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XAC PINH KIEU GEN VA TAN SUAT LEN ANH HUONG TAM VOC NGUA
KAZAKHSTAN KUSHUM

Nguyén Ba Trung', Lé Nit Anh Thu?? va Pham Thi Kim Phugng!

Tém tit

Ngua Kazakhstan Kushum hinh thanh tir ngwa dia phuong lai v6i gidng nhap nhu Thoroughbred, Trotter, Russian
Don... TAm voc ngua cao 16n, cung cép thit, chan gia stuc va phuc vu quin doi. Muc dich nghién ciru 1a tim hiéu
phéan b kiéu gen va tin suét alen cua cac gen c6 thé mang dot bién diém, anh hudng tim voc qua phuong phap
PCR-RFLP & gen HMGA?2 g.81481064 C > T (anh huong chiéu cao vai-high mobility group AT-hook 2), gen
LASPI g.23259732 G > A (lién quan tAm voc cao 1on- LIM and SH3 protein 1), va gen ZFAT g.75550059 C > T
(lién quan chiéu cao vai-zinc finger and AT hook domain containing). Két qua, phan bé kiéu gen 77, TC va CC &
gen HMGA?2 tuong tmg 86,4%, 13,6% va 0%), tin suat alen lan C gay giam chiéu cao vai 0,07. Kiéu gen GG, GA
vaAA & gen LASPI 13 13,6%, 72,8% va 13,6%, tan suét alen lin A gay ting tAm voc 12 0,5. Gen ZFAT c6 kiéu gen
CC, TC va TT tuong ting la 72,7%, 27,3% va 0%, tan suit alen lan 7 gay tang chiéu cao vai 13 0,14. Nhu vay, alen
lan C o gen HMGA?2 c6 tan suét rat thép, cho théy quén thé c6 thé da trai qua ap luc chon loc kiéu hinh c6 tim voc
cao lorn thé hlen rd qua tan suat xuit hién cao & alen lan 4, gay tang chiéu cao vai, thudc gen LAST!I. Thém vao
d6, quan thé tiép tuc c6 déu hiéu mang alen lin thudc gen ZFAT, gitp tang chiéu cao vai. Vay ngua kushum c6 tim
voc cao 16m, ¢6 xu hudng thich hop di chuyén duong dai.

Twr khoa: gen HMGA2, LASP1 va ZFAT, nguwa Kushum, tam voc.

ALLELE AND GENOTYPIC FREQUENCIES OF GENES ASSOCIATED TO
BODY CONFORMATION IN KAZAKHSTAN KUSHUM HORSES

Abstract

Kazakhstan Kushum horses were formed from local breeds with imported breeds like Thoroughbred, Trotter,
Russian Don ... Horses are tall stature, providing meat, herding cattle, and serving the army. The aim of study was
to investigate the genotype distribution and the allele frequency of the genes that can carry the point mutation, as-
sociated to body conformation by PCR-RFLP method in the HMGA2 gene g.81481064 C > T (related to withers
height-high mobility group AT-hook 2), the LASPI gene g.23259732 G> A (related to higher stature- LIM and SH3
protein 1), and the ZFAT gene g.75550059 C > T (associated to withers height- zinc finger and AT hook domain
containing). As a result, the distribution of 77, 7C and CC genotypes in the HMGA2 gene were 86.4%, 13.6% and
0% respectively, the frequency of recessive C allele caused a decrease in withers height of 0.07. Genotypes of
GG, GA and A4 in LASPI gene were 13.6%, 72.8% and 13.6%, the frequency of recessive A4 allele causing stature
increase was 0.5. The ZFAT gene has CC, TC, and TT genotypes, respectively, 72,7%, 27,3%, and 0%, frequency
of recessive T allele, causing withers height increase is 0.14. Thus, the recessive C allele in the HMGA2 gene has
a very low frequency, indicating that this population may be under strong selection pressure for particular body
conformation, expressed through the high frequency in recessive allele A = 0.5 belongs to LAST gene. In addi-
tion, this population continued to show signs of a recessive allele belonging to the ZFAT gene, increasing withers
height. Therefore, the kushum horse has a large stature, and tends to be suitable for long-distance travel.

Keywords: HMGA2, Kushum horses, LASPI and ZFAT gene, Kushum horses, stature.
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1. PAT VAN PE

Ngwa Kushum dugc gy tao & mién Tay
nuée Kazakhstan tir nam 1931 dén 1976 bang
cach lai gitta ngua dia phuong véi cac giéng
nhap nhu Trotter, Thoroughbred va Russian
Don (Dmitriez va Ernst, 1989). Gidng nay c6
khéi xac 16n, déo dai, thich nghi tét véi moi
truong dong ¢ nira sa mac, chung co vai trd
quan trong trong cong dong dia phuong nhu
gitp chan gia sac, dé ctru va phuc vu quan
d6i. Tuy nhién, dac diém di truyén phan tr
lién quan dén da dang ngoai hinh, thé chit, ...
chua dugc nghién ctu.

Ngua phuc vu con nguoi boi hoat
dong thé chat cta chung. Dudi ap luc chon
loc manh mé& trong thoi gian tién hoéa ngin
ctia chung, d dan dén sy dong nhit kiéu gen
trong cac ca thé, tuy nhién, van co su khac
biét dang ké gitra cac giéng ngua (Petersen
va cs., 2013). Ching mang dic diém riéng
biét lién quan dén hoat dong thé chét nhu
cdu tao co thé va kiéu dang van dong. Gan
day, co nhiéu nghién ctru da dang di truyén
phan tir trén ngua, bao gdbm cac nghién ctru
lién quan dén su anh huong rong 16n cia bd
gen (Petersen va cs., 2013). Két qua, da hinh
gen c6 lién quan chat chd dén thé chit, ciu
trac co thé va dac diém van dong & cac gidng
ngua khac nhau (Andersson va cs., 2012);
Makvandi-Nejad va cs., 2012; Signer-Hasler
va cs., 2012; Albertsdottir va cs., 2011). Tan
sudt alen cia cac gen khac nhau 16 rét giira
cac gidng ngua, nhu giéng dé cudi, dua va
kéo xe (Promerova va cs., 2014; Makvandi-
Nejad va cs., 2012; Petersen va cs., 2013).

Co s& di truyén bién ddi kich thudc
co thé ngwa di dugc nghién ciru boi Signer-
Hasler va cs. (2012) va Makvandi-Nejad
va ¢s. (2012), qua phén tich anh huong bén
locus HMGA2, ZFAT va LASPI va LCORL
giai thich 83% su bién doi kich thudc ¢ ngua.

Chi ti€u dai, rong va sau nguc tang dang
ké (13,2%). Kiéu gen CC ctia gen HMGA2
2.81481064 C > T tang kich thudc ¢ kiéu hinh
trudc va sau twong ung la 29,4 va 21,9% khi
so sanh véi kiéu gen TT, trong khi kiéu gen
TT tang diém chu vi dai than 6,9% (Sevane
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va cs., 2016). Dot bién diém tai HMGA2
c6 vai tro to 16n trong xac dinh chiéu cao &
ngua va nhiéu loai dong vat khac (Weedon
va cs., 2008; Boyko va cs., 2010). Da hinh
SNPg 81481064 C > Ttrong HMGA2 ¢6 1ién
quan chit ch& véi chiéu cao vai ¢ cac gidng
ngua khac nhau, alen 1an C ctia SNP nay gay
giam cao vai (Makvandi-Nejad va cs., 2012).

Gen LASPI va céc protein LIM va SH3
c6 lién quan sy phat trién ciia dong vat c6
xuong sdng, va co thé anh huong dén tam
voc dong vat. Trong d6, biéu hién gen LASPI
c6 thé anh huong dén su hinh thanh mé sun
va qua trinh biét hoa tao xuong (Joos va cs.,
2008; Hermann-Kleiter va cs., 2009; Lin va
cs., 2004). Ba hinh SNP ¢.23259732G > A
trong LASPI c6 lién quan chit ch& chiéu cao
vai & cac giong ngwa khac nhau (Junior va
cs., 2018). Dot bién (G>4) 6 gen LASPI thé
hién su khac biét Ve chidu cao cua dong vat,
alen 4 cho thay méi lién hé v6i ngua c6 tim
véc cao, trong khi alen G, ngay ca trong bénh
di hop tu, gay giam chiéu cao ¢ ngua Brazil.
Jun va cs (2014) nghién ctru trén ngya Mar-
wari va xac dinh LASPI 1a gen ung cu vién
cho tam véc.

Ngoai ra, gen ZFAT ma hoa protein
lién két voi DNA va c6 chic niang nhu mot
co quan diéu hoa phién ma lién quan dén qua
trinh ton tai va chét tw nhién cua té bao (Tsu-
noda va cs., 2010). Trong vung 74,795,013
dén 76,254,733 bp bao gdm gen ZFAT dugc
xac dinh la vung ung cu vién cho nghién
ctru chiéu cao vai & ngua. Gen ZFAT co6 lién
quan dén chiéu cao vai & mot s6 gidng ngua
(Makvandi-Nejad va cs., 2012; Signer-Hasler
va cs., 2012). Trong do6, dot bién diém SNP
g.75550059 C > T c6 lién quan chét ché voi
chidu cao vai ¢ cac gidng ngua khac nhau.
Alen lin T ciia SNP nay giy ting chiéu cao
cua vai (Makvandi-Nejad va cs., 2012). Hon
nira, Signer-Hasler va cs (2012) cho rang dot
bién diém SNP & ngua Fraches-Montagnes co
lién quan chit ché dén chiéu cao vai va cac
thanh phan co thé khac.

Trongnghién cttunay, da hinh SNP thudc
ba gen HMGA2 ¢.81481064 C > T, LASPI
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g8.23259732 G > A, va ZFAT g.75550059 C >
T lién quan dén tam voc duoc phan tich trén
22 ca thé ngua Kushum.

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

22 mau mau duge thu thip ngau nhién
tir quan thé ngwa Kushum & 2 viing Zhanibek
va Kaztalov, nudc Kazakhstan. Mau duoc lay
tir tinh mach ¢6 va trit trong 6ng chan khong
chira EDTA chéng dong. Tach chiét DNA
tir cac té bao bach cau duge thuc hién theo
phuong phap phenol - chloroform. Cac gen
chic nang nhu HMGA2, LASP1 va ZFAT da
dugc khuéch dai qua PCR bang cac cip moi
(Bang 1) va nhan dang kiéu gen bing PCR

- RFLP (Béang 3). Phan ing PCR dugc thuc
hién trong hdn hop 10 uL, gdbm 10 ng DNA,
0,2 uM mdi, 0,25 pmol / L dNTPs, dung dich
dém 2x PCR GoTaq DNA, 1 U Go 7Taqg DNA
polymerase (Toyobo, Osaka, Nhat Ban). Chu
trinh nhiét duoc trinh bay trong Bang 2. Sau
khi khuéch dai, cac san phém PCR va cac san
phim cit boi enzyme cat gidi han di duogc
dién di trong gel agarose 1,5%, dém TAE
(15 - 45 phut/ 75 - 135 V), nhuém mau bing
Gelred va quan sat bang UV transillumina-
tor. Tan sb alen va kiéu gen duoc tinh theo
nguyén ly can bang Hardy Weinberg (HWE),
dua trén su khac biét gitra cac gia tri duoc du
doan va phat hién (p=P + H/2, q=Q + H/2,
trong d6 p va q 1a tan suét alen.

Bang 1. Trinh ty doan moi, va enzyme cat gidi han

Gene Mbi (5’ - 3°) Kigh thwée san Nguf“)n
pham PCR (bp)*
HMGA?2 F: TGATTTCAGTGTTGCTTCTCT 246 Sevane va
R: TTTATGTTGTTATCTGCCTGTG cs. (2016)
LASPI F: ACACCCCAACACATACAACCC 177 Ty thiét ké
R: CAGGGGCATGTGCAGCTA
ZFAT R: GCAGAGACCCTTTGAGACC 389 Sevane va
R: GCACCATTTATGTTCCTTCA cs. (2016)
Bang 2. Chu trinh nhiét phan img PCR
Gene Buoc 1 Buoc 2 Buoc 3 Két thac
HMGA?2 95'C,10 phut ~ 95°C - 45 gidy; 58°C - 60 gidy; 72°C - 10 phuat 8°C - o
1 chu ky 720 C - 30 gidy; 35 chu ky 1 cycle 1 chu ky
LASPI 95°C,10 phut ~ 95°C - 45 gidy; 55°C - 30 gidy; 72°C - 10 phuat 8°C -
1 chu ky 72° C - 30 gidy; 35 chu ky 1 chu ky 1 chu ky
ZFAT 94'C,30 gidy  95°C - 30 gidy; 53°C - 60 gidy; 72°C - 10 phut 8°C - o0
1 chu ky 72°C - 30 gidy; 35 chu ky 1 chu ky 1 chu ky
Bang 3. Enzyme cit gidi han va xac dinh kiéu gen
Gene T.r l nh t}'r E-I?yme 1\1(1'1’1(136.Bt ggllin u Xic dinh kiéu
diém cat  gi6ihan O : gene
i (°C)
HMGA2 g.81481064  5...AC/  HpyCH4III 37 1gid T=247bp; C=137,
c>T GT..3 110 bp
LASPI g.23259732 5...C/ Acil 37 1gid G=48, 129bp;
G>4 CGC...3 A=177bp
ZFAT g.75550059 5...TG/ HpyCH4V 37 1gid T=267, 122bp;
c>T CA..3 C =389bp
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3. KET QUA VA THAO LUAN
3.1. Pa hinh gen HMGA2

Pa dang kiéu gen anh hudng tam
voc, kich thudc co thé ngua tir gen HMGA2
2.81481064 C > T da dugc phan tich trén 22
ca thé ngua Kushum. Két qua cho thay alen
lan C, gay giam chiéu cao vai, co tan sudt rat
thap (0,07). Nhu vy, quan thé nay co6 thé da
trai qua ap luc luya chon kiéu hinh cao lén
trong cong tac san loc ngua gidng.

Gen HMGA?2 gitt vai tro to lon trong
xac dinh chiéu cao ¢ ngua (Weedon va cs.,
2008; Boyko va cs., 2010). Dot bién diém
SNP g.81481064 C > T trong HMGA?2 c6 lién
quan chit ch& véi chiéu cao vai ¢ cac gidng
ngua khac nhau, alen 1an C ctia SNP nay gay

giam chiéu cao vai (Makvandi-Nejad va cs.,
2012). Sau @6, Frischknecht va cs. (2015) mo
tda SNP ¢.83 G > 4 (p.G28E) trong HMGA2
c6 lién quan chit ché vai chiéu cao vai ¢ ngua
Shetland va alen C ciia SNP nay co6 lién quan
dén giam chiéu cao vai.

Tir Bang 4, ta thiy c¢6 19/22 con ngua
Kushum c6 kiéu gen 77, 3 con mang kiéu gen
TC, khong c6 ca thé nao mang kiéu gen dong
hop tir 1an CC. Phan bé kiéu gen 77, TC va
CC o gen HMGA?2 tuong ung 86,4%, 13,6%
va 0%, tan suat alen lan C gy giam chiéu cao
vai 0,07. Nhu vay, quan thé ngua Kushum nay
mang kiéu gen troi kha dong nhat, c6 thé do két
qua qua trinh gy tao gidng di sang loc céc tinh
trang 1an gy giam chiéu cao vai trén ngua.

Béang 4. Phan bo kiéu gen va tan suat cac alen

Gen Phén b kiéu gen (n) Tén suét alen HWE"
HMGA?2 g.81481064 T Ic cc T C
0.12
c>r 19 3 0 0.93 0.07
LASPI g.23259732 GG GA AA G A NA
G>4 3 16 3 0.5 0.5
ZFAT g.75550059 cc e TT c T 0.55
C>T 16 6 0 0.86 0.14 '

"HWE: Gia tri Chi-square trong Hardy Weinberg Equilibrium

3.2. Da hinh gen LASPI

Két qua phan tich gen LASPI Bang 4
cho théy, su hién dién cua ba kiéu gen: GG,
GA va AA. Trong @6, tan suat xuat hién cao
nhat 1a kiéu gen G4 (16 con ngua, 72,8 %) va
thip nhét 1a GG va A4 (3 ngua, 13,6 %). Kiéu
gen GG, GA va AA & gen LASPI tuong Uing
1a 13,6%, 72,8% va 13,6%, tan suat alen lan
A gy tang tam voc ngua 12 0,5. Vay, quan thé
ngua nghién ctru mang nim muoi phan trim
gen 1an 4 ¢6 tiém ning ting tAm voc co thé.

Gen LASPI c6 thé hoat dong nhu mot
phan tr thlch ngh1 lién quan dén tin hiéu té
bao hoidc td chirc cau tric té bao xuwong. Gen
LASP1 va cac protein LIM va SH3 cua no
¢6 lién quan dén sy phét trién xwong & dong
vét co xuong song, va c6 thé anh huong dén
tam voc dong vat. Trong do, su biéu hién cua
LASPI c6 thé anh huong dén sy hinh thanh
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mo sun va qua trinh biét hoa xuong. (Joos va
cs., 2008; Hermann-Kleiter va cs., 2009; Lin
va cs., 2004).

Pa hinh SNP g.23259732 G > A trong
LASPI c¢6 lién quan chit ché voi chiéu cao
vai & cac gidng ngua khac nhau. Alen lin 4
cia SNP nay gifip ting chiéu cao vai ngua
(Makvandi-Nejad va cs., 2012). Sau do,
Kkét qua dugc xac nhan lai boi Junior va cs.,
(2018) 18], tac gia cho rang trong gen LASPI,
cac alen cia dot bién (G > 4) biéu hién su
khéc biét vé chiéu cao & dong vat. Alen 4 cho
thdy mdi lién hé voi ngua c6 tam voc cao 16n,
alen G c6 lién quan dén giam chiéu cao vai &
ngua Brazil va tac gia d& xuat SNP nay nhu
mdt chi thi phan tir nham danh gia chiéu cao
¢ ngua. Jun va cs. (2014) cling da danh gia
tam voc ngua Marwari va xac dinh LASPI 1a
gen (g ctr vién giam dinh tim véc ngya. Vay
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alen lan 4 = 0,5 cua gen LASPI g.23259732
G > A phan anh tiém ning tang kich thudc,
voc dang cua gibng ngwa Kushum nay.

3.3. Da hinh gen ZFAT

Phdn tich da hinh gen ZFAT Bang 4 cho
thd'y su hién dién cia ba kiéu gen: CC, TC, va
TT lan lwot la 72,7%, 27,3%, va 0%, tan sudt
alen lan T gdy tang chiéu cao vai la 0,14.

Gen ZFAT ¢6 lién quan dén chiéu cao
co thé & mét sé giong nguea. Trong do, da hinh
SNP g.75550059 C > T lién quan chat ché voi

123 4567 89M

e il il ol

chiéu cao vai & cdc giong ngira khdc nhau.
Alen Ign T ciia SNP nay cé lién quan dén ting
chiéu cao vai (Makvandi-Nejad va cs., 2012.
Hon nita, Signer-Hasler va cs (2012) cho
rang da hinh ving SNP g.74798143 A > G
thuoc gen ZFAT o nguwa Fraches-Montagnes
co lién quan chdt ché dén chiéu cao vai va
cdc thanh phan co thé khdc, alen lan lién
quan dén tiang chiéu cao vai. Nhie vdy, quan
thé nguwa Kushum nay c¢é dau hiéu mang alen
lin & gen ZFAT givip tang chiéu cao vai.

1 2 3 4 5 M

389 bp
267 bp
122 bp

Hinh 1. Kiéu gen HMGA2:
1,2,5(TC); 3,4,6,7,8,9(TT)

Hinh 2. Kiéu gen LASPI:
1,2,4,5,6,7,8,9,10,11,12,13
(GA); 3, 13(GG)

Giéng M: Thang DNA chuin
(1353, 1078, 872, 603, 310,
281, 271, 234, 194, 118, 72
bp). Giéng s6 1-9 lan luot
la san phim do enzyme
HpyCHAIII cit doan HMGA2
2f17bp khuyéch dai tir DNA

Giéng M: Thang DNA chuin
(1353, 1078, 872, 603, 310, 281,
271,234, 194,118, 72 bp). Giéng
s6 1-14 1an luot 13 san phdm do
enzyme Acil cit doan LASPI
177bp khuyéch dai tir DNA téng
s6 cia ngua thir 1-14.

Hinh 3. Kiéu gen
ZFAT:2,4,5(CC); I(TC); 3(TT)

Giéng M: Thang DNA chuin
(1353, 1078, 872, 603, 310, 281,
271,234, 194, 118, 72 bp). Giéng
s6 1-5 1an luot 1a san pham do
enzyme HpyCH4V cit doan ZFAT
389bp khuyéch dai tir DNA téng
s6 ctia ngua thir 1 - 5. Giéng 3, 5:

téng s6 ciia ngya thir 1 - 9.

4. KET LUAN

Quén thé ngya Kushum trong nghién
clru nay mang alen lin C, gdy giam chiéu cao
vai, thuoc gen HMGA2, co tan suat rat thap,
cho thdy quin thé ngua c6 thé da trai qua ap
luc lya chon tdm voc cao 16n trong qua trinh
gdy tao giébng moi, thé hién rd qua tan suét
xuit hién cao & alen lin 4, giy ting chiéu
cao vai ngua, thudc gen LASTI. Thém vao
d6, quan thé tiép tuc c6 ddu hiéu mang alen
lan thudc gen ZFAT, giup ting chiéu cao vai
ngua. Nhu vay, ngua kushum co tam voc cao
16n, ¢6 xu huéng thich hop di chuyén dudng

db6i chimg kiéu gen 1an luot 1a TT
va CC

dai va phu hop véi thuc t& khao sat ngoai
thue dia.
LOI CAM ON

Tran trong cam on cac thanh vién trong
Hoi cac Nha nghién Ctu vé Vat nudi Ban dia
da tham gia vao nghién ctru thuc dia ¢ cac nudce
Trung A. Nghién ciru nay dugc tai trg boi Hiép
hoi Phat trién Khoa hoc Nhat Ban (KAKENHI),
dac biét 1a Gido su Tetsuo Kunieda, Pai hoc
Khoa hoc Okayama, Nhat Ban.
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