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T6MTAT ^ 
Nghidn ctiu m6 ph6ng n h ^ so sSnh lii^u qui cua cAc mft hinh stt dyng ba lo?l chi thi phftn tii g6m 
nucleotit da hinh (SNP), haplotype (nh6m SNP lî n ki tr€n dô in nhl^m sic thfr NST) vA block (nh6m SNP 
Û n ki trSn NST c6 ti 1$ trao d6i chfeo ri(t Mp) trong vi$c phAt hi$n gien qui djnh tinh tr?ng s^ lui?iig 
(QTL). Phan tich ba hff s6 li^u, mfii bO g6m c6 trinh ti; SNP cua NST s6 29 cua b6 sGa Bos taurus. trfin d6 
c6 5 QTL giS dinh. Dflli vAi m6l bO s/( li^u, phfin tich dft lî u vi kiiu gien SNP thi;c ti, hi phi thyc ti cila 
2351 c4 thi b6 di;c v4 kiiu hinh mfl phdng tuong iing cua chiing (difljin: Î p t^ 80 lAn). Trong cic m6 hinh, 
khi gii hi di truyin cua cic alen cua chi thj dugc djnh nghla li biin ngSu nhiin thi m6 hinh su di^g SNP 
c6 kha nSng tim dirge QTL cao hon vi tj 1$ c6ng nhin QTL gii thip hon so v6i m6 hinh SLT dyng haplotype % 
hoic block. Khi nang tim A^JXJC QTL giim din vi ti 1$ cflng nhin QTL gii ting Iftn khi kich thuic ciia 
haplotype hoic block ting l6n. Kit qui nghifln ciiu di nghi ^^ dyng SNP riing li trong lip bin di QTL 
thay vi diing cic haplotype ho$c block. 
Tirkhda: Chi thj phin tti, ban ddgien, bd sOa. 

L MOT DAU 

Trong nghiin cim QTL, mo hinh six dung cic 
haplotype (kiiu don bpi) (gom hiiu h?ii cic chi thj 
phan tir lien k i trSn doan NST) dugc xem la cho hi^u 
qua tot hon so voi sir dung Ceic chi thi phin tir don Ii. 
Ca sb khoa hoc cua nhan djnh nay la vi mat ly thuyit 
haplo^Tje cho phip khai thac muc dp to hgp khong 
ngau nliiin giua cac alen cua gien nghiin ciiu va alen 
cua chi thi phan tii trong q u i i thi (gpi t^t la tS hpp 
alen khong ngiu nhi^n - linkage disequilibrium- LD) 
hiiu qua hon nha dong thdi dua vio cic chi thi liin 
k i so voi dua vao timg chi thj riing le (Hayes, 2008). 
Nhiiu nghiin ciiu md phong da cho kit qua phu hpp 
vai nhgn dinh trin (Vi dy Akey et al., 2001; Zaykin et 
al., 2002; De Bakker et al., 2005) v^ kich thu6c cua 
haplotype (la so lupng cua cac chi thj trin do?m NST 
cau tao haplotype) cho phip phan tich QTL hiiu qui 
cao nhat cung da dupe d i nghj (Grapes et al., 2006; 
Calus et al., 2009). Tuy v^y, g4n day m^t s6 k i t qui 
trai ngupe da dugc ghi nhSn, d6 l i mo hinh sii dung 
chi thi don cho hiiu qui cao hon so vai sir dyng 
haplotype (Zhao et al., 2007; Sahana et al., 2010). 
Trong cac nghiin ciiu niy, hapIo^TW dupe djnh 
nghla dua trin viic m ^ dinh s6 lupng cic chi thj don 
liin k i thu6c mot doan NST. Cic nghi6n oiu trin 
chua kiem chiing haplotype dang block l i doan NST 

' Bp Nong nghi?p va Phit tri^n nong thon 
^ Tru6ng D̂ ii hgc Aarhus, Dan M^ch 

rit ngin trin d6 tin suit trao d6i chic rkH^r, 
miic LD giua cic ddi chi th} liin k i l i rk cao (WaD £ 
Pritchard, 2003). Ngoai ra ki t qui thu dupe tud 
nghiin cihi trin chu yiu dya vio phin tich cic Eii 
liiu md phong tr6n ca sa lich su phit triin ciia qpi 
nghidn ciiu nin chua hoin toin phin inh dupe hî  
t r ^ g thuc t i cua quin thi . 

Trong nghiSn ciiu niy, tic gii dinh gia biiu qua 
sir dung cic chi thi SNP, h^lotype vi block tronj 
nghiin ciiu QTL d i ^ trfin phin tich s6 liiu kiiu hinh 
mo phong, kiiu gien SNP thuc t i va h i pha thuc te 
cua b6 siia. j ^ 

I . VAT UtU VA PHUONG PIUP N G H ^ CUU 

1. H$ ph i v i kiiu glen SNP 

Nghifin ciiu sii dyng kiiu gien SNP ciia NST 29 
dupe xic djnh bang chip niumina Bovine SNP50 
BeadChip (Matukumalli et al., 2009) ciia 2531 bo due 
tu din b6 sua 6 Dan M^ch cd h^ phi rd rang. Cac 
SNP dupe dinh vj trin NST theo phuong ph^ciij 
Zimin et al. (2009) v i pha liSn ki t (linkage phasej 
cua hjq)lotype dupe xic djnh bing festPHJ^ 
(Scheet & Stephens, 2006). Cic SNP cd ti If j | 
thiiu so (cd tin suit t h ^ hon) cao hon 0,05 di 
lai v i tong s6 764 SNP thuOc NST 29 duoc si 
cho nghien ciiu. 

2. Gii djnh QIL v i md phdng kiiu hinh 

D6i vdi m6i bO sd U$u, dya trin NST 2 

QTL dupe gi i dinh nhd chpn ngiu nhiin 1' 
764 SNP vdi diiu kiin khoing cich t6i thiiu g 
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n . 14 5 cM. Ba bO QTL dmpc gia djnh tai c^c SNP 
IV! tri ISn IwTt nhu sau; b^ thil nhat \i 120,174,376, 
.5,673; Ihii 2 l i 29,201, 414, 475, 671; vk thii 314 51, 
16, 336,492, 715. Vj tri cua cic QTL tr«n NST dupe 
inh biy trong bing 1. Cic SNP dupe gii djnh li 
TL se dupe loai bo khoi bin d6 (NST 29) v i vi th^ 
li c6 759 SNP dupe phin tich. Tinh phuong sai di 
uy^n dia SNP theo cong thtic 2p(l- p) a^; trong d6 a 
. anh huong di tniy^n ch^nh l ^ h giua 2 alen cua 
NP; p l i tan su^t ciia 1 trong 2 alen; a dupe hi^u 
tiinh dua tr6n tin suit cua cic alen cua SNP h*ong 
uin th^ sao cho moi QTL c6 phuong sai - 0,02 
huong sai ki^u hinh. Gii tri di truydn ciia mfii c i th^ 
I tong ciia gii trj di truydn ciia cic QTL gii djnh vi 
i i tri di truydn cOng gOp (polygienic effect). Gii tri 
i truydn c6ng gOp cua c i th^ khdng rt ngu6n g6c 
:upc chpn ngiu nhifen tir h im phin ph6i chuin c6 
. ^ vi ô = 1. Gii tri niy cua cic c i thi 6 (tii hi ki 
iip du<?c tinh being tnmg binh cOng ciia c i ihi hi va 
tte cOng voT gii tri hi^u chinh theo Menden 
IVlendelian sampling term). Kiiu hinh cua ra6i bd 
luc dupe xic dinh l i tSng ciia gi i tri di truyin vi 
thin khdng di truyin (random residual). Phirong sai 
ua phin khong di truyin dupe xic djnh sao cho h i 
•A di truyin cua tinh trang dat 0,2. Trong m6i bO so 
iiu, gii tri kieu hinh dupe lip 1^ 80 lin. 

3. Thiit 1ft) haplotype v i block 

Cic haplotype dupe xiy dyng dua trin viic dim 
!o lupng SNP. Xuit phit tir trii qua phii NST 29, lan 
upt timg SNP dupe chpn l i chi thi diu tiin d i thiit 
Ip haplotype. Sau khi SNP diu Uin dupe chpn cho 
not haplotype, SNP liin k i bin phii dupe thdm vio 
;ho din khi dii s6 lupng SNP cho haplotype Iheo yiu 
tau. Cd hai miic s6 lupng SNP dupe nghiin cvra l i 2 
(a 4; tuong ling cho 2 loai haplotype dupe ky hiiu l i 
aap2 vi Hap4. Cic block dupe thiit Uip theo Four 
Gamete Rule dija vao 2 SNP liin k i (Wang et al., 
(002). Can cii vio viic tinh toin tan s i cic alen kep 
jilen dupe tao thinh tit cip alen ciia 2 SNP liin ki) 
| i so sinh tan s i niy voi ngudng nhit dinh d i thiit 
:ip cic block. Trong nghiin ciiu niy cd 2 ngudng 
JiQC su dung l i 0,01 v i 0,1 tuong ling cho 2 lo?i 
»lock; dupe ky hiiu l i BLOl vi BLIO. 

4. Phin tich QTL 

* Md hinh: Thiit lip m d h i n h d i phin tich trin CO 

p Iham khio Yu et al. (2006). Anh huong di truyin 

^ia cic chi thi dupe dinh nghia la biin ngau nhiin. 

Nim loai chi thj (SNP, Hap2, Hap4, BLOl vi BLIO) 
dupe sii dung di phin tich theo md hinh nhu sau: 

Trong dd: y, l i gii tri kiiu hinh ciia c i thi bd due 

thii ^ ;/ l i gii tri trung binh quin thi; qs,vk 9„„ lin 

lupt l i gii tri di truyin cua alen chi thi cd nguon gic 

tir b i vi me hiin diin trong c i thi bd di,tc thii / va 

dupe gii dinh tuin theo him phin phii chuin N(0, 

(7^), trong dd cr^li phuong sai di truyin cua QTL 

gii dinh. Ding phuong sai di truyin ciia cic alen 

khic nhau tgi mii chi thi dupe gii dinh bang 0; s, l i 

anh hudng di truyin cOng gOp cua ci thi b i cua c i 

thi bd due thir i vdi p-O vi phuong sai cr '̂; e, l i phin 

khdng di truyin ciia c i thi due thii i. 

Phin tich diing ki: Phin tich md hinh bing 

phin mim DIVIU (http://gbi.agrsci.dk/dmu/l dua 

vio gii tri xic suit cue dai (Maximum likelihood) d i 

kiim dinh ki t qui trin ca sd so sinh gii tri nay cua 

md hinh cd QTL (CTJ >0) vi khdng cd QTL (a^ -0). 

Kiim soit sai so thong k i (FWER) theo luit 

Bonferroni add FWERf,-l-(l-a/<=! a/i, trong dd a, 
l i miic Itiim dinh che timg Itiim dinh trong s i n 

kiim dinh. Muc kiim dinh chung cho moi md hinh 

l i 0,05. 

Dinh nghla QTL Khi mpt SNP dat miic y nghia 
cao nhit dupe xic dinh, mdt QTL dupe ghi nhin tai 
vi tri ciia SNP dd. Khi mdt haplotype d?t muc y nghla 
cao nhit dupe xic dinh thi mdt QTL dupe ghi nhin 
tai vi tri SNP diu tiin vi SNP thii hai tuong iing cho 
md hmh Hap2 vi Hap4. Khi xic djnh dupe block dat 
miie y nghla cao nhat mpt QTL dupe ghi nhin tren 
block dd. Doi vdi md hinh SNP hojc haplotype, mpt 
QTL dupe cdng nh^n niu nd dupe tim thay trin dd?n 
NST tin ciy, bao gem 10 SNP bin trii v i 10 SNP bin 
phai vi hi QTL gii dinh. Doi vdi md hinh block, mdt 
QTL dupe cdng nhjn niu it nhat mdt SNP thudc 
bldck dd nim trin doan NST thi hn ciy. QTL dupe 
ghi nhin khdng dip ung cic Uiu chi k i h t a dupe 
dinh nghia l i QTL gii. 

Tinh hiiu qui tim thiy QTL cua md hinh theo 

rtiuc- 'JSHL *100; U-ong dd 1200 (80 lan lip lai 
1200 

ciia kiiu hinh x 3 bd so liiu x 5 mi hinh) l i tong so 
QTL cd thi dupe phit hiin; ttCfTL la ling s i QTL 
dupe cdng nhin Uong s i 80 * 3- 240 lan phin Uch. 

congti 
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Tinh ti li cing nhin QTL gia (FDR) theo cdng thiic: 

'^^^ *100; Uong dd tsQTL li ting si QTL 
IsQTL + tlQTL 
gia dupe ghi nhin tir 240 lin phin Uch. 

• .Kfl QUA vA into ujiN 
1. Su hiin diin cua QTL gii d)nh Uin block 
Cic QTL gii dinh hiin diin ngiu nhiin Uin cic 

block mi khdng phu thuic vio kich thude cua block 
(bang 1). d miie tin suit 0,01 (BLOl) cd 6 QTL 
khdng ttiuic block nio. Tuy nhiin cd 5, 3 vi 1 QTL 
hiin diin Uin cic blcck cd kich thude tuong ung li 
1, 2 vi 6 SNP. 6 miic tin suit 0,10 (BLIO), cd 2 QTL 
khdng fliudc block nio Uong khi cd 2, 3, 3 vi 1 QTL 
hiin diin Uin cic blcck cd kich thude tuong ling li 
1, 2, 3 vi 4 SNP. Ngoii ra cd 4 QTL hiin diin Uin 
cic block cd kich thude ldn han 4 SNP. Trong md 
hinh BLIO, cic QTL gii dinh hiin diin Uin cic 
block cd kich thude ldn ban Oin nhit li 9) sd vdi it 
md hinh BLOl fldn nhit li 6). 

Bing 1: Hiin diin cua cic QTL gii dinh 
trin cic block 

Bpso 

liiu 

1 

2 

3 

QTL gii dinh 

SNP 

120 
174 
376 
515 
673 
29 
201 
414 
475 
671 
51 
206 
336 
492 
715 

ViUi 

(base) 

9446047 

12750459 

27510099 

36166067 

47146262 

2015095 

15129552 

30200387 

33881797 

46927411 

3769719 

15535268 

25186997 

34758033 

49207370 

Kieh thude 

block 

BLOl 

0 
1 
0 
0 
0 
0 
1 
2 
1 
1 
2 
0 
1 
2 
6 

BLIO 

3 
2 
1 
0 
0 
2 
3 
3 
1 
5 
2 
5 
9 
4 
7 

haplotype ho$c block ting lin) thi khi ning liiii& 
QTL giim di vi U li cing nh|ln QTL gii ting ten, Mi 
hinh SNP cd khi ning phit hiin ra QTL cao nliS 
(72,5«) vi ti li cing nh«ta QTL gii li thip nhit 
(8,27%). Khi ning phit hiin ra QTl d md hinh BLIO 
li Uiip nhit, Uong khi d li cdng nh^ Qll gji cao 
nhit ft md hinh Hap4. 

Kit qui phin Uch cho thiy mi hinh sii diing 
SNP dem Igi hiiu qui cao han so vdi mi hinii sir 
dung haplotype ho$c block vi khi ning phit hi§n 
QTL vi miie di cing nhjn QTL gii. Phit hiin nij 
phii hpp vdi kit qui di dupe mit si tic gii cing M 
(Zhao et al., 2007; Sahana et al., 2010) nhung trii 
ngupe vdi kit qui di dupe cdng bi ciia nhiiu cing 
trinh khic, dd li md hinh diing haplotype cho hi^ 
qui tit han dimg chi thi don (Akey et al., 2001; 
Grapes et al., 2006; Calus et al., 2009). Tinh uu vî tvi 
ĥ ui chi ciia viic su dMng haplotype Uong phin licii 
QTL li CO sd di giii thich cho kit qui Uii ngugc liiu 
dupe tir cic nghiin ciiu khic nhau. Uu thi vi hî  
qui phin tich ciia md hinh sir dung haplotype so voi 
SNP phu thuic vio su cin dii giiia hiiu qui thu 
dupe tir khai thic tinh uu vî t vi hgn chi do su bat 
cip khi sir dung haplotype vi su cin doi niy phu 
thuic vio mpt si yiu to khic nhau. Ro ring vi ly 
Biuyit dimg haplotype sS giiip khai thic dupe nhiSu 
thing tin vi LD giiia QTL vi chi th) phin hi qua di 
tang khi ning phit hiin QTL vi dinh vi nd chinh BC 
han Uin bin di glen (Hayes, 2008). Thim vio do, 
khi ning phit hiin QTL ting lin niu tan suit alen 
ciia chi thi tuong ti; nhu tin suit alen ciia QU 
(Kaplan & Morris, 2001) vi cic haplotype thudng c6 
cie alen d tin suit thip do dd sir dung cic haplotype 
cd thi gia ting khi ning phit hiin gien giy liinh 
(Akey et al., 2001; De Bakker et al., 2005) vi cic alen 
ciia gien giy binh thudng cd tin suit quin thS Bt 
thip do phii chiu ip luc cua ebon loc. 

2. Khi ning tim thiy QTL vi miic di cing nh^ 
QTL gii 

Kit qui vi khi ning tim thiy QTL vi miic di 
cdng nhin QTL gii cua 5 md hinh dupe Uinh biy 
Uong hinh 1. Xuit phit tir vi tii ciia md hinh SNP vi 
quan sit vi hudng trii hojc phai (kich fliudc cua cic 

6 

B b2 

8.7 

1 

^ 66.31 

0 53 

1 
' 

r: HICU sui 

• FDR 

4 24 

1 
~.~ 8 27 

BLIO BLOl SNP Hjp2 Hap.1 

Hinh 1: Hi?u suit phit hien QTL vi ti li cdng nM« 
QTLgii " • 
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Tuy nhifin v i ^ su dyng haplotype cung b^c 10 
mpt s6 h?n ch^. Trong md hinh sit di^ng haplotype, 
sd lupng cic alen cua haplotype se tang len khi kich 
thuoc cua haplotype ting I6n. Trong trudng hpp djnh 
nghla gii tri di truydn cua cic alen niy l i bi^n c6 
dinh thi muc dp chinh xic cua gi i tq trung binh ir6c 
tinh cua cac alen niy se giim di trong tru6ng hpp 
kich thuac miu phin tich khong du 16n. Trong mOt 
quan th^ xic dinh khi kich thu6c ciia haplotype tang 
len thi so loai alen tai haplotype d6 ting l^n vi s6 
lupng cua mot loai alen cua haplotype d6 giim di, 
qua do lam giam dO chinh xic trong u6c tinh gii trj 
trung binh cua alen niy. £)i4u niy se gia tang khi 
ning cong nhan QTL gia (Kolbehdari & Robinson, 
2007). Trong trudng hpp djnh nghla gii trj di truydn 
cua cac alen ciia haplotype l i bi^n ngau nhien vi 
d6ng phuong sai cua cic alen ciia chi thj dupe so 
sanh voi dong phucmg sai ciia ki^u hinh, nhd d6 
giam thi^u cic tham s6 trong m6 hinh phin tich qua 
do, lim tang do tin ciy cua cic ki^m djnh. Tuy viy sir 
dung cic h a p l o ^ e vin kem theo nhung bit cip. 
Viec tinh toin dong phuong sai ciia cic alen khic 
nhau tai moi haplotype l i kh i phiic tgp do lien quan 
d^n nhi^u chi thi phin tu. Trong trudng hpp niy, d^ 
don giin v i ^ tinh toin d hiu h^t cic mo hinh gii tri 
nay thudng dupe gia dinh bing khong. Giii phip niy 
CO nguy ca anh hudng nhi^u d^n k^t qua phan tich 
khi cac alen khac nhau cua mpt haplotype nhung 
mang ciing 1 alen cua QTL Trong trudng hpp nay 
dong phuang sai chinh l i phuong sai cua QTL. Miic 
do anh hudng ciia y^u to niy ti 1̂  thuan vdi kich 
thiroc cua haplotype. Trong nghien cim hidn t?i inh 
hudng cua yeu to niy l i kh i ldn th^ hiOn qua k^t qua 
phin tich, dd l i kha ning phit hi^n QTL giam din, ti 
le cong nhan QTL gia ting din khi xem xet k^t qui 
phin tich theo thir tu mo hinh SNP, Hap2 vi Hap4 
'hoac SNP, BIJOI v i BLIO. Chinh vi anh hudng niy 
,nen d cic nghien ciiu trudc diy (Grapes et al., 2006; 
Calus et al., 2009) hieu qui xac dinh QTL chi tang 
len cho d^n khi haplotype dgt kich thudc nhat djnh, 
vupt qua muc do hi^u qui phin tich giam di rd rOt 
Trong cic mo hinh sii dung haplotype hoic block 
anh hudng cua v i ^ bd qua d6ng phuong sai cua cic 
alen tai moi haplotype vupt trOi so vdi hi$u qua khai 
'thac LD tir cac SNP Mn k^, do do hi^u qua nghien 
iciiu ciia mo hmh SNP van cao hon so vdi md hinh 
haplotype ho|w: block. 

I Trong cic nghidn cuu md phong trudc diy, tic 
gia sir dung hau h^t l i chi thi microsatellite (vi vd 

linh), s6 liOu v^ ki^u gien, he phi v i ki^u hinh phuc 
vu cho phin tich QTL dupe xiy dung hoin toin do 
gii djnh. Nghidn cuu hidn tai su dyng ki^u gien SNP 
tiiuc td va hd phi tiiuc td ciia quin thi bd sua ndn cd 
thd md phong hidn trang gin vdi di^u kidn thuc td 
hon so vdi cic nghidn cuu trudc diy dua hoin toin 
vao cic sO hdu gii djnh. 

nr. KET LUAN 

Trong nghien ciifu QTL, khi sit dung sO lidu v^ 
ki^u hinh md phdng vi QTL gii djnh kdt hpp vdi kidu 
gien SNP thuc td vi hd phi thuc td ciia bd, mo hinh 
phin tich sir dung SNP cho kdt qui t6t hon so vdi md 
hinh sir dung haplotype hoac block vd kha ning phat 
hidn QTL vi mire dd cdng nhin QTL gii. Tir kdt qua 
nghidn ciru da dat dupe dd nghi sir dung SNP don Id 
thay vi cic haplotype trong lip ban do QTL d bd. 
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Kdt gui nghiin ciiu thuc hi$n tai Trudng Dai 

hocAarbus, Vuong qudc Dan Maeh ni^n khoi 2007-
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Nam vi Chinh phu Dan Maeh dong tai trgr. 
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THE EFFECTS OF INDIVIDUAL MARKERS VERSUS MARKER HAPLOTYPES ON POWER AND FALSE 
DISCOVERY RATE IN GENOME-WIDE ASSOCIATION STUDIES 
Mmh Duy Mai, Goutam Sahana, Bemt Guldbrandtsen, and Freddy B. Christiansen 7 

Summary I 

A comparison of the effects of single nucleotide polymorphism (SNP) marker, overlapping Jxeisize 
haplotype and block consUucted on die basis of non-random association of markers by genome-«ide 
association was done. Three datasets each contains five simulated quantiUtive ttalt loci (QIL) on SNP map 
of Bos taurus 29 and 80 replicates were analyzed. The SNP real genotype, real pedigree and simulated 
phenotypes of 2,531 buUs from Danish Holstein daiiy catUe were used. When marker alleles were treated 
as random effect, ttie models using individual SNP gave better results ttian using overlapping fixed-size 
haplotype or block in terms of power and false discovery rate. The power decreased while die false 
discovery rate increased as the size of used haplotype or block increased The results suggest use of * 
individual SNP rather ttian SNP based haplotype or block in mapping genes causing genetic vaiiation ta 
quantitative traits. 
Keywords: Molecular indicator, gene map, dairy cow. 
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