shares new advances in the
reproductive otechnologies that may be used for the management of zenetic diversity in domestic birds, New
advances in technologies that already exist are proposed such as new methods of Guinea fowl semen freezing. New
developments are also made in risky solutions such as BCs, PGCs and zonadal transfer to host animals. A large panel of
quality evaluations of the reproductive cells is also developed. These evaluations involve research without a priori of
specific matker through proteomic approach but also research with candidate markers issued from transcriptomic studies
or functional observations.

The future action will consider an amplification of the studies of the biotechnologies and quality developments
presentad here.

They will also check the feasibility of collecting and freezing biological material at a rather large scale with the new
methods set up in the previous task
And finally the construction of the Hungarian bird reproductive crvobank will be built and the French avian
reproductive cryobank enriched by the constitution of new collections. This project initiates also the creation of an
international network of avian germce]ls cryobanks.
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Abstract

This study compares laying performances between two environments of dwarf laying hen lines
segregating for the naked neck mutation (NA locus), a selected dwarf line of brown-egg layers and
its control line. Layers with one of the three genotypes at the NA locus were produced from ||
sires from the control line and 12 sires from the selected line. Two hatches produced 216 adult
hens in Talwan and 297 hens in France. Genetic parameters for laying traits were estimated in each
environment and the ranking of sire breeding values was compared between environments. Laying
performance was lower, and mortality was higher in Taiwan than in France. The line by
environment interaction was highly significant for body weight at 16 weeks, clutch length and egg
number, with or without Box-Cox transformation. The selected line was more sensitive to
environmental change but in Taiwan it could maintain a higher egg number than the control line.
Estimated heritability values in the selected line were higher in France than in Taiwan, but not for
all the traits in the control line. The rank correlations between sire breeding values were low within
the selected line and slightly higher in the control line. A few sire families showed a good ranking
in both environments, suggesting that some families may adapt better to environmental change.

Introduction

In poultry selection programmes, birds are generally
raised in a uniform environment to record the selected
traits and evaluate genetic values. Thus, most commercial
populations are obtained from breeding farms with a con-
trolled environment and are delivered to production
farms with variable environments across the world, As a
consequence, genotype x environment {GxE) interactions
may occur. Under subtropical environments, growth rate

as well as egg production are generally depressed by high
ambient ternperature [1,2]. Introduction of some major
genes, such as the naked neck {NA) gene, in chicken lines
can be used to alleviate heat stress, as discussed in several
studies carried out at high ambient temperatures [1,3-5].
Heat tolerance of laying hens is an important issue for the
impact of G x E on egg production because the productive
period is long and the impact of heat stress increases with
the hens' age [6].

Page 1 of 11

(page number not for citation purposes)



User
打字機文字
附錄五

User
打字機文字

User
打字機文字


Genetics Selection Evolution 2009, 41:13

°C 38

hitp:/Awww.gsejournal.org/content/41/1/13

— T

3% I L. _MnER

32
30
28
26
24
22
20
18
16 |, o
14 |

,

S
12 |OctNov ~Dev Jan Feb Mar
Dec@an . FebI Mar Apr May

1 ! 1 ! !

10

Max. TW
— — Max. FR

Apr May Jun Jui FR
Juq Jul Aug ‘ S|ep ‘ T™W

I ! L

!

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

Week of age

Figure |

The average maximum and minimum ambient temperature by two weeks in Taiwan (TW) and during the lay-
ing period in France (FR). (average temperature, 22 + 1°C, during the rearing pericd in France).

normalize trait distribution [13,9]. The parameters (1)
were found to be -0.214, and 1.40 for the transformed
value of average clutch length (TCL) and for transformed
value of total egg number (TEN), respectively.

Statistical analysis
The linear model used for the ANOVA of those traits was
as follows:

YiilCI:ﬂ + Ei+ Ij'l' Gk+ (E x L)ii+ (EXG)ik+ (Lx G)jk+ (E x
L x Gipe+ €y

where Yy, = individual observation, x# = overall mean, E; =
fixed effect of environment, i= 1 to 2, L; = fixed effect of
line, j = 1 to 2, Gy = fixed effect of the naked neck geno-
type, k=110 3, (E x L x G)jy, = fixed effect of the third
order interaction between all fixed effects, (E x L); = fixed
effect of environment-by-line interaction, {E x G);;, = fixed
effect of genotype-by-environment interaction, (L x G} =
fixed effect of line-by-genotype interaction, and ey, = ran-
dom error. All analyses were carried with the GLM proce-
dure of the SAS® program library [14]. Means were
considered significantly different at P < 0.05.

Genetic analysis

Variance and covariance components were estimated
using the Restricted Maximum Likelihood {REML) proce-
dure with the VCE package of Groeneveld [15]. The fol-
lowing animal model was applied to all traits on the
whole data set:

Y,-j=y+ G,.+aj+e,}-

where Yj; = individual observation for traits, # = overall

mean, G; = fixed effect of genotype at the NA locus, 4; =
random animal effect and ¢; = random error. Expectation
and variance of the vector of performance, y, were distrib-

uted as follows, in matrix notation:

¥ XB .
Eial|=| O and V[ }:
[
e 0
where y = observed performance, a = individual additive
genetic value, e = residual, # = vector of genotype fixed
effect, X = incidence matrix of vector f A = numerator
relationship matrix; and G = variance-covariance matrix

ARG O

k
0 @ Rj
j=1
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for the additive genetic effect; k = the number of records,
and Rj = residual variance-covariance matrix for animal j.
The direct product and direct sum of matrices are indi-
cated by & and @, respectively.

In order to estimate the genetic correlation between per-
formance measured in the two environments, traits meas-
ured in France (F) and Taiwan (T) were treated as distinct
BW16; and BW16, the subscript indicating the environ-
ment, Because a significant environment-by-line interac-
tion was observed for most of the traits, multi-trait
analyses were performed separately for each line. It was
not possible to analyse all the traits together because of
large computing requirements. Therefore eight analyses
with four traits each were implemented in the present
study. For instance, concerning body weight traits, one
four-trait analysis (BW16g, BW16;, ABWg, ABW) was per-
formed in each line.

Sire breeding values were evaluated in each environment
for each trait by best linear unbiased prediction (BLUP)
using a mixed linear model with the PEST package [16],
with the same model described above. A Spearman corre-
lation analysis was used to compare the sire breeding val-
ues obtained either in France or in Taiwan.

Results

Total mortality in Taiwan was 22.8% and 23.6% for con-
trol and selected lines, respectively, whereas it was below
5% in France. There was no occurrence of epidemic infec-
tious disease in either country. In Taiwan, a hot foehn
wind caused a rise in temperature up to 40.3°C during 7
h on July 1%t On that day, mortalities were 6.2%, 13.6%
and 5.5% for NA*N/NA*N, NA*NA/NA*N and NA*NA/
NA*NA genotypes, respectively. During that week, cumu-
lative mortalities were 7.8%, 14.6% and 9.4% for each of
the three genotypes, respectively. Finally, the experiment
included 297 hens in France and 216 hens in Taiwan. The
propoition of hens carrying the homozygous NA*NA/

hitp:/Avww._gsejournal.org/content/4 1/1/13

NA*NA genotype was slightly lower in Taiwan (20-229%)
as compared to France (25%).

Effects of environment, line, genotype and interactions
The third order interaction between main effects was
never significant, although it was at the limit of signifi-
cance for egg weight (P < 0.10). There were no significant
interactions between the naked neck genotype and either
the line or the environment (Table 1).

The line by environment interaction was highly signifi-
cant for BW16, clutch length and egg number, with or
without Box-Cox transformation (Table 1). Body weight
differed between lines in Taiwan to a larger extent than in
France: the decrease in body weight observed in Taiwan as
compared to France was stronger for the selected line.
Clutch length and egg number were smaller in Taiwan and
to a larger extent for the selected line i.e. the decrease in
average clutch length, the selected trait, was 26.6% (3.19
vs. 2.34) and 59.4% (13.89 vs. 5.64) in the control and
the selected lines, respectively. However, performance of
the selected line still remained much higher than that of
the control line in both environments.

The naked neck genotype had a significant effect on body
weight at 16 weeks (BW16), age at first egg (AFE) and egg
weight (EW) (Table 1). Homozygous naked neck hens
had a lower BW16 and a higher AFE, except in the control
line in France. They also exhibited a larger EW, but the dif-
ference was significant only for the control line in France,
and for the selected line in Taiwan (Tables 2 and 3). Thus,
the NA gene limited the negative impact of the change in
environment on egg weight in the selected line.

All traits were significanty influenced by environment
and line. For all traits, the performance measured in
France was better than the performance obtained in Tai-
wan, In France, the mean values for CL, EN and LR were
respectively 3.19 {untransformed), 120 (untransformed),

Table I: Results of the analysis of variance for the performance of laying hens according to environment (France or Taiwan) to
selection background (selected line or control line) and to the naked neck genotype (homozygous normal, heterozygous or

homezygous for the naked neck mutation)

Traits Environment (E) Line (L) Genotype (G) ExL GxXE GxL GxExL
Body weight at 16 weeks ok * ok

Age at first egg ek *

Clutch length ek ok

Clutch length (Trans.) ** ok

Egg number at 44 weeks e *

Egg number at 44 weeks (Trans.) Hhk i

Laying rate i

Adult body weight ok

Egz weight i * +

Significant at +, P < 0.1; %, P < 0.05; *, P < 0.01; ¥ P < 0,00]
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Table 2: Performances of egg production in France

http:/iwww.gsejournai.org/content/41/1/13

Control line

Selection line

Traits NA*NINA*NT  NA*NAINA*N  NA*NAINA*NA  NA®NINA*N  NA*NAINA*N  NA*NAINA*NA
{Number of birds) (20) (56) @3n (43) (93) (44)

Body weight at 16 weeks, g [420 + 372 1435 + 16 1443 + 33 1457 £2] 2 1441 + 182 1371 £18%
Age at first egg, day 139.5 £ 4.0 1355 + 1.2 1394+ 1.7 1301 £ 1.2 1338+ 2.1 132812
Clutch length, egg 293 £0.24 3.32+0.18 3.11+£020 1335 1.76 13.67 + 0.86 1193 £0.92
Clutch length (Trans.) 6.69 £ 0.50 7.38+ 029 7.04 £ 040 1401 £ 0.32 13.96 + 0.30 13.62 £ 036
Egg number at 44 weeks 1.5 +8.1 123039 120,1 £ 5.0 1674 1.6 163.6 £ 2.8 I157.8 £ 4.1
Egg number at 44 weeks (Trans.} 8l4+71 920 3.6 8891 4.8 1395+ 1.9 1362 +2.7 1295 2 4.1
Laying rate, % 63.0+44 68.9 + 2.1 68.8+27 910+ 08 903 £ 1.2 870 2.1
Adule body weight, g 2156 £ 71 2141 £39 218] £ 67 2071 £272 2004 + 26 2b 1924 £ 36 b
Egg weight, g 498xl.1b 5181042 5244082 51.0+06 512205 503 + 0.5

I NA*NINA*N: normally feathered; NATNAINA®N: heterozygous naked neck; NAY¥NA/NA*NA: hamozygous naked neck

2The values are mean * standard error

bDjfferent superscripts indicate significant difference within line at a given environment

and 66.9 in the control line and 13.17 (untransformed),
163 (untransformed), and 89.4 in the selected line, In Tai-
wan, the average dutch length was 2.34 and 5.64
(untransformed values) for the control and selected lines,
respectively. After normalization by Box-Cox transforma-
tion, the relative decrease of average clutch length in Tai-
wan was similar for both lines and dlose to -30% except
for the normaliy feathered hens in the control line, but, in
absolute values, the decrease was larger in the higher per-
forming line After normalization, the total egg number in
Talwan as compared to France was even more reduced (by
about 40%) as a result of the increase in age at first egg
observed in Taiwan (by about 15%). Laying rate was
reduced by 20% in Taiwan in both lines.

Comparison of the laying curves obtained in France and
Taiwan (Figures 2 and 3) showed differences due to a
delayed onset of lay, a lower peak of egg production with

Table 3: Performances of egg production in Taiwan

a slightly better persistency of lay until the age of 44
weeks. There was a three-week delay of the onset of lay for
both lines in Taiwan and, in the selected line, the
homozygous NA*NA/NA*NA genotype reached the peak
of egg production later, but this was not significant in the
control line,

Feed consumption was measured between 31 and 34
weeks of age in Taiwan only. There were no significant dif-
ferences between lines (2163 vs 2267 for control line vs
selection line}, or among genotypes (2171, 2281, 2219
for NA*N/NA*N, NA*NA/NA*N, NA*NA/NA*NA geno-
types).

Genetic parameters

Estimates of heritability and genetic comelations between
traits measured in the two environments are shown in
Table 4 for each line. Heritability values estimated for the

Control line

Selection line

Traits NA*NINA*N!  NA*NAINA*N  NA*NAINA*NA  NA*NINA*N  NA*NAINA*N  NA*NAINA*NA

{Number of birds) (25) (36) (16) (49 (59) '€1))
Body weight at 16 weeks, g 1360 + 3822 1295 £ 32 ab 1261 £2ib 1213 £232 I213 £ 192 1143 £ 240
Age at first egg, day 1576262 160.7 £ 2.8 (674 £3.1t 153.4+ 2.0 1522+ 1.4 1574 £2.6
Clutch length, egg 260 £0.17 227 £ 0.1 209+ 0.15 553 + 040 6.50 £0.52 5.46 + 0.62
Clutch [ength (Trans.) 6.11 035 530028 48] £ 044 9.85 £ 0.39 10.34 + 0.42 9.68 £ 051
Egg number at 44 weeks 80852 768+ 4.1 767 49 1124 + 3.7 110.9 £ 4.1 1074 £3.5
Ege number at 44 weeks (Trans.) 51.7+43 482 £ 3.4 475+ 4.1 8l.1 £ 34 803 +37 755+ 3.4
Laying rate, % 53.7%33 523+26 54.4 % 3.1 726121 710425 714£22
Adule body weight, g 1720 £ 42 1748 £ 41 1677 £ 36 i587 + 28 1585 & 25 1551 + 37
Egg weight, g 483105 49.5+ 07 496109 46,6+ 0410 47.2£05¢b 493+ 067
I NA*NINA*N: normally feathered; NA*NA/NA*N: heterozygous naked neck; NA¥NA/NA*NA: homozygous nzked neck
2The values are mean t standard error
& bDifferent superscripts indicate significant differences within lines at a given enviranment
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Figure 2

Hen-day laying rate by two weeks for three genotypes of the control line in France and Taiwan,

selected line were generally higher for traits measured in
France and the difference was noticeable for body weight,
egg number, laying rate and egg weight. Heritability val-
ues obtained in Taiwan for the selected line were very low
for egg number and laying rate. Since in most cases, the
estimated heritability values exhibited larger asymptotic
ermors for the control line than for the selected line
(because of a limited mumber of animals), the differences
in estimates between the two environments were not as
remarkable. However, in some cases high values were
obtained i.e. for normalized clutch length, which showed
a higher estimated heritability in Taiwan (0.91) than in
France (0.57).

Genetic correlations between traits measured in the two
environments for the selected line were high and not dif-
ferent from 1 for body weight and egg weight (from 0.82
to 0.96); values were lower and much less accurate for egg
laying traits, so that it may be suggested that most of these
correlations were null; only age at first egg exhibited a rea-
sonably low asymptotic error, supporting the hypothesis
that the correlation did not differ from zero. A different
picture was observed for the control line: the highest cor-
relation was observed for clutch length in both environ-
ments and was very close to 1, whereas cotrelations

obtained for egg number, laying rate and body weight
ranged from 0.34 to 0.48. Actually, correlations for body
weight, egg weight and age at first egg were rather lower
than in the selected line and exhibited the largest standard
errors of all estimates for the control line, suggesting that
they may not differ from zero.

The Spearman rank correlations of sire breeding values
estimated between the two environments are listed in
Table 5 together with their probability values. Most of
these correlations were not significant but some differ-
ences between lines may be pointed out. Cormrelations for
egg production traits (clutch length, egg number) were
moderate to high in the control line (0.72 to 0.88) and
differed significantly from zero, whereas they did not dif-
fer from zero in the selected line. On the opposite, corre-
lations for body weight and egg weight were higher in the
selected line (0.48 to 0.70) than in the control line; the
correlation was significant for egg weight in the selected
line but not in the control line. The correlation for age at
first egg was low and non significant in both lines.
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Figure 3

Hen-day laying rate by two weeks for three genotypes of selected lines in France and Tziwan.

Discussion

Effects of environment, line, genotype and interaction
The effect of environment was quite large. The perform-
ances of all traits were lower in Taiwan and mortality was
very high for both lines. Since there was no outbreak of
infectious disease, this high level of mortality is rather dif-
ficult to explain. It may be due to the cumulated effect of

several environmental and husbandry factors differing
between France and Taiwan, which affected lines to a sim-
ilar extent. For instance, these lines are never debeaked in
France. To our knowledge, it has never been reported that
debeaking has an effect on feed intake and behaviour in
dwarf brown-egg layers. Since hens were housed in indi-

Table 4: Estimated heritability for each trait measured in each environment and genetic correlations considering the records of a
given performance in both environments (France-Taiwan) as different traits within each line

Traits h%in France

h?in Taiwan

Genetic correlation between traits defined for
each measurement in each environment

Control line Selection line Control line Selection line

Control line Selection line

Body weight at 16 0.51 + 0.16! 0.85+ 0.15 0.64 £ 0.16 0.46 £ 0.12 0.44 + 0.25 082+ 0.13
weeks
Age at first egg 0.17 x Q.11 0492011 031 +£0.14 042012 -0.45 £ 0.38 0162016
Clutch length {trans.) 057 £ 0.11 0.20 £ 0.08 091 £0.13 0.12 £ 0.07 0.98 + 0.06 0.49 £ 045
Egg number at 44 049 + 0.17 032012 037 +0.18 0.01 £ 0.03 0.48 + 0.09 0.10 £ 148
weeks (trans.)
Laying rate 050+ 0.18 027+ 0.10 035+0.16 0.07 £ 0.06 0.23 + 0.09 0.4+ 0.58
Adult body weight 052014 0.69 + 0.14 0.38+0,17 034013 0.34 + 0.25 0.96 £ 0.05
Egg weight 0.39 + 0.09 0.60 £ 0.i0 0.18 £ 0.0% 0.38x0.10 0.42 +£0.35 0.86 £+ 0.13
I asymptotic standard error
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Table 5: Spearman correlation coefficients between sire breeding values estimated in both environments

Traits

Control line
(sire number = 9)

Selected line
(sire number = [2)

Body weight at 16 weeks 0.45, P =0224 0.50, P=0.101
Age at first egg -0.20, P = 0.606 0.07, P=0.829
Clutch length (Trans.) 0.88, P =0.002 0.23, P= 0471
Egg number at 44 weeks (Trans.) 0.72, F = 0.030 -0.21,P=0.513
Laying rate 057, P=0.112 -0.01, P = 0,966
Adult body weight 0.12, P= 0765 0.48,P=0.112
Egg weight 0.47, P = 0205 0.70, P = 0,01 |

vidual cages, debeaking was not expected to influence per-
formance greatly.

A significant interaction between environments and lines
was found for laying traits, which indicated that the
selected line was more sensitive to environmental changes
than the contrel line for production level, Thus, perform-
ance level influenced the adaptation of laying hens. How-
ever, it should be noted that, in Taiwan, the selected line
maintained a higher performance for laying rate than the
control line, Among the main differences between the two
environments, ambient temperature, lighting regimen
and diet composition are discussed in more detail below.

Corncerning ambient temperature, a favourable effect on
hens' adaptation was expected with the naked neck gene,
Indeed, at a constant ambient temperature of 32°C, the
NA gene has been shown to limit the negative effect of
long-term heat stress on egg production and feed effi-
ciency traits {3), because of its effect on sensible heat loss,
which is increased due to lower feather cover [12,17]. In
the present study, the average daily minimum and maxi-
mum temperatures ranged between 24.1°C to 32.4°C
during the laying period. However, there was no signifi-
cant effect of the naked neck genotype on laying traits and
no interaction between naked neck genotype and environ-
ment. This suggests that the naturally cyding temperature
was not so stressful for laying hens. In broilers, chickens
exposed to temperature cycling over a wide range of 24°C
- 35°C, exhibit a similar growth rate to that recorded in
birds exposed to a constant temperature [18].

Furthermore, the NA gene was not expected to influence
adaptation to other husbandiy factors than temperature,
such as lighting or feed composition. Indeed, since all
these factors differed between France and Taiwan, the
resulting effect of the NA gene could not be identical to
the effect observed when only the temperature factor was
changed. This study suggests that ambient temperature is
not the main driving factor of adaptation of layers to sub-
tropical environments in experimental conditions.

" Concerning lighting regimen, it has been shown to play a

very important role in the onset of sexual maturity. A con-
stant or decreasing amount of daily light will delay sexual
maturity in growing birds. Indeed, in the present study,
the amount of daily light in Taiwan decreased during the
rearing period, which probably explains the three-week
delay for the onset of lay observed in both lines. The con-
trol line exhibited the highest values for onset of lay, as
previously reported {10]. The delay appeared to be longer
for the naked neck hens in both lines, which may also be
due to the lower body weight observed with this genotype
in Taiwan and in France for the selected line only. Chen
and Tixier-Boichard [10] have already observed this effect
of the naked neck gene on sexual maturity for the same
dwarf lines,

Concerning feed composition, the higher protein percent-
age used in Taiwan is expected to have a positive effect on
egg weight [19], but this is not what we observed. Since
egg weight is generally strongly correlated to body weight,
the negative effect of the subtropical environment on
body weight is probably the main explanation for the
lower egg weight observed in Taiwan.

Genetic parameters

Changes in environment affected genetic parameters to a
larger extent in the selected line than in the control line.
In the selected line, the estimated heritabilities exhibited
higher values for performance recorded in France than in
Taiwan, which could be explained by the large environ-
mental variability in Taiwan. Coefficients of variation for
clutch length, egg number and laying rate were much
larger in Taiwan than in France for the selected line except
for the homozygous naked neck hens; the same trend was
observed, with a lower magnitude, in the control line
(Table 6). Coefficients of variation were generally smaller
and remained more stable between environments for
body weight, egg weight and sexual maturity in both lines
(Table 6). The heritability values for AFE (0.49), TEN
(0.32) and LR (0.27) obtained for the selected line in
France were close to estimates previously published for
the same population [10]. For the selected trait TCL and
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Table 6: Coefficients of variation for traits measured in France and Taiwan, for each line and each genotype at the naked neck locus

Control line Selection line

Traits NA*NINA*N!  NA*NAINA*N NA*NA! NAXNINA*N  NA*NAINA*N NA*NA/

NA*NA NA®NA

France Taiwan France Taiwan France Taiwan France Taziwan France Taiwan France Taiwan

Body weight at 16 weeks 1.7 14.1 8.19 14.9 12.8 6.74 9.48 13.3 12.0 12.1 8.94 1.5
Age at first egg 12.8 8.1 6.4 10.5 6.8 7.33 59 9.3 15.4 7.34 58 9.02
Clutch length (Trans.) 33.2 288 29.6 322 307 36.9 14.7 28.2 20.7 3L9 17.7 29.1
Egg number at 44 weeks (Trans.) 39.( 41.8 28.9 42.2 30.0 344 8.92 29.5 18.9 36.4 211 252
Laying rate 314 308 23.1 30.3 22.1 227 54 20.0 12.3 27.2 16,4 16,9
Adult body weight 14.7 11.5 13.6 137 17.2 85| 839 12.5 12.6 1.9 12.5 13.4
Egg weight 9.79 53 8.7 8.82 8.64 7.39 7.45 6.66 8.79 810 644 6,84

The largest relative changes between environments are indicated in bold characters.
I NANINA*N: normally feathered; NA¥NAI/NA*N: heterczygous naked neck; NA*NA/NA*NA; homozygous naked neck

traits strongly correlated with it (egg number and laying
rate}, heritability values were higher in the control line,
whatever the environment, which is consistent with the
decrease in genetic variance due to past selection. This
suggests that selection to improve laying performance in
Taiwan may be difficult in the selected line.

Estimating genetic correlations between traits measured
in two environments is one approach to reveal within-line
genotype x environment (G x E) interactions [20]. Corre-
lations significantly lower than 1 indicate the occurrence
of GxE interactions. Our results indicate that G x E inter-
actions are more important for laying traits than for body
weight and egg weight in the selected line but absent for
clutch length in the control line. This is consistent with

Table 7: Sire breeding values in the selected line, for traits measured in both environments, data are sorted according to the breeding
value for clutch length (transformed for normalization) estimated from performance recorded in France

Sire ID Cluteh length (Trans.) Egg number at 44 weeks (Trans.) Laying rate Adult body weight Egg weight
France Taiwan France Taiwan France  Taiwan  France Taiwan  France Taiwan
23 13375 -0.6509 9.774 -0.3085 4.26 -L137 9114 -2.08 2.8653 0.2951
19 1.1622 04122 5.462 0.4112 4,242 1.4648  -95.65 65.05 0.9138  -0,0335
16 0.4291 0.6636 1.453 0.4402 2.64 2.681 -183.05  -Bé.1 -0.5016 0.2148
2t 0.4168 -0.6866 9.636 -0.4325 2453 -24114 2882 -57.71 1.269 0.5487
12 0.3184 0.6349 -17.522 0.258 -2.653 20701 244.85 72.69 5.6541 28713
7 02211 0.1083 8.155 0.3474 2263 0.2681 -69.44 -16.66 54449 24796
18 -0.025 0.3935 7.5 0.2238 1.128 03332 924 38.79 0.0707 -0.7562
15 -0.i27 -0.3903 -4.79 -0.2068 -0.565 0.9742 -222.19 -5.06 -2.2545 1.3863
22 -0.2054 0.121 5.66%9 -0.3079 }.886 -2.2254 283 -96.1 -2.3982  -3.7489
13 -1.0237 0.4648 -0.058 0.210% -1.338 1.1587 143.12 75.12 26192 -0.8452
14 -1.1715 0.0366 -22.879 0.2269 -13.281  0.1669 103.45 -21.82  3.8258 1.5172
20 -1.3385 -[.1083 2386 -0.8631 -1.053 -3.3693 454 37.88 -1.3587 0144
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the fact that the highest performing line was more suscep-
tible to environmental change. Concerning age at first egg,
very low correlations were observed in both lines, which
were similarly affected by the difference in lighting regi-
men.

Rank correlations between sire breeding values, calculated
for 9 and 12 sires from control and selected lines respec-
tively show no correlation for egg production traits in the
selected line, and positive but moderate correlations for
body weight and egg weight. The situation is almost oppo-
site in the control line, with a significantly positive corre-
lation for egg production traits and low to moderate
comelations for body weight and egg weight. Similarly,
rank correlation results confirm genetic correlations
results, This emphasizes the high impact of GxE interac-
tion on the within-line selection process that should not
be ignored in a breeding program. Within the selected
line, a few sires (sire 19 and 16) showed a good ranking in
both environments for the selected trait, clutch length
{Table 7) suggesting that it may be possible to identify
some families with a better adaptation capacity to envi-
ronmental changes.

Conclusion

Breeders regularly mention the importance of GxE interac-
tions within commercial lines, but data obtained for sim-
ilar families in contrasted environments, as shown here,
are generally not published. Use of a control line, derived
from the same base population as the selected line, clearly
shows that the sensitivity to a new environment, particu-
larly subtropical climate, is increased by past selection.
This greater sensitivity is associated with a decrease in her-
itability of selected traits. Regular testing of a given line
across various environments, and integrating such data in
the evaluation programme could monitor this impact.
Considering the current predictions on future climate
changes, this result shows that the components of adapta-
tion to real subtropical conditions need to be better iden-
tified in order to anticipate the negative consequences on
the climate change. Indeed, the heat tolerance described
for naked neck layers in experimental conditions was not
found to particularly improve adaptation to the naked
neck layers in Taiwan. Identification of a few sire families
capable of achieving a good performance in both environ-
ments, temperate and subtropical, suggests that selection
for improved adaptation capacity may be feasible. How-
ever, a large genetic base will be necessary to identify a suf-
ficiently large number of sires to start a selection
programme. Other differences between seiected lines, not
included in the present study, may also have an influence
and should be investigated in the future.
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At INRA, a selection experiment was undertaken to
improve egg production of brown-egg layers by increasing
clutch lengih, in the presence of two major genes known
to improve heat tolerance, the naked neck gene [7] and
the sex-linked dwarf gene [8]. After 16 generations, signif-
icant genetic progress on egg production was observed in
two dwarf lines, one carrying the NA gene and one not car-
rying it [9-11]. The reduction of feather mass due to the
NA gene is lower in heterozygous birds than in
homozygous birds, i.e. 27% and 22% respectively for het-
erozygous females and males, and 41% and 33% respec-
tively for homozygous females and males [12]. Heat
tolerance is significantly improved by the presence of the
NA gene and significant genotype by temperature interac-
tions were observed for egg production, egg mass and feed
intake under a 32°C constant temperature environment,
which represents a severe temperature stress [3]. The pur-
pose of this paper was to study the laying performance in
real subtropical conditions of the genotypes obtained
from the selection experiment on clutch length, in com-
parison to the performance in the selection environment.
In order to investigate adaptation of hens, genetic param-
eters for laying traits were estimated in each environment
and the ranking of sire breeding values was compared
between environments,

Methods

Genetic background

Two lines of dwarf brown-egg layers established from a
common base population in 1985 have been selected on
average clutch length for 16 generations. The selection
procedure has been described by Chen and Tixier-Boi-
chard [9]. One line (L1) was normally feathered and the
other (L2} was homozygous for the NA*NA mutation; a
control line segregating for the NA*NA mutation was also
maintained. In 2001, both selected lines were crossed to
produce a new line segregating for the NA*NA mutation,
which was maintained with a mild selection pressure on
average clutch length. In 2003, 11 males and 44 females
from the control line, and 12 males and 48 females from
the newly formed selected line, were used to generate indji-
viduals with the three possible genotypes at the NA locus
i.e. normally feathered (NA*N/NA*N), heterozygous car-
riers of the naked neck mutation {NA*NA/NA*N) or
homozygous carmiers (NA*NA/NA*NA). Chicks were
obtained in two hatches at a three-week interval for rear-
ing in Taiwan and France, respectively.

Husbandry

Taiwan

On November 28, 2003, one-day-old chicks were
imported to Taiwan. After a 10-day quarantine, they were
transferred to the experimental farm of the National
Chung-Hsing University. All the chicks were debeaked
and reared in floor pens up to 16 weeks, Chicks were vac-
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cinated against the following diseases Marek's disease,
fowl pox, Newcastle disease, infectious bronchitis, infec-
tious bursal disease, respiratory enteritic orphan, infec-
tious laryngo-tracheitis, infectious coryza, avian
encephalomyelitis and egg drop syndrome. At 17 weeks of
age, pullets were housed in individual cages in open
house, supplied with ground water and reared in natural
daylight. The length of daylight increased gradually from
10.5 to 12 h between ages 4 and 16 weeks and then from
17 weeks of age till the end of the test, a fixed light regi-
men 14L:10D was applied. This lighting regimen had
been used throughout the selection experiment in France
and was taken as the reference lighting regimen for the
laying period. Water and food were supplied ad libitum,
layer mash contained 18.0% CP and 11.5 MJ ME/kg and
temperature and relative humidity were monitored con-
tinuously. Figure 1 shows the curve of daily maximum
and minimum temperatures in the chicken house.

France

On September 18, 2003, fuil-sibs were reared in the exper-
imental farm of INRA, Tours. All chicks were reared in
floor pens up to 16 weeks. Chicks were vaccinated against
the following diseases: Marek's disease, infectious bron-
chitis, Gumboro, Newcastle disease and avian encephalo-
myelitis. At 17 weeks of age, pullets were housed in
individual cages in a windowless house with light regi-
mens fixed as 10L:14D and 14L:10D in growth and laying
periods, respectively. This lighting regimen had been used
since several years for experimental lines in France and
was taken as the reference lighting regimen for the laying
period. Water and food were supplied ad libitum. Monthly
averages of maximal and minimal temperatures were 25
1°Cand 21 z 1°C, respectively {February to July/18 to 44
weeks of age). Relative humidity ranged from 60 to 80%.
Layer mash contained 16.4% CI’ and 11.2 M] ME/kg.

Variables under study

The egg number (EN) was recorded from the age at first
egg (AFE) to 44 weeks of age. For each hen, the laying rate
(LR) was obtained from the ratio of egg number (whatever
the egg statuis) to the number of days since the first egg. A
break of one day at least between ovipositions was taken
as the end of a dutch. The average clutch length (CL) was
calculated as the arithmetic mean of all clutches recorded,
from the first egg until 44 weeks of age. In addition, egg
weight (EW) was obtained at 34 weeks of age (36 weeks in
France), by collecting two eggs per hen laid on consecutive
days within a week. The body weights were measured at
the entry in the poultty house (BW16) and at adult age
(ABW) i.e. 34 weeks in Taiwan, and 40 weeks in France.

In order to satisfy the classical hypothesis for describing
traits with polygenic inheritance via a linear model with
normal error, Box-Cox power transformation was used to
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