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Abstract: [ Purpose] To clarify the genetic polymorphisms of gayal and yak gastric LYZ ¢ gene
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and their adaptive evolution to digestion in the acid environment of stomach. [ Methods ] The vari-
ations in the complete coding region of gastric LYZ ¢ gene were detected in 35 gayal and 33 yak
samples by adopting the technique of PCR product direct sequencing in this study. Combined with
published homologous sequences of some bovine species, the adaptive analysis of digestive function
was further conducted by the methods of comparative genomics and bioinformatics. [ Results ] A
total of 6 SNP sites were found in gayal, namely c.196G>A, c.267T>C, ¢.270C>T, c.396C>T,
¢.423C>T and ¢.438C>G, respectively. And 10 SNP sites were found in yak. Except 6 of which were
shared with gayal, others viz. ¢.336G>C, ¢.348T>G, ¢.351T>C and ¢.375A>C were only found for
yak. The SNP sites found in gayal were all shared with that of yak. The SNP196 and SNP328 were
non-synonymous substitution, which result in p.G66S and p.H116Q amino acid changes. These two
substitutions were presumed to have no effect on the function of stomach LYZ c. Based on the vari-
ations in gayal and yak gastric LYZ ¢ gene, 6 haplotypes were defined in gayal from which 2 protein
variants were identified in gayal, namly Gayal 1 and Gayal 2. And 12 haplotypes were defined in yak
from which 3 protein variants were identified in yak, namly Yak 1-Yak 3. Among them, variant Gay-
al 1 and Yak 3, Gayal 2 and Yak 1 were identical, and Yak 3 is unique to yak. The amino acid com-
positions, physiochemical properties and structures of the gayal, yak and cattle variants are basically
the same. The above characteristics of gayal and yak gastric LYZ c are very similar to those of cattle,
but the isoelectric points of gayal and yak gastric LYZ c are lower than that of cattle S3. [ Conclu-
sion | The results of this study indicate that gayal and yak gastric LYZ ¢ is more suitable for the acid
environment of the stomach, and it has the function of breaking down the microbes in the stomach.
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1.3 PCR 5|#¥it#1 PCR 438 &5
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Y B X SNP i &3 i it . vV B H SeqMan 11,
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A LYZ ¢ BEPR G 7 ) B AR 43 o i A
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Tab. 1 Primer information for segmented amplification of gastric LYZ c gene

5|¥14Fx primer ID 51417 %1 (5'—3") primer sequence

=K /bp products length B kiR E/°C annealing temperature

LYZ c_exonlF
LYZ ¢_exonlR
LYZ c¢_exon2F
LYZ c¢_exon2R
LYZ ¢_exon3F
LYZ c¢_exon3R
LYZ c_exond4F
LYZ c_exond4R

CAGTCTGGACATTTGACTTCTCA

TTGCTCATTATTCATCCTCTGTT
GAACTGATTGGGCTATGAAGTGT

AGTATAACCAGATCGGGGCTGAG
GAAAATAAAGCCTGCTGAACCTA

TCAAACTCTTATACCGTACACCT
GATGAACTATTTTGTTCTCCCAA

CTTTCATTCAACTATCACTTCCT

238 58.6
284 59.9
258 56.5
234 55.2
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EEF31) 1 4 KC954667,

TE KA A I 2 6 Fpp s AL, B Gayal
hapl~hap6, BIAAHREHRIfEMHAER; Gayal
hap2 MYIHERMI Ry, R RAUA BRI DL A AL
TENEAE AR N L E 12 FREpf5AL, BI Yak hapl~
hap12, YA EIG6f 2 19 545, Yak _hap5
SRR TS o= WL e A7 N e R I P
A4 SHEA A B LA AL 435 Gayal_hap2
Al Yak hap9. Gayal hap6 il Yak hap5. %f & %
TR HALA- B R E B LYZ ¢ BT 0T, 1E
i A P e 7 A LS R, B Cattle_hapl~hap7;
FEKA L R BRI R R E 1 AR
A4, 4354 Buffalo_hapl. Zebu hapl. Bison_ hapl
H1 Goat_hap1(/# 1),

BTN LYZ ¢ FERBATTR . dihS Z LR 5
FEXTES R ILIE 1. 20 &4BHFE R LYZ ¢ A
FEAIK AR, 214 444 bp, Jmfidh 147 4 K
MR o K AR B 5 0 R RN T HEHE G5,
KA FIFEA SNP 7 sBORYG I, A A IR

*2 KEFFESFBE LYZ c BEEEFTERER

Tab. 2 The variation information of gayal and yak gastric LYZ ¢ gene

HEfK A8 5L BB gene frequency WA AT K P H
population SNPs W m H, P value of Chi-square test
c.196G>A 0.935 0.065 0.109 0.758
¢.267T>C 0.565 0.435 0.474 0.001
c.270C>T 0.919 0.081 0.135 0.017
KE4:- gayal
¢.396T>C 0.557 0.443 0.501 0.000
c.423C>T 0.557 0.443 0.501 0.000
c.438C>G 0.557 0.443 0.501 0.000
c.196G>A 0.717 0.283 0.388 0.000
¢.267T>C 0.900 0.100 0.168 0.603
c.270C>T 0.683 0.317 0.478 0.000
¢.336G>C 0.983 0.017 0.030 1.000
¢.348T>G 0.983 0.017 0.030 1.000
HE2F yak
c.351T>C 0.983 0.017 0.030 1.000
c.375A>C 0.567 0.433 0.507 0.000
¢.396T>C 0.500 0.500 0.508 0.000
c.423C>T 0.500 0.500 0.508 0.000
c.438C>G 0.500 0.500 0.508 0.000

e WOREFAE RS AIRER: m Y RALMAFA LK P {H A Hardy-Weinberg ik 40 M= .

Note: W means wild-type allele; m means mutant-type allele; P value is the probability of Hardy-Weinberg equilibrium.
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Tab.3 Haplotypes information of.gaya.ll and yak LYZ ¢ KA PR U 1A, K p.G66S; FEA A
- basedonthedat;;;?;{sﬁtudy — B YA 24 ﬁj‘\%Uﬂﬂp.G66S il p.HI16Q,
hilftfie s:zjis frei?zicy expected value standard er‘ @ E/‘J 1:/;2 ﬁ: M SNP {E 1'*5‘ ﬂ‘j SNP196 ﬂ] SNP328,
of frequency error 22k Fl PANTHER #4504, 7E R4 FE4-HF
Gayal_hapl 0.085 714 0.090 326 0.013 439 fReh R B p.G66S il p H116Q Eefith 7 LYZ ¢
Gayal hap2 0.471 429 0.466 813 0.013 438 A S
Gayal hap3 jopis:  0.014286 0.011 572 0.005 611
Gayal_hap4  gayal  0.342857 0.335 748 0.012175 HRAAF B 8 LYZ ¢ SED 6 A B i ih
Gayal_haps 0028571 0035681 0012175 2ME A, B Gayal 1 f1 Gayal 2, 72 5S¢4k
Gayal_hap6 0.057 143 0.051 928 0.010217 Gayal 1 X W KA LYZ ¢ 5£[H Gayal hapl~Gay-
Yak_hap! 0.060 606 0.060 606 0.000 000 al_hap5 HfFARI, ZETK Gayal 2 WXJ) Gayal hap6
Yak_hap2 0.060 606 0.060 606 0.000 000 PR AR SR Gayal 1 78 K40 2F B A b L B4R
Yak_hap3 0.106 061 0.114 435 0.011 464 }3%%—, ﬁﬁmﬁﬁéq:%ﬂ LYZC% 12 ﬁﬁ’ﬁ%ﬂﬁﬁ
e SRR, B Yok kS, i

Yak hap6 g 0.142857 0.168 185 0.013 340 Yak 1 X NAE 4 LYZ ¢ B Yak hapl~Yak hap?

Yak hap7  yak 0015152 0011110  0.009 981 AR AL, A2 5E K Yak 2 0 XS B Yak hap8 HAf
Yak_hap8 0015152 0002416  0.005 547 B, SR Yak 3 XIHFES LYZ ¢ JEH Yak _hap9~
Yak_hap9 0015152 0.008309  0.007 540 Yak_hap12 B{%AY, A (K Yak | ZE4EA-RBEMR
Yak_hap10 0.136 364 0.110 709 0.041 710 IR . R e A=A A [R) 09 A8 Ak
Yak_hapl1 0015151 0040806  0.041710 S35 Gayal 1 #1 Yak 3. Gayal 2 Fl Yak 1. pi7k
Yak_hap12 0090909 0073629  0.033456 A R4 BFERILCE LYZ ¢ SER ALY

111 111 111 111 222 222 333 333 333 333 333 444 444 444 444

111 444 455 888 889 112 333 677 999 666 667 333 444 455 777 999 222 222 222 333

789 345 012 901 567 890 890 012 901 678 567 890 456 678 901 345 456 123 456 789 678

Gayal_hap1 GCT ATT GTC CAA ACT CTG GGA GCA AAC GGC CCT AAC GCG CAT ATT GCC CAC TAT GTT GAG ACG

Gayal hap2 A A OO O
Gayal hap3 e
Gayal_hap4 T
Gayal hap5 O AU O O
Gayal hap6 . AL T T ..C. C
Yak_hapl . AL T..C. C
Yak_hap2 . AL R

Yak hap3 LA A..T..C C
Yak hap4 . AL e A A

Yak_hap5 . AL T T..C. C
Yak_hap6 LA LT o

Yak hap7 LA LT ..o A ..
Yak_hap8 L O
Yak_hap9 AR OO O O
Yak hapl0 . LA LT LLC C
Yak_hapl1 U

Yak_hapl12 e AL
Buffalo hapl ... ... ..T ... .. G ..o v oG ... A vee .C..G..C..A..T..CA.. ..C
Cattle_hapl G . AL ST B O O
Cattle_hap2 PR € U LT LT o.Cl A..C
Cattle_hap3 B | Vi T LT ..C L ..C
Cattle_hap4 G.. . G . AL LT T C L ..C
Cattle_hap5 o GA L AL ST T ..C.. ..C
Cattle_hap6 -GG G.. ... ooo oG oot oot .. A.. ST I ..C
Cattle_hap7 O o VY ST LT ..C
Zebu_hapl Y W TR ..C .. ..C
Bison_hapl B A.. ... T..C.. ..C
Goat_hapl A LA LLT LC L Ll

E1 $RIMBR LYZ c EFBERFIIGEKRER
Fig. 1 Nucleotide differences of haplotypes detected in gastric LYZ ¢ among Bovidae species
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1. 2),
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145614
35707662
Gayal 1 ATQGNGHV
Gayal 2 ..... S..
Yakl — ..... S..
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Yak3  ........
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Bison1  ..... S..
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2 FRYMBELYZ c ERATERESR
Fig.2 Amino acid sequence differences among the variants
of gastric LYZ ¢ in Bovidae

2.3 LYZc BBRARFHN R 34T
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KRBT H) A WL 3, RAEI4FFE4 BRI LYZ ¢
A SR A N a5 K, VIR s A T2
18 RIS 19 Z MR AL, HBUARKA & 129 &
g, GRS ER: EN&HKNE R
LYZ ¢ BZRAEEEE 1 R TRIE R BB R %N
LYZI fRSFEERIR, 17 T 55 19~145 2 IR 4% 5L
I, ENTIANEA EEG, or i BI Msh ki
DIREMISE/KEE o B AT X, A R A
AR LYZ ¢ =45 My Rl IR AL . 45 R 3%
B KA H R 2 fh LYZ ¢ 728 S sl ik 5 3% 58
4R Lysozyme C-2 Bt i 100% ME # %, —
N 99.22% (Gayal 1) #1 100.00% (Gayal 2), 4E
A5 A 3 F LYZ ¢ 28 SR BRIk 588 4 B A Ly-
sozyme C-2 FA A 100% BY7E 158K, — 804y
12 100.00% (Yak 1), 99.22% (Yak 2) F1 99.22%
(Yak 3),
24 HMHIEEHR LYZ c BRHEFIZEF
PR FE AR A LYZ ¢ R R E IR
H1) 5 BB rY - 4 A (ST, S2 i S3) MIdEH
(RS, B REM/NA)LYZ ¢ IR 751
(Ensembl database ID: ENSBTAG00000011941 .
ENSBTAG00000026779 . ENSBTAG00000000198 .

Gayal 1
Gayal 2
Yak 1
Yak 2
Yak 3

Gayal 1
Gayal 2
Yak 1
Yak 2
Yak 3

Gayal 1
Gayal 2
Yak 1
Yak 2
Yak 3

Gayal 1
Gayal 2
Yak 1
Yak 2
Yak 3

TE: BIERRES

1
1
1
1
1
1

121
121
121
121

121
41

241
241
241
241

241
81

361
361
361
361

361
121

ATGAAGGCTCTCATTATTCTGGGGTTTCTCTTCCT TTCTGTCGCTGTCCAAGGCAAGGTCTTTGAGAGATGTGAGCTTGCCAGAACTCTGAAGAAACT TRGACTGGACGGCTATAAGGGA
ATCAAGCCTCTCATTATTCTGOGOTTTCTCTTCCTTTCTOTCOCTCTCCAAGGCAAGGTCTTTCAGAGATC TCAGCT TG CCAGAACTCTCAAGAAACTTCOACTGGACGOCTATAAGGGA
ATGAAGGCTCTCATTATTCTGGGETTTCTCT TCCT TTCTGTCGCTCTCCAAGGCAAGGTCT TTCAGAGATC TCAGCT TG CCAGAMETCTCAAGAAACT TCGACTGGACGGCTAT AAGGGA
ATGAAGGCTCTCATTATTCTGGGGTTTCTCTTCCTTTCTGTCGC TG TCCAAGGCAAGGTCTTTCAGAGATGTGAGCT TGCCAGAACTCTCAAGAAACT TEGACTGGACGGCTATAAGGGA

Fiﬁﬁﬁﬁﬁ%lglgﬁllﬂlIQEQQSEIF]QEQIFQLEIIEIE{Eﬁ%Iﬁ%ﬂﬁaﬂﬁgﬁﬁAGGTCTTTGAGAGATGTGAGCTTGCCAGA&CTCTGAAGAAﬁCTTGGACTGGACGGCTATAAGGGA
! : : o ¥ A ¥ K ¥V FERCEL A& RTLEZEKTLTGTLTDGUY K G

GTCAGCCTGGCAAACTGETTETGTTTGACCAAATGEGAAAGCAGT TATAACACAAAAGCTACAAACTACAATCCTGOCAGT GAAAGCACTGATTATGEGATATTTCAGATCAACAGCAAA
GTCAGCCTGGCAAACTGGTTGTGTTTGACCAAATGGGAAAGCAGTTATﬁﬁCACAAﬁAGCTACAAACTACAATCCT?GCAGTGAAAGCACTG&TTATGGGATﬁTTTCAGATCﬁﬁCAGCAAi
GTCAGCCTGGCAAACTEETTETGET T TEACCAAATGHEEAAAGCAGT TATAACACAAAAGC TACAAACTACAATCCTAGCAGTGAAAGCACTGATTATGGGATAT T TCAGATCAACAGCAAA
GTCAGCCTGGCAAACTGETTGETGTTTRACCAAATGGGAAAGTAGT TATAACACAAAAGC TACAAACTACAATC IETT'?( CAGTGARAGCACTGATTATGGGATATTTCAGATCAACAGCAAA
G%CﬁgCCEGGghA%CTgGTEGTgTT{GA%CA%Al%GGQAAEEAETT%TﬂQCthA%hGgTAgﬂAQCT*CA*TC%TGECAgTGaAAEEA%TG%TT%TGEGﬂ?AT;TC%GA¥CA§CA§CA%A

TCETCETETAATCATGOCANANCCCCTAACGUAGT TCACGGE TG TCATETATCCTGCAGCGANT T ANTGEAAAATCACATCGET AAAGUTETAGCETCTCCAMMGUATATTG TCAGTGAG
TGGTGGTOTAATGATGGCARAACCCCTAATGCAGT TEACGGCTGTCATGTATCCTGCAGCCAATTAATGGAAAATGACATCOCTAAAGCTCTAGCO TG TOCAAAGCATATTGTCAGTGAG
TGGTGGTOTAATGATGGCAAAACCCCTAACGCAGT TEACGGCTGTCATGTATCCTGCAGCCAATTAATGCAAAATGACATCOCTAAAGCTCTAGCO TG TOCAAGCATATTG TCAGTGAG
TGETGGTETAATGATGGCARAACCCCTAATGCAGT TRACGGCTGTCATGTATCCTGCAGCGAATTAATGGAAAATGACATCGCTAAAGC TG TAGCCTGTRCARAGCAGATCGTCAGTGAG
TGETGGTETAATGATGGCARAACCCCTAACGCAGT TRACGGCTGTCATGTATCCTGCAGCGAATTAATGGAAAATGACATCGCTAAAGC TG TAGCGTGTECARAGCATATTGTCAGTGAG
W WwCNDGEKETPNATVTD C H 5 C5 ELMWENDTAEKAVACAKHRTIVSE

i

CAAGGCATTACAGCCTGGETCGUATGEAAAAG TCACTE TCOAGACCATGACG TCAGCAGTTATGE T TGAGGG T TRUACGL TG TAA
CAAGGCATTACAGCCTGGGTGGCATGGAAAAGTCATTGTCOAGACCATGACG TCAGCAGTTACCTTGAGGGTTGCACCCTGTAAL
CAAGGCATTACAGCCTGGGTGGCATGGAAAAGTCATTGTCOAGACCATGACG TCAGCAGTTACGTTGAGGGTTGCACCCTGTAL
CAAGGCATTACAGCATGGGTGGCATGGAAAAGTCACTGTCGAGACCATGACGTCAGCAGTTATGTTGAGGGTTGCACGCTGTAA
EAAGGCATTR%AG?CTEGGEGGEAT%GA%AAETC%TTETCgAGBCCﬁTG%CG%CR%CAgTT%CGgTG%GGETTECA%GCEGT&A

FFA; R RGN IR

Note: Signal peptide sequence is shaded. The region underlined indicates the putative conserved domain.

B3 RTEMEFEE LYZ c TREFEBRFIIREXNHESHIRFS

Fig. 3 Amino acid sequences of gastric LYZ ¢ variants of gayal and yak and their corresponding nucleotide sequences
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Fig. 4 Alignment of LYZ ¢ amino acid sequences

M2 4T A: BRI LYZ o & W45 HL S 4
%, M Tk, ik E R Tk B R
LYZ ¢ S5 14 1F LAy R 6 A Ay A S S R e ik
WA, AR B 85 IE A (Y 8 R Sk A

G SN M ER R E = S35 F SN e S E S
7 SRR 2 B LYZ ¢ B B 24
BN, BHEA Yak 2 F15E 4 ST AY % L S T
Ko A LYZ ¢ AR E FRUE SRR,

T4 SRYMLYZ c EHEUHMESR
Tab.4 The physicochemical properties differences in Bovidae LYZ ¢ protein

FA type Py species AEREGE SRS ATEAk FURATRE IEHREE  ARERE PRIBKTE
number of AA (pD) Mw) (AsptGlu) (Argt+Lys) (1) (GRAVY)
Gayal 1 147 6.87 16.29 15 15 26.05 -0.108
Gayal 2 147 6.87 16.32 15 15 28.67 —0.111
Yak 1 147 6.87 16.32 15 15 28.67 —0.111
B 7 Yak 2 147 6.80 16.31 15 15 27.29 -0.113
gastric Yak 3 147 6.87 16.29 15 15 26.05 —0.108
Cattle S1 147 6.80 16.28 15 15 24.67 -0.110
Cattle S2 147 6.87 16.30 15 15 28.67 -0.113
Cattle S3 147 7.55 16.32 14 15 28.67 —0.111
45 milk 148 9.92 16.78 10 26 22.82 -0.322
ES=Ei] ¥ kidney 148 8.14 16.48 11 13 35.24 -0.108
non-gastric K4 trachea 147 9.41 15.88 8 19 1531 -0.071
/N intestinal 147 9.65 16.39 9 23 18.76 —0.228
3 iFie FEH S X K420 444 bp, ZWESEHEA 11

ARG BT B, 245 T KB RGeS
BRI LYZ ¢ FER B9 IX 55, PG ER LYZ ¢

18 KAy N ¥ {5 5 Ik, CBVIREL 3% 129 4> & 5
MR, A SHEFSEE 3 4 SNP i, HE=2f SNP
B A BAT M B A AL R ik . 0 MR A7
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