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AW, BT TR BB BRI E R, KA SR REERIE. (%] Fs s diEs 1-FABP 3 H
AT PCR 488 94T T-A 3 Anill 7, 72 0k 354 b (# | RepeatMasker. DNAMAN4. 0. BioEdit4. 8. 10, Clustal W1. 81
YR BFRMRATIF I . LER]Y %4 A-FABP LA (B 7 NCBI BB, B 55 H DQ026674) 1 4 M &
TH3ANWET U, CDSFHl2KN 402 bp, AIARAIEERE A 1334, 4 MIET R/ANSEI A 73 bp. 173 bp.
102 bp 1 54 bp; 3ANWETANSAI K 3 460 bp. 1 892 bp Fu 1 495 bp; 7[\5’4%5?@/\%% FHR T 5 A
WOEAEARANE. HETRNETME LRSS, 5. LF. . A KR DR B, BT AZHHMERE.
Y4 H-FABP A 5|, EE R FI P th & 13, 07%. m/\%l/\ﬁs/\iﬁfu{# @%ﬁl/\SINE/Amodactyls
JofE. 1 /N SINE/MIR3 T, 14N SINE/Bov-tAl TfEFu 2 A~ SINE/MIR TofE; WA F U EEL ol WAFIIA 3
ANEL T, Hb SINE/MIR jof. LINE/L2 ufF. SINE/Artiodactyls jofE4& 1 A, SINEs 48 &£ )5 5B & th&
H 11, 85%, HIL M 0Bk A F 5 MIRs L3 K 6. 44%, LINEs i th 2= 4 1. 22%, /N-T SINEs o, H o, LINEL,
BovB/Art2. L3/CR1 B4 mfF LUK LTR % R 3% nEfo DNA # )8 F o 4 2 A E RS b . A B A0k e
EZEE RS RXZERF A AEAR T EHRENRTE, B4 554, BF. LF . A AR DR
2. B A M P H—FABP 3£ B R X AL 85 5| _EIF JBE I AN 2 % 99. 8%, 97. 8%. 97. 0%. 92.8%. 88. 8%,
83.3%. 83.1%. 76.4%. 68.7%; 8K EAILER)T H A IEME A/N K 100%. 96. 9%, 96. 9%, 92. 4%. 88.7%h. 85. 7%,
85.7%. 77.4%. 69.9%. [Z Y44 A-FABPEFE W AN E TR IANE TR, HFAETFI BT, 4
BFI A48 FIVA/NSFH 73 bp. 173 bp. 102 bp #1254 bp, WA T 1. WA F U ARETF I AN5] Y 3460
bp. 1892 bp fn 1 495 bp, HAZKFARBEHRANFENELF I AGENETENEGTHEERF T EER
WREARAE. BEE5EES. BF. LF B A KR AR 8. D& 9 NYIE A-FABP I H YR
XZEBRKAERTI ARG RTE.
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Abstract: [Objective] The yak heart fatty acid-binding protein (H-FABP) gene was cloned and sequenced. This was then
compared to the deduced amino acid sequence with the homologous H-FABP gene. It was also compared with the protein sequence

of the H-FABPs in other species (including cow, sheep, goats, pigs, human, rats, mice, chicks and zebra-fish) retrieved from the
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GenBank . These comparisons were performed in order to provide a theoretical foundation for further research of the correlation of
yak H-FABP gene and meat quality, molecular breeding, location and expression. [Method] The yak H-FABP gene was amplified
using particular primers, cloned by T-A method and sequenced, based on this the nucleotide and amino acid sequences among
different species were compared and analyzed by RepeatMasker. DNAMANA4.0. BioEdit4.8.10. Clustal W1.81 i.e, bio-softs.[ Result]
The number of exons and introns of yak H-FABP gene (GenBank Accession No: DQ026674) were as same as those in cow, sheep,
goats, pigs, human, rats, mice, chicks and zebra-fish. They had 4 exons and 3 introns. The size of CDS sequence of the yak H-FABP
gene, encoding 133 amino acid, was 402 bp. The size of exon I, exon II, exonlIl and exonIV was 73 bp, 173 bp, 102 bp and 54 bp
respectively; while the size of intron I, intronIland intronlll was 3 460 bp, 1 892 bp and 1 495 bp respectively. The junction
sequence of exons and introns of yak H-FABP gene was in accordance with the law of gene composition. The rate of the repetitive
sequence was 13.07% in the nucleotide sequence of yak H-FABP gene. Five repetitive elements were found in the intron [ , including
a SINE/Artiodactyls element, a SINE/MIR3 element, a SINE/Bov-tA1l element and two SINE/MIR elements. No repetitive element
was found in intron Il . Three repetitive elements were found in intron3, including a SINE/MIR element, a LINE/L2 element and a
SINE/Artiodactyls element. The rate of the repetitive sequence was 11.85% for SINEs, 6.44% for MIRs and 1.22% for LINEs
respectively. In addition, LINE1, BovB/Art2, L3/CR1 repetitive elements, LTR anti-transcription element and DNA transposing
element were not found in this sequence. The nucleotide sequence of the coding region and deduced amino-acid sequences among
different species were quite conservative. The homology rates of nucleotide sequences of the coding region of H-FABP gene between
the yak and cow, sheep, goat, pig, human, rat, mouse, chick and zebra-fish were 99.8%, 97.8%, 97.0%, 92.8%, 88.8%, 83.3%, 83.1%,
76.4%, 68.7% respectively, while the homology rates of amino-acid sequences were 100%, 96.9%, 96.9%, 92.4%, 88.7%, 85.7%, 85.7%,
77.4%, 69.9% respectively. [Conclusion] The yak H-FABP gene had 4 exons and 3 introns. The size of CDS sequence of the yak
H-FABP gene, encoding 133 amino-acid, was 402 bp. The size of exon I, exon I, exonlIl and exonlV was 73 bp, 173 bp, 102 bp
and 54 bp respectively; while the size of intron I, intron Il and intronlIl was 3 460 bp, 1 892 bp and 1 495 bp respectively. There
were many repetitive elements in the nucleotide sequence of yak H-FABP gene, and the junction sequence of exons and introns was
accordance with the law of gene composition. The nucleotide sequences of the coding region and deduced amino acid sequences
between yak and cow, sheep, goats, pigs, human, rats, mice, chicks and zebra-fish were quite conservative.
Key words: Yak; H-FABP gene; Cloning; Sequence analysis
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[ABEFE I 25 SC RO IR T IR 455 45 11 (heart
fatty acid-binding protein, H-FABP) J&—F &/ 1
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Wi ERFIZLIR P RIL . HET, X ZFE S
KW, H-FABP DA WAE A5 m & e LA e 7 & A
VAL TR ) ot DRI A8 210 5 e Ji A L LE 46
(il Wy X “Reg 7 AR, 2 “4xhg”
KU, SRR SR BT s 2 R, 2
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AT IR — o a0 H SR D e PR R e
GC, A RE I AR AR D 5 L P TR IR A G
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Mgl [ar ABHFCEe] a7, CAZMEEM
H-FABP JEPB ARGk e b RE Ar, JdT T 2850
JULPY I 7 45 R AR 2 0 BT o Gerbens 25UVl ik 15 A
H-FABP cDNA WEIHBEARAZ, 53 B T 5% H-FABP %t
DRI A W TR AR, B2 T % H-FABP JEDH (1 25 R RFAE T

J& (BFT) (1EHHAT TG/ HT, 3R WA ] 3 PRl 7Y
HEHWA N & & (IMF) W2 15%, Hrefs
14 aa/dd/HH 5L IR 2 & (IMF) 4557, Zhang
20 KB H-FABP SERHEAT T 5 B R 51 45 4 4y
Br, RIAKK H-FABP JEH 4 MME TR 3 AN
THG Lty 133 ADNEEER, I TR AR AT
(FISH) AR HEM T 5936, Calvo Z5HER A HEN
WA R RN H-FABP JEDIBEAT T va e f e
PiF 2 5 YA bRid CSRD2115 5 BM2113 2 Ji,
TEXF 4 NGRE R (Ovis aries) FIRKYNEE 354€ (Mouflon)
2E(8) H-FABP 3L R &M 1 TLARTA 2 FI1L 4% K B — SNPs
2 AT e F IS SRR H-FABP 3N 41 51 11163
bp FAVHEAT T e BRI LU AT, IR %0t
K741 [l 68%, Northern 248 4 WA XS 1% 3 A
RN Rk . RIS H-FABP SR &
T 17T PCR-RFLP 40#7, KIL—4 Haelll-RFLP
Lo AEF e/ IR AU A R AR I X AN ] 4y
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TR I i DA RSN AR [R] PRI it SR B AT AR SRR PR
ZE s i E MRS, I H-FABP JEDIH 1 h 5547
FEDN, JUSLZ hh 25 B DS R0 A R U BY ) A R
Km0 o CARBFFE DI i X 38 24 AR 2 R 2k
NEAMTIFFE CLAT — LR M (R R T EIR A
50, H AT S BT LA 2L R A A AT (i el >,
X H: PR B AR AT G T i ik DR () 9T 1L P 70 o R AL A
T8 LU B () S B 1) f80 IS 5 A8 6 U e 2 H-FABP
FENFERE . PR B, 455 GenBank H IS 1
b1 SN E SN TTE SN/ NN AP AN LU - A
EFY P N BE DR R AT T R A s 43 BUHA
W2 FF REHE: H-FABP FE [R5 2L AT EIR 1A 56 2
B, AT AR A Bk R e . RIALLAE
45 e Phin KRG TR AL — e 1R LAl
1 RS
11 iRIE a4 R MAER &R

TR U R A R JURE A (2 k), SI0EH KR 1
TUAr RS =, 20 CIRIE&H .
1.2 BEgFnikF

TR ST RS . B2 1R K EDTA., Tris-Base.

IR IPTG. X-gal. % 7% . DNA Marker 2000
J-EcoT141digest. Ziflg ;. ExTaqg DNA %41 (250U0)
SEW HKIET (TakaRa) AW TREH R AT M
ISR I 11 Omega A 75 /N TR S BRI &
I H Promega /A ) o
1.3 EHRFARRLE K

E.coli IM109 1 #R R AL mr R AT IR A w3243
pMDI8-T Vector (T-# Ak, 50 pgul™) A K&ES

(TakaRa) W) THEARAF

1.4 E[F%H DNA RY$ZEX

e ML A 41 DNA FRHIBCR I -3 07 S i
FRE,
1.5 SRRt SRR

S0l H-FABP %:I5 ¢DNA J¥%1 (GenBank
Accession No:X12710) M 4%F H-FABP ZEN R4 741

(GenBank Accession No:AY 157617 Fll AY156516),

N 5% VA primer premier 5.0 Oligo 6.0 % il
3XGIM (R 1), A3 %5514 B 1) B AME A
B, HIRWTREALS )41 3 Al T3 30 A A4 -2 56
TRAF XA, AT DR IE e 5 R 56 4 9F e 49 2 4E
H-FABP KPR T v Bt o

R RY H-FABPEREY S| R IEERE

Tablel Primers and the respective size of amplified DNA fragment of the H-FABP gene in the yak

R 519 P HEE (DL 4 cDNA P51 2 1])

Number Primers Amplified DNA fragment size (take the cDNA sequence of cow H-FABP
gene as reference)

1% iiF51% (PF) : 5 TCTCTGTCGTCTTTCCCAACCS' M 1nt ) 278nt(CAFIZEEE 5B FI). B R T H—AE

No.1 Forward primer : 5 TCTCTGTCGTCTTTCCCAACC3’ TR AN TR P A)

514 (PR) : 5 CATCTGCTGTGGTCTCATCG3'

Reverse primer: 5" CATCTGCTGTGGTCTCATCG3’
2% E3#E514% (PF) : S’GGTTTTGCTACCAGGCAGGT3'
Forward primer: 5' GGTTTTGCTACCAGGCAGGT3'
U514 (PR) : 5" GTCCATTCCACTTCTGCAC3'
Reverse primer: 5" GTCCATTCCACTTCTGCAC3’
3% L5114 (PF) : 5 GTGCAGAAGTGGAATGGACA3'
Forward primer : 5" G TGCAGAAGTGGAATGGACA3’
U514 (PR) : 5 AAAATGAGGCAATCTGGTGC3'
Reverse primer: 5" AAAATGAGGCAATCTGGTGC3'

From 11nt to 278nt(include the partial 5'-flanking region, exonl, intronl and
partial exon Il sequence)

M 1250t F 347nt(RAEH AN TR FA). B NG TR = AN T
s 27)

From 125nt to 347nt(include partial exonll, intronll and partial exonlIIl
sequence)

M 329nt Bl 523nt(LHE S =AM R T HENE . AN R T
3 FEX S P51

From 329nt to 523nt(include partial exonlll, intronllIl, exonlIV and partial 3'-
flanking region sequence)

SIRRRE OO LTI ) B0y, R
wBaliK, AWK A 20pmol-ult. 7N R 1~2
min, -20°CLRA7&H .

1.6 44 H-FABPEL[EIHY PCR ¥ 18

514 1: PCR Je NAE 25 pl AR R HET: 10xExTaq
Buffer (Mg*'Free) 2.5 ul, MgCl, (25 mmol-L™) 1.5 pl,
dNTP (2.5 mmol-L™") 2 pl, L3514 (10 pmol-L™) 1

ul, R34 (10 pmol-L ™) 1 pl, #ik DNA (25 ng-ul™)
1 ul, ExTaqi§ (5U-pl™") 0.6 ul, 484K 15.4 pl.
PCR §344% DL PR HEAT: 94 CHIAEME: 4 min;
94°CAZ M 1 min, 57.5°CiE/K 1 min, 72°C ZE{H 4 min,
35 MEI; EehG 72°CIEM S ming 4°CIRAE. =Y
1%B RS HL VK, BB 40 I B AR R Gkl -
514 2: PCR J WAE 25 pl AR R AT : 10xExTaq
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Buffer (Mg”'Free) 2.5 ul, MgCl, (25 mmol-L™") 1.5 pl,
dNTP (2.5mmol-L™) 2 pl, 3514 (10pmol-L™") 1 ul,
RS (10 pmol- L) 1 pl, B DNA (25 ngul™)
1 ul, Ex Taq @ (5U-pl™) 0.5 ul, #B4lK 15.5 pl.

PCR " 344% DL F AT HEAT: 94°CHIAEME 4 min;
94°CA% M 1 min, 54°CiB‘K 1 min, 72°CZf¥ 2 min,
30 MEH; EeJG 72°CIEM 5 ming 4°CIRAE. =Y
1%I T HL vk, EB Y0 0 B AR R Gkl -

514 3: PCR Je NAE 25 pl AR R HET: 10xExTaq
Buffer (Mg”'Free) 2.5 ul, MgCl, (25 mmol-L™") 1.4 pl,
dNTP (2.5 mmol-L™") 2 pl, L3514 (10 pmol-L™) 1
ul, FIES 14 (10 pmol- L ™) 1 pl, Bkt DNA (25ng-ul™)
1 ul, ExTaq§ (5U-pl'") 0.6 ul, #B2lK 15.5 pl.

PCR " ¥44% DL F AT HEAT: 94 CHIAEME 4 min;
94°CAEE 1 min, 56.5°CiB/K 1 min, 72°C#EH 2 min,
35 MEH; EeG 72°CIEM 5 ming 4°CIRAE. P
1.5%E e MR Fe vk, EB Yo 3 T B IR B8 R Giker
I
1.7 %4 H-FABP E [ PCR FEI R e b

W H-FABP 3[R PCR 7242 /N i a0
TR U B AT R R Al Ak, eI H v B
pMDI18-T # AT 16°ClHEd 4 8+ XV IiEH: 10 h;
VERE AR E.coli IM109 JE52 2545 L 1
F%: P EBORATAE S X-Gal &Y. IPTG 5S4 1
ANHHZR (Amp) A LB Pk b, FIHE A5
B AE PRI s FOK A 25 T 7%
fEEE TR R (Amp) [ LB i AE SR IE R
FBUTRL, KM EA kLR PCR LT 4%
€, LAER v B ) o
1.8 MFE. FIEESH

F A5 I BH AL PRI ABI-100 844 [ 3))
DNA Wl SUEFH M13 38 H 5149 LA s | 47l
B, DRSS 5 1) DNAMANA4.0 ZE W) A 3E AT HH%45 21
HIFS . %624 H-FABP JEIN )74 45k T8 it 5
GenBank WA 407F . FESEYIPIAR BB P41 1)
EE o6 a3 B E AT B T s B AW 4 Al ol
RepeatMasker ( http://woody.embl-heidelberg.de/repea
tmask/) FEZEHTHKATF5EG; 5 GenBank LW
(1) 7 41 L #2 4> #t th DNAMAN4.0. BioEdit4.8.10
Clustal W1.81 S5 £ AF K P H b AT 26 T H A

(http://www.bio-soft.net/sms/index. html) Z#H18 M 5¢

Jo

2 HRE5SH
2.1 4%4 H-FABP E[F HY PCR ¥ 18

Z M DNA 4y FabrifE. S5l4 H-FABP JEH
cDNA J/#%1] (GenBank Accession No:X12710). 432
H-FABP %t [X ¥ 43 J¥ %1 ( GenBank Accession
No:AY 156516, AY157617) KMIF&55, 541 (D
5191 1 PCR § 14729 KNk 3 728 bp (] 1), fLHRAE
|- H-FABP 3£ 5" 3 X 5840 741 (36 bp) 25 1 4b
BT (73bp)s 21 WET (3460 bp) FIEE 2 AET
P (159 bp)s (2) 514 2 PCR § 387~ K/ Ky
2 115 bp (2>, QIEEA H-FABP JEINES 2 M1
P (168 bp). 22 W (1 892 bp) A% 3
AR R4 (55 bp)s (3) 514 3 PCR 9 #7=4)
KA1 690 bp (Kl 3), BFRFEA: H-FABP JER 2 3
HNE IR A (66 bp)y £ 3 AT (1495 bp).
HVUSMNEF (54 bp) F3-E X 53741 (75 bp).e
2.2 44 H-FABPEREEBAFRILTE

FIH W BB AR F IRV E K NS
X-Gal Ji&¥). IPTG WA N H 5% (Amp") [1)[H]
% LB PR BRI AR — s, AR N HHER
(Amp") ] LB WAAR IR 8532 3R BUTURL, 442
E P H A JIOR B R SR B R I PCROVETE 4] 7 %55 (
Ao AFTIRRSEDIW 1y 24 3 %08 TURE R BH I TR0
1T PCR Y™, MVk& R ER, SHIMEM B 45
W&t R — 2D UE B H W B O e B e o

3728 bp —

N kit 2-EcoT141 digest: 1~7 Uk k514 1 PCR 4, K/ 3 728
bp

N. Molecular weight standard A-EcoT14I digest; 1-7. PCR products with
primer 1, the size is 3 728 bp

1 31491 PCR P=#IHY 1% IRARHEEEAR FL ik E
Fig. 1 PCR products with primer 1 on 1% agrose gel
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M I 2 3 4 5N

2115bp

M ki85 DNA Marker 2000; N JKi 4 2-EcoT14I digest; 1~5 K4 51
) 2 PCR =4, K/N42R 2 115 bp

M. Molecular weight standard Marker 2000; N. Molecular weight standard
A-EcoT14I digest; 1-5. PCR products with premier 2, the size is 2 115 bp

2 31412 PCR =Y 1% InBEHEEAL B Ik E
Fig.2 PCR products with primer 2 on 1% agrose gel

1 690 bp

N ¥Kiti ) DNA Marker 2000, H NI _E43 %125 2 000 bp 1 000 bp~750 bp-
500 bp~ 250 bp. 100 bp; 7 ¥ki&H A-EcoT14l digest, [ Fifi Lok
19329 bp. 7 743 bp. 6223 bp. 4254 bp. 3472 bp. 2 690 bp. 1 882 bp.
1489 bp. 925 bp. 421 bp. 74 bp; 1~6 kil A T4 3 PCR 7“4, K/
231690 bp

N. Molecular weight standard Marker 2000, the size is 2 000 bp, 1 000 bp,
750 bp, 500 bp, 250 bp, 100 bp from down to up respectively; 7:Molecular
weight standard 1-EcoT 141 digest , the size is 19 329 bp, 7 743 bp, 6 223 bp,
4 254 bp, 3 472 bp, 2 690 bp, 1 882 bp, 1 489 bp, 925 bp, 421 bp, 74 bp
from down to up respectively; 1-6. PCR products with primer 3, the size is 1
690 bp

3 5I¥13 PCRF=4IAY 1. 5% ImBEHE LS F ik E
Fig.3 PCR products with primer 3 on 1.5% agrose gel

2.3 4E4 H-FABP EERYLEH

W HEd H-FABP SR 3 el Bt G 5
Wi F H-FABP #:[X cDNA J¥51. 412 H-FABP F£[A
W EHILL KN H-FABP JENEBy¥% (GenBank
Accession No:Y16180) [ LLXf4r b2 T 4E4F
H-FABP RSN R RN & 770 LA, 85318

1690 bp
2115 bp

3728 bp

M JKilihy A-EcoT141 digest; 2,6 VK A B PEX ;1,5 Wkidi A 514 2 Tk
PCR ¥, K/Nh 2 115 bp; 3,7 JKIE N 514 1 W PCR 74, K/ 3 728
bp: 4 UKIENTIY) 3 HH PCR 4, K/ 1690 bp

M. Molecular weight standard A-EcoT14I digest; 2, 6. PCR without template;
1, 5. PCR amplification with primer 2 and transformed bacteria as template,
the size is 2115bp; 3,7. PCR amplification with primer 1 and transformed
bacteria as template, the size is 3728bp; 4. PCR amplification with primer3
and transformed bacteria as template, the size is 1 690 bp

4 5 H-FABPEE 3 FEREHETETE

Fig. 4 Identification of recombinant plasmids on the three

amplified fragments of yak H-FABP gene by PCR

N, EPEBEMMEY H-FABP JED 7 360 bp F4
(GenBank Accession No:DQ026674) 1, A FE4ES1%
FERI A A T RN B 77 51 ARG 43 5 31X
3R X P FEAZIE RSN T T RPN 72
RN = NNTTE N N NN N = NIV -~ AN I - (A )
FWPARR, L H 4 ADNINE TR 3 AW T AR
o, 4 NAMET RN 73 bp. 173 bps 102 bp
Al 54 bp, HMET 1 BWEEIBFEN T ATG, M-IV
THEIEW T TGA:; AET 1. A TIMAST
LA/ 5124 3 460 bp. 1 892 bp Al 1 495 bp. 1ifi ]
BioEdit “EM# A e H-FABP 3£Xl mRNA F¢ 413k
TS, RIOVEMHFEN T AUG i (B S-J5 1) 1
53 MR A NRENS (A1-3A), EIRTE AUG JATH
HIRZ TR P 4 S s (EI+4G), XA 5 “Kozak
740" (Bl A/GNNAUGG) $FE—2, W5 KRZHE
AR IR S 1 P A I 5 M RFAE (P ANNAUGN
I GNNAUGPw) —#. gEX bl k5 He%
ANIFIEER PN I LU b, HEDREZ: H-FABP 3£
CDS #4114 Kh 402 bp, ARSI LN 133 Mt
.
WREREA S0E M 3 MIRZIEIR AN B A
W& TR P AT LU b, R SR, He4h
PPN T 5 N T I8 56 A AR
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ok W R

M-3R A 2257, (HERIUEBS IR IE, 3 M)
FANE 555 5 T IE B AR P SR AS |5 T3 (1

A —US, Bl AR F/GTPUAG W& FRIN G+

PyPyPyNCAG/N (5 2).

x2 BYE. BFE. B HABPERNETFAL FERZLFINDHF

Table 2 Comparison of junction sequences of exons and introns of the H-FABP gene between yak and sheep, pig

AT HEA: Yak 47=f Sheep ¥ Pig
Exon 5" ffEAL A 3P A 5P 3P A 5P 3-PHES AT
5'-splicing donor 3'-splicing acceptor 5'-splicing donor 3’-splicing acceptor 5'-splicing 3'-splicing
site site site site donor site acceptor site
1 TTCACC/atggtg cactcg/ GTGAGG TTCACC/atggtg cactcg/ GTGAGG CTCACC/atggtg caattg/ GTGAGG
2 CCTCAG/gtgtcg gtcaag/GTGAGT CCTCAG/gtgtcg gtcaag/GTGAGT CCTCAG/gtgtgg gtcaag/ GTGAGT
3 CCACAG/tccate attctg/ GTAAGA CCACAG/tccate attctg/ GTAAGA CCACAG tccatt atcctg/GTAAGA
4 TTCCAG/acactc geatga/CCTGCC TTCCAG/acactc geatga/CCTGCC TTCCAG/acactc geatga/CCTGCC

{4 FH| RepeatMasker 7 £& 73 BT #A4 0 FE A= 1% 5L N 7
ST FA 08T, S5 REKW, Rz Py,
FEEFVFTE LR 13.07%. N T 1565 MEE
JofE, 4% 1 A SINE/Artiodactyls 7TfF. 1 4
SINE/MIR3 7off:. 1 4> SINE/Bov-tAl JofHF1 2 4
SINE/MIR Joff; #EW 7 IR 3E R E R o f47
16 WEFIAE 3 NMESJTiE, B SINE/MIR Joff
LINE/L2 Joff. SINE/Artiodactyls 7TfF%& 1 4. wfk
1M, SINEs % HEFHIPT i LEZh 11.85%, WiFLs)
Y HPEE LTS MIRs LKy 6.44%; LINEs (55
LINE1. LINE2. BovB/Art2 LA & L3/CR1 Kk, "€
f7EEZ /N T SINEs T, A 1.22%; HAEHEA 10k
XA &L LINE1. BovB/Art2. L3/CR1 X

TCAF LA LTR 28 [ s JoF T DNA e a1 oot
2.4 HEES5HTINE H-FABP BEERILXLEERF

HI LB S R

F DNAMAN “EW84F, ¥4E24: H-FABP K54
IR X 741 5 GenBank H #4485 2E . LR,
W N KB MR XS BEE 9 AR N BE A
AT Rt (B 5D, TR R IR 51
BRI R RN (3R 3). 50 H-FABP LR 4afid X
BRI HI LR 2 R, SR S5l 4976, 1l
ESNE NN N NN N N (22 <Rl S I i
PRI 5 99.8%. 97.8% 97.0%- 92.8%-. 88.8%.-
83.3%. 83.1%. 76.4%. 68.7%.

HEF Yak ATGGTGGACGCCTTCGTGGGTACCTGGAAGTTAGTGGACAGCAAGAATTTCGATGACTAC 60
4 Cow 60
#°F Sheep 60
1% Goat 60
¥ Pig c—c¢ c 60
A Human t———c———¢ ¢ 60
Kl Rat —c t—c c t 60
/N Mouse —c t—c c t 60
A Chick a——g c c-g t-cggee g—— 60
B4t Zebra-fish -———ca——t—ta—c—c—g————c——gaa——g———————————————— g 60

B4 Yak ATGAAGTCACTCGGTGTCGGTTTTGCTACCAGGCAGGTGGGCAATATGACCAAGCCTACC 120
W Cow 120
4i2F Sheep ¢ 120
112£ Goat C a 120
¥ Pig a-t g c——c 120
A\ Human g c—gc 120
Kl Rat g——c a c—ct-ge e 120
/N Mouse g—c ct—gc t 120
% Chick ——————g-gt-g—g—g—c————c—————————a———c—ggcc——————— a——c——— 120
PELyff Zebra-fish agg-a-t t—c c——ge—t——a—t-c a——c——a 120

- Yak

ACAATCATCGAAGTGAATGGGGACACAGTCATCATAAAAACACAAAGCACCTTCAAGAAC 180
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W Cow 180
2447 Sheep 180
1% Goat t 180
¥ Pig a g 180
A Human aa tte———c—c c 180
Kl Rat t——gaa t——ca-——c g c—t 180
/N Mouse -—c gaa——c t——ta———c g t 180
¥ Chick ——¢m—mm g———g————c————ag-cg-cgg-g—g—Cc—t—————————————— 180
B Yth Zebra-fish ——c————— tccaa—g-g—t-——gttt——cac—t cgte t atc— 180
HEF Yak ACAGAGATCAGCTTCAAGCTGGGAGTCGAGTTCGATGAGACCACAGCAGATGACAGGAAA 240
W Cow 240
42F Sheep g 240
112£ Goat g 240
¥ Pig g t a g 240
A Human ~ —————— t—t-——g—g a g 240
K Rat te a t—c———gt g 240
/IR Mouse a———tc a-a c——gtg c——¢g 240
¥ Chick at-ag g——c c-t 240
BE 4t Zebra-fish a at a ag t c-a 240
B4 Yak GTCAAGTCCATCGTGACGCTGGATGGCGGCAAACTTGTCCACGTGCAGAAGTGGAATGGA 300
WA Cow 300
#3°F Sheep a 300
1I2E Goat a a 300
W Pig t a a C 300
A Human t a a——g t—c¢ a———g-c——g 300
KE Rat gg a c—a g t g—c—g 300
/N Mouse ac—g c—a ca————t———————————— c—g 300
¥ Chick t-g——c-a——a a g—g g—¢g 300
P Lhffi Zebra-fish tg-ta—a—tt-a a——g——gt-gt-g—t—t———a——g-—c—t 300
B4 Yak CAAGAGACATCACTTGTGCGGGAAATGGTTGACGGGAAACTCATTCTGACACTCACCCAT 360
il Cow g 360
43 Sheep a——g 360
112¢ Goat a 360
Z»ﬁ Pig a-g t c—a t C 360
A Human ca gc-aa t—-a c ¢ 360
Kl Rat g ta-g———aca—————— c-aag——t c t 360
/B Mouse g a————aacta gc—a c t t— 360
¥ Chick a-g g—a gc——aag—t gt-g t atg 360
P Lyf Zebra-fish a————— ga-c——gc————a———g-cag————aat——c———c——— gt-g——a—t- 360
HEE Yak GGCACTGCAGTTTGCACTCGTACTTACGAGAAACAGGCATGA 402
W4 Cow 402
4h2f Sheep ————g———g——C g 402
112 Goat ————g——g—¢ g 402
¥ Pig —g c g 402
A\ Human c t g 402
KEL Rat a—-tg——ga g gg———g 402
/IR Mouse ————g——tg—ga g t gg———g——— 402
¥ Chick ————ac—tg-——c-c———c——c——c——t-————ggcat———ag 402
Ly ft Zebra-fish ———gacatc——c-c———a——acac————-t———-gca—a——a— 402

5 4&45 9 MIFh H-FABP BERLEBRF ML X % 75X L HES

Fig. 5 Alignment of nucleotide sequences of encoding region of H-FABP gene between yaks and 9 species
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Table 3 Homology of nucleotide sequences of encoding region of H-FABP gene between yaks and 9 species (%)

Wrh ¥er A FES th= 4 A PN 7N o K
Species Yak Cow Sheep Goat Pig Human Rat Mouse Chick Zebra-fish
¥R Yak 100

WA Cow 99.8 100

%% Sheep 97.8 97.5 100

17 Goat 97.0 96.8 98.8 100

¥ Pig 92.8 92.5 93.5 92.8 100

A\ Human 88.8 89.1 89.1 88.3 91.3 100

K Rat 83.3 83.1 84.6 84.3 85.6 84.8 100

/M Mouse 83.1 83.3 84.1 83.3 84.3 83.6 91.8 100

¥ Chick 76.4 76.6 77.1 76.9 76.9 76.4 74.4 73.4 100

By £ Zebra-fish 68.7 68.4 68.9 68.9 68.7 70.1 67.9 66.7 68.2 100

2.5 4 5HTF H-FABP SIEERFE LS

A BioEdit AWHRAFXIRE S KA 4R
1T SN TN/ NN NI Y AN N 7 R R O (e 7/

H-FABP J:WH9aft X @5 34T AR 74 #E S, H
Clustal W =W 4T 2 P55 Ar e8] (B 6)

HH SRR 7 HI A YRR/ (R 4) o 45
REW, $E4 54 H-FABP R0 7 41 0] [R] Y5 Pk
e, M 100%. S45E IERVETEEA 96.9%; L
Wi~ NGk 92.4% 88.7%; 5K /N AR 85.7%:;
55X, BEE a0 77.4%. 69.9%.

MKSLGVGFAT
MKSLGVGFAT
MKSLGVGFAT
MKSLGVGFAT
MKS /GVGFAT
MKSLGVGFAT
MKSLGVGFAT
MKSLGVGFAT
MKALGVGFAT

RQVGNMTKPT
RQVGNMTKPT
RQVANMTKPT
RQVANMTKPT
RQVANMTKPT
RQVASMTKPT
RQVASMTKPT
RQVASMTKPT
RQMAGLTKPT

TITEVNGDTV ITKTQSTFKN TEISFKLGVE
TITEVNGDTV ITKTQSTFKN TEISFKLGVE
TITEVNGDTV IIKTQSTFKN TEISFKLGVE
TIIEVNGDTV IIKTQSTFKN TEISFKLGVE
TIIEVNGDT / ITKTQSTFKS TEISFKLGVE
TIIEANGD /L T7IKTHSTFKN TEISFKLGVE
TITEANGDT/ 7IKT/STFKN TEISFELGVE
TITEANGDT 7 7TKTQSTFKN TETAFELG/E
TITEVZGDAA TWKTASTFKN TEISFKLDEE

Byt Zebra-fish MADAF JGTWN LAESKNFDEY MKGIGVGFAT RQVANMTKPT TITSAAGD VF TIKT ISTFKS TEIAFKLGZE 70

HEF Yak MVDAFVGTWK LVDSKNFDDY
w2 Cow MVDAFVGTWK LVDSKNFDDY
Z7F Sheep MVDAFVGTWK LVDSKNFDDY
L= Goat MVDAFVGTWK LVDSKNFDDY
¥ Pig MVDAFAGTWK LVDSKNFDDY
A Human MVDAFZGTWK LVDSKNFDDY
K Rat MADAFVGTWK LVDSKNFDDY
/N Mouse MADAFVGTWK LVDSKNFDDY
X Chick MVZAFVGTWK LVD 7ANFDEY

k0 okk okkk Xk skekk %k
HEF Yak FDETTADDRK VKSIVTLDGG
w2 Cow FDETTADDRK VKSIVTLDGG
47 Sheep FDETTADDRK VKSIVTLDGG
L= Goat FDETTADDRK VKSIVTLDGG
¥ Pig FDETTADDRK VKSIVTLDGG
A Human FDETTADDRK VKSIVTLDGG
K Rat FDE I'TADDRK VKS WTLDGG
/N Mouse FDE 'TADDRK  VKSZVTLDGG
A Chick FDETTADDR// VKSZVALDGG

Kk skskekokoksk
KLVHVQKWNG
KLVHVQKWNG
KLVHVQKWNG
KLVHVQKWNG
KLVHZQKWNG
KLVHZQKW2G
KLVHVQKWZG
KL ZHVQKWNG
KLVHVQKWZG

Kk skekokok
QETSLVREMV
QETSLVREMV
QETSLVRE ZV
QETSLVRE 7V

QET7LVRELV

kekek
DGKLILTLTH GTAVCTRTYE KQA
DGKLILTLTH GTAVCTRTYE KQA
DGKLILTLTH GSAVCTRTYE KZA
DGKLILTLTH GSAVCTRTYE KZA
DGKLILTLTH GSAVCTRTYE KZA

$ok ok kkkk olkk ok % X
133
133
133
133

133

QET7LVREZ/ DGKLILTLTH GTAVCTRTYE
QET7L7RELS DGKLILTLTH GAVWSTRTYE

KZA
KZA

133
133

QET7L7RELV

DGKLILTLTH GSWSTRTYE KZA 133

AETSLVRELA DGKLILTLTH GNWSTRTYE

K4S 133

Bt HyfZebra-fish FDETTADDRK VKS V/TLDGG

KLZHVQKWZG AET 7LZREVS DANM.7LTLTL GDIVSTRAN V KAE 133

skekok skefokoksk skeksk sk sksk ok skskk ko skek ok skek * 0k ckkkk ok Kk k%

MR L bR, 2 57 2 IR URHAROR

Gexors

indicates the same amino-acid among species, italic letters indicate the different amino-acid among species

El6 4E4 59 MFPH-FABPREEL ¥ 51 (8] % Fr 53 A HE S

Fig. 6 Alignment of amino-acid sequences of H-FABP between yaks and 9 species
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Table 4 Alignment of amino-acid sequences of H-FABP between yaks and 9 species (%)

Wb LEES SRS giES th= A N PN AN hel BELy A
Species Yak Cow Sheep Goat Pig Human Rat Mouse Chick Zebra-fish
4 Yak 100.0

I Cow 100.0 100.0

42 Sheep 96.9 96.9 100.0

1117 Goat 96.9 96.9 100.0 100.0

¥ Pig 92.4 92.4 94.7 94.7 100.0

A\ Human 88.7 88.7 89.4 89.4 90.2 100.0

Kl Rat 85.7 85.7 87.2 87.2 86.4 89.4 100.0

/N Mouse 85.7 85.7 87.9 87.9 87.2 85.7 93.9 100.0

¥ Chick 77.4 77.4 78.1 78.1 75.1 78.1 78.9 75.9 100.0

Bttt Zebra-fish 69.9 69.9 70.6 70.6 72.1 72.9 74.4 72.9 69.1 100.0

3 i TH’E PolyA [X 1 . Kaukinen 5! 5% % B, SINE/Artiodactyls

3.1 454 H-FABP B [E BYLEHIHHE

ARSI AR H-FABP BLIR 3 AN vale B BEI)
BHES R T KN 7360 bp LN FH, 458 E],
YEF1Y H-FABP JE Rt 4 ANAM G 7R 3 AN & 7 4Lk
b, AT AR I AN I FA IV
NGRS 73 bp 173 bp. 102 bp F1 54 bp, W& T 1.
WA TR & IR/ 43500k 3 460 bps 1 892 bp
FI1 495 bp. AMETFFINEFHULKLIN BT AN
LM —3, HAE 7R R EWR B R.
HE— DR, 44 H-FABP RN IG% 1Y 1
AUG b (R 5"-J7 7)) BI5S 3 ANMZAT IR & IREng (R
-3A), BIRAE AUG Ja % R 2 S (H1+4G),
X Ej“Kozak F411” (Hl AIGNNAUGG) #51E—3,
6 K 2 B A YR IR %45 T B B AT 1 85 M R AE
(Rl ANNAUGN Fl GNNAUGPw). %% 48T
FIN B 7 35 2 X P 4 A, [R) 40 2 R 0 2 X 471 56 4 AH
], AMET 5 P& IR X 54 AR R R 41
A, Bl: 4h % T /GTPUAG... W& T+ A A &
T...PyPyPyNCAG/N!, J b4l B0 W ACHIF 5745 2 (1)
YE4F H-FABP JEDR R 4546 J2 IE A T 5211

B NFRER Y, A ILSEEAA 4 BRI
HEE P (1) SINEs HEKEF4; (2) LINEs KiE
P (3) LTR KR sk oI E S 7 41); (4) DNA
EEJRE T Calvo ZEPIEXT 402 H-FABP FED HEA T i0t 4L AR
SeoriT, KIAEH A &1 14 2 A SINE/MIR Joft,
MAEN S FIIRIA 2 A SINEMIR Joff. 1 4
LINE/L2 Jof4:#1 1 4™ SINE/Artiodactyls Joff:, HiXut
G TP m R . W, il R AR
SINE/Artiodactyls TG )G & A — 19 A~ A BRFEL 1

JCEL Poly(AC) I PAARICAT — 52 KMo A6 AAH N
FED IR R R B, LINE/L2 JCAAR5Y , 4 A~ SINE/MIR
TCAFERARSE, ANTAE SINE/Artiodactyls TG, £
SINE/Alu B T4 o AWEFUAERFEA 2L P
S E S ATt b, RMAENET 1T HH 5S4
wE UM, WEFITRAES G, WETFIHE 34
oM. WIS SHE. NEERN S THES
RN LI AT ol DUR I, R 54 A3 W)
FITEIZEER N &7 N (BN &7 1D & H 24 SINEs
FES P YR LINEs EE A, AETE LTR KR 5%
JTCAFE R PR DNA #RE7 ooff, 2 3 Y& =
ST HITCAF R E FIRANE e — e 22 5, WS
EHE A SINE/Artiodactyls 7o, M7E N3 A
B TO I AR, BUMARZ 1) Alu EEE IofTS
RS, FEFLEN ST 1 H4REZ 3 A SINE EAE o)
(£33 1 4> SINE/Artiodactyls 76+ 1 > SINE/MIR3
JCHFA 14> SINE/Bov-tAl Joft), W& ISR
1 /> SINEMIR Joff. IXTE—w R B, $e4ix
FEPRI X S5l A L 4 = - N B 5 1) SINEs #i E 2751
KR S 5 HA MR e, AR — k.
3.2 R4 H-FABP EARmBBXZEHEFT S H e
Y EEER

PR R ST CN 7 E ST TE SN - N NN NN
ANE R B 9 ANYRE] H-FABP JER it X 1%
TR HIexrf, RS A 6. .
W N KB R S B R X R R
HA] A JETEIE 68.7%~99.8%. M, 44 A 4]
MR R, IK 99.8%; SR ILE. A NT
HTa) FEIYETE G T 92%. IXEWIHEE S 9 ANMFfiE
Rl HEm A 407, e, IR ISR N i X
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AR 7 A R B A s AR s o R ik, e
F R N G X — 2 25 5. fERE 5%
W1 H-FABP JERgat X e oI Luxs i, 78 324 A7k
e — UL (A ——G) o 543X N R HIMI L
AT S RBRIEL AN 4 IRBEE A . 551 LSRR A AR L,
I 9 YOS 3 BRI E . S5 AR NS LG
B, SRR 17 ORI 12 YRR . 5 AR R RSB
B, LR 28 RN 17 . 5K RAREE, 3t
KA 44 YA AN 23 i . S/NERARLE, JEkAE 43
DR 25 . S9AELL, LR 48 IEEH I
47 W, 5B AAIL, LR 59 IREEHA 67 X
e, W ER MR UE H, BEEREAHEE A,
ol B A KRR DR XS BES SR
Gt DX AZ R 4 1B TR PR AT (R BRI, AR 55
PRI L AR S A B2 B0 o HE2F 5 S0 ) (] ik
AR RSB RN IR 3 RO, R R A S A
N R UL R ABINIIR G . FERRIE IS A, R
MWAHAYC, GYH CIMpAELHT, MAST. G
ST N s W DO 2 il N 2 SR SRS 7
BRI AR 7 2 e AR AR B 158 3 4, JLUOREES 14,
/D RAAEE 2 40, F5E0 P Ui, Fed
58O MTE R IR AT IR 741 E X e 22 i B, 4
5 B Rl BUARYE H-FABP FERZATIR /KT L HA
SRS, AR T SRR . B s R E AR
JERIAE, w7 eiE DNA KV EZER, X
M DNA 7KF ERFFURRAE S84 476 e, 4.
A KB MR S, BES A 9 MR TR IR, L
KA T — @ MBS
3.3 44 H-FABP K& F5I 5 HEMMA LI

VRS A. 4006 e . AL KRS D
Bl A9, B4 9 MR H-FABP R LR ITF 41 L4t
REIR, FEA5SPRIRIFIEE AN 38 100%
96.9%- 96.9%- 92.4%. 88.7%- 85.7%- 85.7% 77.4%.
69.9%. MAEN, 45 EYFN H-FABP 2517
A TR ST P AT #R

YE A 5 W A R TE A TR KT B AR R
99.8%, {HZIEIR/KF EIIRIENER 100%, Xk
AEAERE R S LI R RS X 751 324 A7 R TR
HH(A——G) N ] LFEAR, Wit — D i BE A 5 W
AR N SRR R AR, BARTEZIE AL Y
B A —E 255, RESERAKY Fix s, 3
RGP0 b0 22 S A s g B A I S5 4L I
PR, BEARAEZF 55 25 00 A 12 5L DR 8 1 57 41 2 FAr )

T n 12 DRI 93 A e ] 1 s DR 0 1 4 0 Xt A )
REAHTR] . ) LUR Y P A o A — AR e % 2 DR g T
R TOSR, s T3 — WP D g ek i 47
WFFE R, R IR TR . A R PO XA
B 8 A - IR A RN S IV AR S 8 R LR 4 v
R, e 5500 A4 BRI K Y b R s Pk ik
99%, (HFEZIEIRAKN Bz, XEARUITE R —
o I 755 PULEX e 58 4 GH FER 741
FEACHIE T R, 4624 55 GH SR RZ IR
M IERK B3 —E 25, [FRTEACR 99%. X
WYL, HE 5l A X P AN AR AN [R] 1 Dl fig ik A
AR B2 0t S e K- 2 Al
— 8, XA VPAN SRR R A YR . R DT s
FHOG, BT B AN [R] 16 D e 2k R e A 24 5 3 3 2 v 1)
WA AT K.

VoA 540 SRR R T 4 [R] (1) [R) YR R 35
96.9%. HHP7E 34, 109, 122, 132 74844 G M.
T. Q, M#AFEHIFE4AA AL 1. Sv B S5HFaE
FRIFAIFIEL, 76 64 24, 34. 50. 60, 95. 104, 109,
121 132 4443900 V. Ly G. V. N. V. S. M.
T. Q, MWK A A I. AL I. S. L. T. L. S. E.
Lk, $EES AR AR XS, BES SR
FERR 74 1B ) RIS P EAR AR /N, R 5 JLAH N A
KV E2E s —8uE . XU, BRme 2 ah, fE
A LI E S YR A AR 2L R R R KT A 2%
s, 1 HAEMN I E A K I —E 2. [,
KRANFEACE B2, 5HSEGRRIET AR
I3k BETHASEE A 4. e BT
FE DR A R KPRV K B AR v 1 ) s X —
JEAil, VR R, AT ORI NS 4 TR R0 2 4 ik
I THRI B oERE, RTT A 5. 407
2E GRS RN A LU R A 2405 . 78 0 A
FAAE L& Pyt 5 75 1T B ) BRI 9 R R A
YA 1K — R (R AT U R — P AT 2 A A B

o
4 i

4.1 Y&/ H-FABP JLIR 1 4 NN TR 3 AN T4
B, A ET 1L AR ARSIV
KANGR514 73 bp. 173 bp. 102 bp A1 54 bp, W& 1 1.
W& LA & FIIER/N3 08 3 460 bp. 1 892 bp
F1 495 bp. AMET5H W& IIERX T80
LR AL A, Bl 4MET/GTPUAG... W & T I
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7. .PyPyPyNCAG/N. FEFZIEER XS AR AFE
W NEE A ICHE

4.2 WA S LE . AL KRG D
B . BEL a9 NMIFITE H-FABP JE N 4atd X A% 1T
M e HE R 74 R IR, BT
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