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Detection of quantitative trait loci affecting fertility trait in dairy cattle
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gni Wiz ”LmﬁvﬁﬁﬁuﬁltﬁmluﬂixmﬂimLL@zﬁnmm%ﬂH@?{mm: NUNAITIT QTL AeuluNITAAes
b1l daughter design (half-sib analysis) Inemea avalulniluaa microsatellite markers 471431 42 markers ?ﬁlqmﬂmqu
7 TasTulan Tuneiuganuiu 5 Asaumin uavilgn ViR 457 fia GL%%ﬁngamﬂﬁN@Nam (yield deviation,
YD) uar AINITH WG (EBV) Tunnsiiasiziivnn QTL Taemsaa auvn 1 cM mfﬂuﬁmmﬁﬂmumqunn marker
NN17U92H108A1 chromosome-wise significance thresholds ﬁizﬁu 5 U4y 1 % paena permutation Q71491 10,000
381 WANNIANEASSHNY linkaged QTL ﬁﬁ%waﬁv\lﬂﬁiﬂ@’]ﬂLﬁ’aﬂ@'ﬂm@]ﬂﬁﬂmﬂLL@X‘ﬂl’)\‘ivi”]\iﬂ’]ﬂﬁ@ﬂﬂ’ﬂﬂ:uuiﬂﬂmt"ﬁm
WPy uu‘lﬁm‘lﬁm‘[w@ﬁ 4 (B¢]511919 markerBMS827 uaz BMS789), Tm‘iu‘l}nwﬁ 7 (B)3¥1919 markerBMB117 LAY
OARAE129) LL@zIﬂ?TNISHN@:ﬁ 23 (g)7¥1979 markerBM1818 uaz DIK4203) uanannildeny QTL Aiavisnase AFC
esdneniziAtaulastlaugi 2 (nAFu markerBL1028) uazlnsTulang# 6 (IN&TU markerBMS2508, DIK2294,
ILSTS035) uAztAtaya EBV HAdNNIMNNE AT A mFunsaezd QTL fifluasiepnna Ny Tdiug Ty
dszanslaungne waeslszmelng

A1 "IATY: Quantitative Trait Loci, TAUN, AN w1Jandig

Abstract: The objective of this study aimed to investigate the locations of QTL affecting age at first calving and
calving interval in Thai crossbred Holsteins by daughter design. Five sire families with total of 457 daughters were
genotyped for fourty two microsatellite markers with coverage of 7 bovine autosomes. Both of the yield deviations
and the estimated breeding values were used. The putative QTL were scanned every 1 cM within the region covered
by all markers. Ten thousand permutations were used to estimate the 5, and 1% chromosome-wise significance
thresholds. The putative QTL affecting AFC and CI were most found linkaged on the same chromosome, which were
chromosome 4 (between BMS827-BMS789), chromosome 7 (BM6117-OARAE129), and chromosome 23 (between
BM1818-DIK4203). However, the QTL affected AFC alone were also found on chromosome 2 (near BL1028), and
chromosome 6 (near BMS2508, near DIK2294, and near ILSTS035). EBV was the most suitable data set analyzed
for QTL affecting fertility traits in Thai crossbred.
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athausiugnuas sy nEAnE (Dekkers, 2004)
AaaAauLinAIdudulunIsFadanandas
AINAABUANENANYINNTANHNTNBNE WAL QTL
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Kuhn et al., 2003; Ashwell et al., 2004; Holmberg and
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ﬁ‘ﬂgaaiu‘lwﬂ (Genotypic Data)

¥N13 iR DNA a1nuisieutuderaaneiug
LAZIADATDIGN 19TUNA NansA aualuln
ARY microsatellite markers Uu‘Em‘Estnwﬁ 2,4, 6,
7,18, 23, WAY 27 $neid PCR IaaiAALAaBN marker
an7A71e911411 Meat Animal Research Center Map
(MARC) (http://www.marc.usda.gov) Weann1TAm
k2 . . v v
ARYAURY uninformative marker w&alé marker
TINIY NAIUIU 42 markers TIATAUAYN
7 Taslnlay Hednaszaizvinaaaswfay marker Winfu
8 cM H3eazidenuea marker st A9l311 Table 1

dayanN NUSOIWUE (Fertility Data)
fayaraddnuzAN ugmiﬁuﬁ:ﬁslﬂumi
Anesail 14w areileraengniaun age at first
calving, AFC) LL@:‘H"JMNM?W’QH (calving interval,
) Tmﬂ&’ﬁmﬂ@%\iﬁﬂuuuu yield deviation (YD)
AaATR9dNLuTIINgineanfae ANENENAYEY

1ladaAa7If97] UaT estimate breeding value (EBV)

Table 1 Characterization of genome coverage.
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Faiflupreadvanaliesann addive gene NN9
dsziduandaya AFC aruau 7,376 1Tuin uaz CI
(C1 1 1-4) A uan 18,445 Tufin Avau PTG
sdRinAy 13,132 6 Awnsziisaalunasa Bs
(animal model) AelFudnsvanaifiasainilade ;34
(random effect) 1896 “AY wazilasuasd (fixed
effects) loun iy 1eimanlaa 1ol iheunas
Tiusllrunitin (annz AFC) WanuazTiiusilaum
ARBAYN ULATAIALINTIILN (1w Cl) InadTung
nsaeeiidu v = XB + Za + e uay y = XB +
Za + Wpe + & Wil AFC uaz Cl muandiy, iile
Y= f1unm, = dninansii, a= Bvidna Y
ilesanns “ns, pe = Bviawa RO SRR TIT T G
0193, uaz & = ANAARIAIAAEY, X, Z, IV = incident
matrix  vnn13atAseilag 14Tlsunss u3agyl
BLUPF90-DairyPAK 3.0 (Duangjinda et al., 2007)
ANERINUGNTTN (W) 299 AFC waz Cl Ay
0.17 way 0.15 mwdﬂﬁu, LAZAN permanent envi-

ronment (o >,) 984 Cl Wiriul 0.05

Chromosome  No. of markers Markers (position in cM)

2 4 BMS829 (99.7), BMS1987 (107.4), BL1028 (114.2), DIK1155 (117.9)

4 5 BMS827 (28.4), BMS789 (39.0), MAF70 (45.9), MAF50 (51.2), DIK4876
(60.4)

6 " BM1329 (35.4), BMS2508 (43.9),BMS5037 (47.82), BM143 (53.7), MNB-208
(60.2), DIK2294 (75.2), BM415 (81.9), ILSTS035 (87.3), BMS5021 (93.8),
BP7 (98.5), DIK5389 (102.5)

7 5 BM6105 (36.9), BM6117 (62.2), BMS2258 (77.1), OARAE129 (95.9),
BMS1979 (126.2)

18 8 ILSTS021(11.0), DIK1099(18.5), BMS2213 (24.4), INRA121 (30.1), BM8151
(40.2), BM7109 (46.9), BMS2639 (55.5), BM2078 (76.7)

23 5 RM033(20.6), BM1258(28.3), DIK5406 (47.7), BM1818 (58.1), DIK4203
(73.7)

27 4 BMS2104 (0), BM871 (7.8), BM1857 (52.3), INRA027 (57.7)
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NNSIATITINIG DR nsU QTL

Apanzinsunibsaes QTL Tnalddayaatulni
YN microsatellite markers UazAN YD WAL EBV 184
Anmur AFC way Cl aaslaungnu wiaa lmid
W?‘L%Hu 1meA% least square LU simple interval
mapping A28l lLAaUea Haley and Knott (1992) 113
Anziisaellsunsn QTL Express (Seaton et al.,
2001) Tne3tAILIULUIINYNATIALATY (across
families) wazalATziuuuLannteluAsauas
(within families) aRTIAMANUMIRS QTL NN
1 cM mﬂ‘l.uu?mmﬁm@mqm%\i 42 markers WA
NN19UTZNUAN chromosome-wise significance
threshold 7132/ 5 UAT 1 % &28nIMA o1l
permutation A1143% 10,000 381

y; =M+ S8 +bX + ¢ Haley and Knott (1992)

il Y= yield deviation %78 EBV 704N 11 |

o

ARINA uﬁ‘: i, u= overall mean, S,: fixed effect AR

'

= regression coefficient PDINANUS |,

q

[P A

wawug i, b,

i

X,= Tann ¥ign 11 j azldfu putative QTL allele

AIFUMUS haplotype NINANTOUNTBINGTUE |, € =

y

residual effect
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NANISANHILAZIANSDL

NM53LATIZNSINYNATALIASY

andeyagn 1aviavae 457 feneile
ARengNEauINLaAE  uazdaainanisliigniads
WL 29.98 LABUW WAY 416.19 U AINATAL
HANNTIAPITULILITINYNATALATY NUATUMLNYRY
QTL Aiiaviswasiednz AFC uuim‘lﬁu‘l}nwﬁ 2
(W3nuIndiy marker BL1028), TasTulug# 4
(LUF190u5eM919 marker BMS827 WAy BMS789),
‘Em‘iuienmﬁ 6 (UFnulnAriu marker DIK2294) uaz
‘Em‘iuienmﬁ 7 (UFaslndriu marker BM6117) Uae
MFUANEMY Cl WUAIUNLITEY QTL Liies
£°’T’1LLMﬂQLﬁﬂQﬂQjU%Tﬁ?TNTGHN@:ﬁ 7 (Waanlnariy
marker OARAE129) (Figure 1-4) Fatfuaziiivldan
wdanazwy QTL 289 mﬁnwm:uu‘lﬁm‘iuisﬂmjﬁ 7
wipeafiuws i lgAundamaaiuasealyd awns
fiazin markers U lasTailmsitlu 1dn @anmdoniiy
2 dnnuzld wazmslddeyaiisineu (YD uaz EBV)
Azy AN UAIUWMLE09 QTL FNNr %qmﬂﬁmﬂ@
YD agnusnumieaes QTL ldunnan (Figure 1-4)
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Figure 1 Test statistic profiles (/values) from across family analyses for age at first calving using YD (——) on

chromosome 2. Horizontal lines represent the chromosome-wise threshold values from 10,000

permutations. Relative marker locations are indicated by triangles on horizontal axis.
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Figure 2 Test statistic profiles (/values) fromacross famiy analyses for age at first calving using YD (=), and

EBV/MT (—*— ) on chromosome 4. Horizontal lines represent the chromosome-wise threshold values

from 10,000 permutations. Relative marker locations are indicated by triangles on horizontal axis.
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Figure 3 Test statistic profiles (Fvalues) from across family analyses for age at first calving using YD (=) on

chromosome 6. Horizontal lines represent the chromosome-wise threshold values from 10,000

permutations. Relative marker locations are indicated by triangles on horizontal axis.
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Chromosome 7

F-value
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Map position (cM)

Figure 4 Test statistic profiles (Fvalues) from across family analyses for age at first calving using EBV/MT

(—e—), calving interval using YD ( = ) on chromosome 7. Horizontal lines represent the chromosome-

wise threshold values from 10,000 permutations. Relative marker locations are indicated by triangles

on horizontal axis.
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WaWus# 1: wu QTL fiddninase AFC af
uu‘iﬂiiuisﬁmﬁi 6 7Y1919 marker DIK2294 uaY
ILSTS035 uazwu QTL #ilanswase CI aguwu
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A7 4 (& marker BMS827), Taslalaugfl 18
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(In&Au marker DIK4203)

Wawug 4: wu QTL fisfansnasens AFC
uaz Cl @Quuim‘ﬁuimu@'ﬁ 7 (3¥1979 markerBM6117
uaz BMS2258), Tnslulaugii 23 (In&fu marker
BIM1258 uazBM1818) uazlaslulaugf 27 (azwdng
markerBMS2104 uaz BM871)
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Wawug 5: wu QTL ATavEnasie AFC ag
ulasTulaugii 18 (INATU markerBM7109) uaz
TnsTulangi 23 (AT markerBM1258)

flaqifunnsmsann QTL fiiansnasenany

wysaluglulaundedsnaauldldunnin
ABAUANHOLETITNN AN AT 98 T T
agiuaneuzaeanistuindayalunifn Telu
srazusniflunns@nen ludnenieennisanld uay
BRIINNTARBAGNLERA Seny QTL uu‘llm‘lluiéﬁu@'ﬁ
5, 7, waz 19 (Kappes et al., 2000; Kirkpatrick et al.,
2000; Lien et al., 2000) ELNeRNE ATIENLIAN
Funieaes QTL Adan3wase AFC waz Cl
uu‘lﬁm‘lﬁu‘lﬁeﬁu@iﬁ 2 empdesiusumbding QTL
filavanaresnsnnAL “p7 56 FunAINITH X
(Schrooten et al., 2000) W °WM§'UT¢1?TJ\IISIJ3\I@:‘171| 6
WUAN Fuviteaes QTL RElanEwasie AFC aannn3
Anmasill anadestURWI QTL AEEvVENA
piataanislignanian upXIuINTRY Schrooten
et al. (2000) FawLFians 107 cM (Bg)3¥11919 marker
BP7-BM2320) kazseN1uaad Ashwell et al. (2004)
WU QTL 7iianswaresmsnisAnTiesisums
122 cM (R¢521919 marker BMS5021-BMS5029)
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Table 2 Chromosome, QTL position, marker interval, sire effect, and ~value for age at first calving (AFC) and calving

interval (Cl}, usingyield deviation (YD), single (ST) and multiple (MT) trait EBV data sets (within family analysis).

Sire Chromosome  Traits Data set Posttion” Marker interval Fvalue Effect
(cM) Left Right
S1 4 o] YD 4 BMS827  BMS789 8.90 -105.23
6 AFC YD 41 DIK2294  BM415 964 -3.43
EBV/ST 50 BM415 ILSTS035 777 -0.41
s2 6 AFC YD 7 BM1329  BMS2508 9.33" 2.97
EBV/MT 10 BMS2508  BMS5037 152" 0.43
7 AFC YD 50 BMS2258  OARAE129 6.98 -3.11
cl YD 55 BMS2258  OARAE129 8.83 243.13
S3 2 AFC YD 16 BL1028  DIK1155 8.44" 2.78
4 AFC YD 3 BMS827  BMS789 .70 -3.09
18 AFC YD 7 ILSTS021  DIK1099 7.4 -2.42
23 AFC  EBV/ST 48 BM1818  DIK4203 8.27" 0.54
EBV/MT 46 BM1818  DIK4203 719" 0.48
sa 7 AFC  EBV/ST 34 BM6117  BMS2258 9.34" -0.53
EBV/MT 33 BM6117  BMS2258 1052 -0.59
cl EBV/MT 32 BM6117  BMS2258 760" 797
23 AFC YD 7 RM033 BM1258 6.20 247
cl EBV/ST 33 DIK5408  BM1818 9.16 -6.16
27 AFC  EBVMT 3 BMS2104  BM871 6.34" 0.41
cl EBV/ST 31 BM871 BM1857 1155 7.71
S5 18 AFC  EBV/ST 36 BM7109  BMS2639 8.51 0.47
23 AFC YD 3 RM033 BM1258 6.06 2.81
EBV/ST 5 RM033 BM1258 6.92 053
EBV/MT 4 RM033 BM1258 723" 055

1 . . .
Relative from first marker in each chromosome.

) Significant at 10% chromosome-wise significant level.

- Significant at 5% chromosome-wise significant level.

Significant at 1% chromosome-wise significant level.
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