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Nghién ciu mé phéng nhim so sanh hi¢u qui cda cic md hinh st dyng ba logl chi thi phin vk gém
nucleatit da hinh (SNP), haplotype (nhém SNP lidn ké trén dogn nhidm séc thé NST) va block (nhém SNP
lién ké trén NST cé 4 18 trao d6i chéo rét thip) trong viéc phét hién gien qui dinh tinh trang 86 lupng
(QTL). Phn tich ba bé s6 lidw, mdi by gbm cé trinh ty SNP cita NST 88 29 cua bo stra Bos taurus, trén d4
6 5 QTL gid dinh. DAl véi mdl bé s6 lidu, phan tich dix litu vé kidu gien SNP thyc té, he phi thye té cia
2351 ¢4 thé b dyc va kifu hinh mé phdng tuomg (myg cla ching (duye 13p fal 80 14n). Trong céc mé hinh,
Kkhi gi4 trj di truyén cda cic alen cia chi thi duge dinh nghia la bi€n ngdu nhign thi mé hinh sit dyng SNP

¢4 kha nang tim dugr QTL cao lon va U 1@ cong nhan QTL gia th&p hon so véi mo hinh sir dung haplotype

it

hodc block. Kha nang tim duge QTL gidm dén v4 ti ¢ cong nhin QTL gid tang lén khi kich thuée cia
haplotype hosc block tang lén. Két quéa nghién ciu dé nghi sir dyng SNP rieng 1é trong l4p bin 48 QTL

thay vi duing céc haplotype hoac block.
Tir khéa: CAr thy phdn 1, bin dd gien, bo sva.

L i DAY

Trong nghién ciu QTL, mé hinh sit dung cic
haplotype (kiu don bi) (gém hiu han cac chi thj
phan tr lién ké trén doan NST) duge xem 14 cho hiéu
qua tdt hon so véi sir dung cac chi thj phan tr don lé.
Corsirkhoa hoc ctia nhan dinh nay 14 vé mat ly thuyét
haplotype cho phép khai thiac mic dé 18 hop khéng
ngau nhién gira cac alen cla gien nghién ciru va alen
cua chi thj phan tr trong quén thé (goi tit la t8 hop
alen khong nglu nhién - linkage disequilibrium- 1D)
hiéu qua hon nhé déng théi dya vao cée chi thi lién
ké so v&i dua vio timg chi thj rieng 1& (Hayes, 2008).
Nhidu nghién ciru mé phong da cho két qua phi hep
voi nhan dinh trén (Vi du Akey et al.,, 2001; Zaykin et
al, 2002; De Bakker et al., 2005) va kich thuéc cia
haplotype (14 s6 lugmg cia cac chi thj trén doan NST
c4u tao haplotype) cho phép phén tich QTL hiéu qué
cao nhét ciing da duge dé nghj (Grapes et al., 2006;
Calus et al,, 2009). Tuy vay, gan diy mit s6 két qua
trdi nguoc da duge ghi nhan, d6 1a mé hinh sir dung
chi thi don cho hiéu qué cao hom so véi sir dung
haplotype (Zhao et al., 2007; Sahana et al,, 2010).
Trong cic nghién ciu ndy, haplotype duge dinh
nghia dua trén viée mic dinh s8 lugmg céc chi thj don
lidn k& thusc mét doan NST. Cic nghién ctru trén
chura kiém chimg haplotype dang block 14 doan NST
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rdt ngdn trén d6 tAn suft trao déi chéo rdt thipv
muc LD gitra c4c doi chi thj lién ké 1 rdl cao (Wall4
Pritchard, 2003). Ngodi ra két qua thu dupe tirck
nghi¢n clu trén chd yéu dua vao phan tich cicof
litu mé phéng trén co s& lich sir phét trién cia
nghién cina nén chua hoan toan phan inh dupe hits
trang thye té ciua quin thé,

Trong nghién ciru ndy, the gia danh gid hifu qu
sir dung cic chi thj SNP, haplotype v block tron
nghién ciu QTL dyra trén phan tich s lidu kidu hish
mo phong, kidu gien SNP thyc t€ va hé pha th i
ctia bd sira, g

IL VAT LIEU VA PHUDNS PHAP NGHIEN COU

1. Hé phi va kiéu gien SNP

Nghién ctru sir dung kiéu gien SNP ciia NST8
duge x4c dinh bang chip Ilumina Bovine SNPU
BeadChip (Matukumalli et al., 2009) cita 2531 bddx
tir dan bo stra & Dan Mach c6 he pha rd ring. (¥
SNP duge dinh v trén NST theo phuong phip &
Zimin et al. (2009) va pha lién két (linkage pha
cia haplotype dupe xéc dinh bing
(Scheet & Stephens, 2006). Cic SNP c6 ti
thiéu s6 (c6 tdn sut thip hon) cao hon 0,054t
lai va tong s8 764 SNP thugc NST 29 duoc &
cho nghién ctru.

2. Gi& djnh QTL vA mé phdng kidu hinh

D6i voi méi b sé lidu, dya trén NST 2
QTL dugc gid dinh nhé¢ chon nglu nhién 1!
764 SNP véi didu kién khodng cdch t4i thidug
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TL 14 5 cM. Ba bé QTL duec gia dinh Lai cac SNP
1vj tri 14n luot nhu sau: bd thir nhat 13 120, 174, 376,
5,673; thir 214 29, 201, 414, 475, 671; va tha 3 14 51,
¥6, 336, 492, 715. Vj tri cia cAc QTL trén NST duec
inh bay trong bang 1. Cac SNP dugc gid dinh 13
TL s& duge loai bd khéi ban d6 (NST 29) va vi thé
1l c6 759 SNP dugc phén tich. Tinh phuong sai di
uyén ciia SNP theo cdng thirc Zp(1- p) &, trong d6 a
. anh hudmg di truyén chénh léch giia 2 alen cua
NP; p 1A tin suft ctia 1 trong 2 alen; 4 dugc hitu
hinh dya trén tAn suét cia cic alen cua SNP trong
vdn thé sao cho mdi QTL c6 phuong sai = 0,02
huong sai kiéu hinh. Gi4 trj di truyén ciia méi c4 thé
1 t8ng clia gi4 trj di truyén cta cac QTL gia dinh va
i4 trj di truyén cong gdp (polygienic effect). Gi4 tri
i truyén cong gdp cia ca thé khong ro ngudn géc
‘uge chon nglu nhién tir hAm phéan phéi chuén c6
=0 va o?= 1. Gi4 trj nay cuia c4c ca thé & thé hé ké
iép duge tinh bdng trung binh céng cta c thé b va
ae cong véi gid tri hitu chinh theo Menden
Mendelian sampling term). Kiéu hinh cia mdi bd
lyc duge x4c dinh 1a ¥ng cua gi4 tri di truyén va
than khéng di truyén (random residual). Phuong sai
wia phdn khong di truyén dugc xdc dinh sao cho h¢
4 di truyén cia tinh trang dat 0,2. Trong méi b$ s6
1éu, giA trj kiéu hinh duoc 13p Jai 80 14n.

3. Thiét ap haplotype va block

Céc haplotype dupc xay dung dira trén viéc dém
4 lwong SNP. Xust phat tir trai qua phai NST 29, lan
ot timg SNP dugc chon 14 chi thj du tien dé thiét
4p haplotype. Sau khi SNP d4u tién duoc chon cho
not haplotype, SNP lién ké bén phai duoc theém vao
‘ho dén khi du s3 lugng SNP cho haplotype theo yéu
u. C4 hai mirc 88 lugng SNP duge nghien ctu 1a 2
ri 4; twong img cho 2 loai haplotype dugc ky hi¢u la
Jap2 va Hapd. Céc block duoc thiét 1p theo Four
amete Rule dya vao 2 SNP Lidn ké& (Wang et al,
4002). Can cir vao viec tinh toan tAn s& cac alen kép
slen dupe tao thanh b cap alen caa 2 SNP lidn ké)
14 50 séoh thn s§ ndy véi ngudng nhét dinh dé thiét
4p cAc block. Trong nghién ciru nay c6 2 ngudng
uge st dung 14 0,01 va 0,1 twong dmg cho 2 loai
ylock; duge ky hiéu 1a BLO1 va BL10.

4. Phan tich QTL

¥ M6 hinh: Thiét 14p m6 hinh d& phan tich trén co
 tham khio Yu et al. (2006). Anh huéng di truyén
12 chc chi thi dwoc dinh nghia 14 bién ngiu nhien.

Nam loai chi thj (SNP, Hap2, Hapd, BLO1 va BL10)
duoc sir dung dé phan tich theo md hinh nhu sau:
U ot QuptSrey

Trong dé: ;14 gia tr kidu hinh cda c4 thé bd duc
tha £ p 14 gid tri trung binh quin thé; g, va g, l4n
lugt 12 gi4 trj di truyén cua alen chi thj ¢6 nguén géc
tir b8 va me hién di¢n trong c4 thé bd dyc thua jva
duge gid dinh tuan theo ham phan phdi chuidn N,
0':), trong d6 0': 14 phuong sai di truyén cia QTL
gia dinh. Péng phuong sai di truydn cia c4c alen
khéc nhau tai méi chi thj duge gid dinh bing 0; s, 13
anh hudmg di truyén cong gop cia c4 thé bd cla ca
thé bb dyc th i véi =0 va phuong saio) : €14 phéo
khéng di truyén cda c4 thé duc thai.

Phan tich thdng ke: Phan tich mo hinh bing
phin mém DMU |[http://gbi.agrscidk/dmu/] dva
vio gi4 trj Xac suat cuc dai (Maximum likelihood) dé
kiém dinh két qua trén co s so sanh gi trj ndy cla
mo hinh c6 QTL (o >0) va khéng c6 QTL (o =0).
Kiém soat sai s6 théng ké (FWER theo luit
Bonferroni & 46 FWERu~I-(1-a )~ an, trong dé a,
12 muc kiém dinh cho timg kiém dinh trong s8 n
kiém dinh. Mire kiém dinh chung cho m&i mé hinh
14 0,05.

Dinh nghia QTL: Khi mét SNP dat muc y nghia
cao nhit duge x4c dinh, mét QTL duge ghi nhan tai
vj tri ciia SNP dé. Khi mot haplotype dat mirc y nghia
cao nhit duge xac dinh thi mét QTL duge ghi nhan
tai vi tri SNP d4u tién va SNP thi hai tuong tng cho
mé hinh Hap2 va Hapd4. Khi x4c dinh duoc block dat
muc y oghia cao nbt mét QTL duge ghi nhin trén
block dé. Déi véi mé hinh SNP hoic haplotype, mét
QTL duge cong nhan néu né duge tim thiy trén doan
NST tin ciy, bao gém 10 SNP bén trai va 10 SNP bén
phai vi tri QTL gia dinh. D&i véi mé hinh block, mot
QTL duge cong nhan néu it nhat mét SNP thusc
block d6 nim trén doan NST thé tin cdy. QTL duoc
ghi nhan khang dap img cic téu chi ké trén duoc
dinh nghia la QTL gia.

Tinh hi¢u qua tim thdy QTL cia mo hish theo
cong thirc: —’;%TOL +100; trong 86 1200 (80 lan 13p lal
ctia ki€u hinh x 3 b6 s4 ligu x 5 mo6 hinh) 1a tdng s6
QTL c6 thé dupc phét hi¢n; #Q7L 1 tdng s6 QTL
duge cong nhén trong s§ 80 * 3= 240 lan pban tich.
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Tinh t 1& cong nhan QTL gia (FDR) theo cong thuc:
—BOTL . 00, irong d6 tsQTL 14 téng s6 QTL
(sQTL +1uQTL
gia duge ghi nhan tir 240 |4n phan tich,

WL KET QUA VA THAO LUAN

1. Sy hign di¢n cia QTL gia dinh trén block

Chc QTL gia dinh hién di¢n nghu nhién trén cic
block ma khong phy thugc vao kich thuée cia block
(bang 1). & mic tAn suit 0,01 (BLOL) c6 6 QTL
khong thupe block nao. Tuy nhién c6 5, 3 va I QTL
hi¢n dién trén céc block c6 kich thuédce tuong img |2
1,2 v4 6 SNP. & mix t4n sust 0,10 (BL10), c6 2 QTL
khéng thudc block ndo trong khi ¢6 2, 3,3 va | QTL
hién dién trén cac block c6 kich thuée tuong ing 13
1, 2, 3 va 4 SNP. Ngodi ra ¢6 4 QTL hién di¢n trén
cic block cé kich thude 16n hon 4 SNP, Trong mé
hinh BL10, cdc QTL gi4 dinh hién dién trén céc
block cé kich thuée 16n hon (1én nhit 14 9) so véi &
moé hinh BLO1 (16n nhét 14 6).

Béng 1: Hién dién clia cAc QTL giA dinh

trén cic block
Bos6 QTL gia dinh Kich thuée
lidu block
SNP Vij tri BLO1 | BL1O
(base)
1 120 9446047 0 3
174 12750459 | 1 2
376 27510093 | 0 1
515 | 36166067 |0 0
673 | 47146262 |0 0
2 29 2015095 |0 2
201 15129552 | 1 3
414 30200387 | 2 3
475 33881797 |1 1
671 46927411 | 1 5
3 51 3769719 |2 2
206 15535268 | O 5
336 25186997 |1 9
492 34758033 [ 2 4
[ 715 149207370 |6 7

2. mnAngﬁmMyQ’l‘l_.vamﬁcdoodngnhAn
QTL gia

Két qua vé kha nang tim thiy QTL vi mue <}
cong ohan QTL gia cta 5 mé hinh duge trinh bay
trong hinh 1. Xuit phét tlr vi tri ciia mé hinh SNP va
quan sét vé huéng tréi hosc phai (kich thuée cia cie

=

haplotype hodc block ting len) thi khé nang tim %
QTL gidm di va ti 1@ cOng nh&n QTL gi4 ting Ién, My
hinh SNP c6 kha nang phat hién ra QTL cao ghy
(72,5%) va G 1¢ cong nhan QTL gid 1A thip nhy
(8.27%). Khi nang phét hi¢n ra QTL & mé hinh BLy
12 thdp nhét, trong khi ti 1¢ céng nhdn QTL giA ca
nh4t & mo hinh Hap4.

Két qua phan tich cho thdy mé hinh sir dusg
SNP dem lal hiéu qua cao hon so véi mo hinh s
dung haplotype hofic block vé kha nang phit higa
QTL va mic d¢ cong nhin QTL gid. Phat hién oy
phu hop véi két qua da duge mét s8 tic gid cong b
(Zhao et al., 2007; Sahana et al., 2010) nhung trii
nguoc voi két qud da duye cong b6 cia nhidu cong
trinh khac, d6 12 md hinh ding haplotype cho higy
qua t8t hon dung chi thj don (Akey et al, 2001;
Grapes et al., 2006; Calus et al,, 2009). Tinh wu vidt v
han ché cia viée sir dung haplotype trong phan tich
QTL 1A co s& d€ gii thich cho két qua tra nguge thy
duec tir cac nghién ciru khac nhau, Uu thé vé hit
qua phan tich cia mé hinh sit dung haplotype o v
SNP phu thufc vdo sy cin déi gia hitu qui
dugc tir khai thac tinh uu viét v han ché do sy bt
cp khi sir dung haplotype va sy can d&i ndy phy
thujc vao mét s3 yéu t khic nhau. Rd rang vé i
thuyét dung haplotype s gitp khai thic duge it
théng tin vé LD giira QTL vA chi thj phan tr qua dé
tang kha nang phat hi¢n QTL va dinh vj né chinh tic
hon trén ban dé gien (Hayes, 2008). Thém vio d6,
kha ning phat hien QTL tang 1&n néu tin suit alken
cta chi thy tuong ty nhu tin suit alen cia QTL
(Kaplan & Morris, 2001) va cic haplotype thubng o
cac alen & tdn sudt thip do d6 sir dung cic haplotype
c6 thé gia tang kha nang phét hién gien gly béth
(Akey et al., 2001; De Bakker et al., 2005) vi ci glen
clia gien gay benh thudng cé tAn suit quin thé
thép do phai chiu 4p luc cia chonloc. i

s
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Tuy nhién viéc sit dung haplotype cang boc 16
mot s6 han ché. Trong mé hinh sit dung haplotype,
s6 lugng cac alen ciia haplotype s& tang 1&n khi kich
thuée cia haplotype tang 1én. Trong trudng hep dinh
nghia gia tri di truyén ctia c4c alen ndy 14 bién c§
dinh thi mirc d$ chinh xac cia gia trj trung binh uéc
tinh cta cdc alen ndy s& giam di trong trudmg hop
kich thuéc mau phan tich khéng da lén. Trong mot
quin thé xac dinh khi kich thuée ctia haplotype tang
1én thi s§ loai alen tai haplotype d6 tang len va s
luong cla mot loai alen cba haplotype dé gidm di,
qua d6 1am giam d¢ chinh xac trong uéc tinh gia trj
trung binh cia alen nay. Diéu ndy sé gia tang kha
nang cong nhan QTL gia (Kolbehdari & Robinson,
2007). Trong trudmg hop dinh nghia gia tr di truyén
ciia cic alen ciia haplotype 13 bién ngiu nhién va
déng phuong sai ciia cac alen cba chi thj duge so
sanh véi dong phuong sai cga ki€u hinh, nhe do
giam thidu cac tham s3 trong mo hinh phan tich qua
dé, 1am ting d¢ tin cdy cua cac kiém dinh. Tuy viy sir
dyng cac haplotype vin kém theo nhimg bat cap.
Vi¢c tinh todn déng phuong sai clia cic alen khac
nhau tai méi haplotype 13 kha phirc tap do lién quan
dén nhidu chi thi phan thr. Trong trudmg hop ndy, dé
don gidn viéc tinh toan & hau hét cAc md hinh gia tri
nay thudng dugc gid dinh bing khong. Giai phap nay
c6 nguy co anh hudng nhidu dén két qua phan tich
khi cac alen khiac nhau cia mét haplotype nhung
mang cung 1 alen cua QTL. Trong truong hep nay
déng phuong sai chinh 14 phuong saj ciia QTL. Mic
do anh huong cla yéu t5 ndy G 1¢ thuan véi kich
thuée ctia haplotype. Trong nghién ctu hién i anh
‘huémg clia yéu t5 ndy 12 kha lén thé hién qua két qua
‘phan tich, d6 )a kha nang phat hién QTL gidm din, ti
‘12 cong nhan QTL gia tang dan khi xem xét két qua
'phin tich theo thir ty mé hinh SNP, Hap2 va Hap4
thoic SNP, BLO1 va BL10. Chinh vi anh huong nay
.0én & cAc nghién ¢t truée day (Grapes et al., 2006;
Calus et al., 2009) hidu qua xac dinh QTL chi tang
1en cho dén khi haplotype dat kich thuéc nhét dinh,
vugt qua mirc d6 hiéu qua phan tich gidm di rd rét.
Trong c4c moé hinh sit dung haplotype hodc block
anh hudng clia viée bd qua déng phuong sai cla cac
alen tai méi haplotype wiot tréi 8o véi hiéu qua khai
thic 1D tir cic SNP lién ké, do d6 hi¢u qua nghién
cta cia mé hinh SNP vin cao hon so véi mé hinh
haplotype hogc block.

, Trong c4c nghién ctu mé phéng truée day, tac
gia sir dung hdu hét 1a chi thj microsatellite (vi v¢

tinh), $6 li¢u vé kiéu gien, hé pha va kiéu hinh phuc
vu cho phan tich QTL dugc xay dung hoan toan do
gid dinh. Nghién ctu hi¢n tai sir dyng kidu gien SNP
thuye t& va he pha thyc € cia quin thé bd sia nén ¢
thé mé phong hién trang gin véi diéu kien thyc té
hon so0 véi cac nghién ciu truée day dya hoan loan
vao cac $6 héu gia dinh.

V. KET LUAN

Trong nghién ciu QTL, khi sir dung s lidu vé
kiéu hinh mé phéng va QTL gi4 dinh két hop voi kiéu
gien SNP thye (€ va he¢ pha thye té ciia bd, mé hinh
phan tich sir dung SNP cho két qud t8t hon so véi mé
hinh s dung haplotype hodc block vé kha nang phat
hi¢n QTL va mice d6 cong nhan QTL gia. Tur két qua
nghién ciru da dat dupe dé nghj sir dung SNP don 1&
thay vi c4c haplotype trong 1ap ban dé QTL & bd.
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THE EFFECTS OF INDIVIDUAL MARKERS VERSUS MARKER HAPLOTYPES ON POWER AND FALSE

DISCOVERY RATE IN GENOME-WIDE ASSOCIATION STUDIES
Minh Duy Mal, Goutam Sahana, Bernt Guldbrandtsen, and Freddy B. Christiansen

Si

ummary
A comparison of the effects of single nucleotide polymorphism (SNP) marker, overlapping fixed-size

.

haplotype and black constructed on the basis of non-random association of markers by genome-wide
association was done. Three datasets each contains five simulated quantitative trait loci (QTL) on SNP map
of Bos taurus 29 and 80 replicates were analyzed, The SNP real genotype, real pedigree and simulated
phenotypes of 2,531 bulls from Danish Holstein dairy catle were used. When marker alleles were treated
as random elfect, the models using individual SNP gave better results than using overlapping fixed-size
haplotype or block in terms of power and false discovery rate. The power decreased while the false

discavery rale increased as the size of used haplotype or block increased. The results suggest use of

B

individual SNP rather than SNP based haplotype or block in mapping genes causing genetic variation in

quankitative traits,

Keywords: Molecu/ar indicator, gene map, dairy cow,
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