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Genetic Diversity of mtDNA D-loop Region in Zhaotong Cattle
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Abstract: [Purpose ] To clarify the genetic background information of Zhaotong cattle. [ Methods ]

The variations in mtDNA D-loop complete sequences from 98 samples of Zhaotong cattle were detec-
ted by direct sequencing of PCR products. Further, the data of Zhaotong cattle were analyzed jointly
with the published mtDNA data of Yunnan indigenous cattle, including Wenshan cattle, Dehong
humped cattle, Dianzhong cattle and Diqing cattle. [ Results] A total of 73 nucleotide substitution
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sites and three indels were found in the mtDNA D-loop sequence of Zhaotong cattle. The nucleotide
substitutions found accounted for about 8.13% of the total nucleotide sites detected and base substitu-
tions were mainly transitions, of which 18 were single informative sites, 55 were parsimony informat-
ive sites. A total of 36 haplotypes were identified in Zhaotong cattle, of which 38.78% belonged to the
haplotypes HO1-HO9 derived from two mtDNA lineages of Bos indicus been found: 11 lineage ac-
counted for 37.76% and 12 lineage accounted for 1.02%. And the remaining 61.22% of this cattle was
distributed in haplotypes H10-H36, which were derived from the discovered mtDNA lineages of B.
taurus, of which T2 lineage accounts for 5.10%, T3 lineage accounts for 43.88%, and T4 lincage ac-
counts for 12.24%. The haplotype diversity of Zhaotong cattle was 0.880+0.027, the nucleotide di-
versity was 0.024 43+0.000 94, the genetic distance within population was 0.026+0.004, and the ge-
netic diversity index within the population was 0.027+0.004. The genetic distance and genetic differ-
entiation between Zhaotong cattle and Diqing cattle were the lowest, and that between Zhaotong cattle
and Dehong humped cattle were the highest. [ Conclusion ] The genetic diversity of Zhaotong cattle
is rich, and this cattle has a certain degree of genetic differentiation with other indigenous cattle
breeds in Yunnan. The cattle has mixed maternal origins of B. taurus and B. indicus, but it is greatly
affected by B. taurus.
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mutation sites
111111112222222222222223333333333333333 33444444444455555677777777777777788

PRATR 2134556670245556666889990011122222233444 59000033355600058501115667777779944  H1g
haplotype 5776080621996782458191290967903468947458 31123768945278934181481780123894526 number
HOl  GTCGGCGATGATTCTTATTCATTAGACCTCCACACCCCCT-CGAAGAGCCTTTGTGACCAGAGCCTCATACCTCCA 2
HO2 e R 29
HO3 E Bmeeeiiinnnn 1
HO4 B Buvernnnnnn e 1
HOS e PPN e 1
HO6 ... Teteiiien B 1
HO7 . CCi ittt Cmveeennn Tevin.. Too.... ~CTCAT...... 1
HO8 ............ o - Buvevnnnnns T.AGAT-..... TTCTTG 1
HO9 o om e e 1
HI10 a..... CG..G.Cuuunn. TGC...GT..TTGTGT.TTT.AT..G..... CC.AC...T.AGAT-..... TTCTTG 1
HIl a....TCG.AG.C...CC.TGC...GT..TTGT.T.TTT.ATA.G.-A..CCCAC.G.T.AGAT-..... TTCTTG 1
HI12 A....7CG.AG.C...CC.TGC...GT..TTGTGT.TTT.ATA.G.-A..CCCAC.G.T.AGAT-..... TTCTTG 4
H13 a....TcG.AG.C...G..TGC...GT..TTG.GT.TTT.AT..GA-A..CC.ACAG.T.AGAT-..... TTCTTG 2
H14 a....TcG.AG.C...GC.TGC...GT..TTG.GT.TTT.AT..G.-A..CC.A..G.T.AGAT-..... TTCTTG 2
H15 A....7CcG.AG.C...GC.TGC...GT..TTG.GT.TTT.AT..G.-A..CC.AC...T.AGAT-..... TTCTTG 1
H16 A....7CG.AG.C...GC.TGC...GT..TTG.GT.TTT.AT..G.-A..CC.AC.G.T.AG.T~..... TTCTTG 3
H17 a....tcG.AG.C...GC.TGC...GT..TTG.GT.TTT.AT..G.-A..CC.AC.G.T.AGAT-..... TTCTTG 3
HI18 A....TCG.AG.C...GC.TGC...GT..TTG.GT.TTT.AT..G.-A..CC.AC.G.TGAGAT-..... TTCTTG 1
H19 a....TcG.AG.C...GC.TGC...GT..TTG.GT.TTT.AT..G.-A.TCC.AC.G.T.AGAT-..... TTCTTG 1
H20 A....T7CG.AG.C...GC.TGC...GT..TTG.GTTTTT.AT..G.-A..CC.AC.G.T.AGAT-..... TTCTTG 1
H21 A....7CG.AG.C...GC.TGC...GT..TTGTGT.TTT.AT..G.-A..C..AC.G...AGAT-..... TTCTTG 1
H22 a....TCG.AG.C...GC.TGC...GT..TTGTGT.TTT.AT..G.-A..CC.A..G.T.AGAT...... TTCTTG 11
H23 a....TCG.AG.C...GC.TGC...GT..TTGTGT.TTT.AT..G.-A..CC.AC.G.T.AGAT...... TTCTTG 2
H24 A....7CG.AG.C...GC.TGC...GT..TTGTGT.TTT.AT.GG.-A..CC.A..G.T.AGAT-..... TTCTTG 1
H25 A....T7CG.AG.C...GC.TGC..AGT..TTG.GT.TTT.AT..G.-AT.CC.ACAG.T.AGAT-..... TTCTTG 3
H26 a....TCG.AG.C...GC.TGC..AGT..TTGTGT.TTT.AT..G.-A..CC.ACAG.T.AGAT-..... TTCTTG 1
H27 a....TCG.AG.C...GC.TGC.G.GTTCTTG.GT.TTT.AT..G.-A..CC.AC.G.T.AGAT-..... TTCTTG 1
H28 A....TCG.AG.C..CGC.TGC...GT..TTGTGT.TTT.AT..G.-A..CC.A..G.T.AGAT...... TTCTTG 1
H29 A....T7CG.AG.C.C.GCCTGC...GT..TTGTGT.TTT.AT..G.-A..CC.A..G.T.AGAT...... TTCTTG 1
H30 a....TCG.AG.CT..GC.TGC...GT...TGTGT.TTT.AT..G.-A..CCCA..G.T.AGAT-..... TTCTTG 1
H31 A....TCG.AGCC...GC.TGC..AGT..TTGTGT.TTT.AT..G.-A..CC.ACAG.T.AG.T...... TTCTTG 1
H32 A....TCG.AGCC...GC.TGC..AGT..TTGTGT.TTT.AT..G.-A..CC.ACAG.T.AGAT-..... TTCTTG 6
H33 A....TCGCAGCC...GC.TGC..AGT..TTGTGT.TTT.AT..G.-A..CC.ACAG.T.AGAT-..... TTCTTG 2
H34 a...crcc.aG.c...GC.TGC...GT..TTG.GT.TTT.AT..G.-A..CC.AC.G.T.AGAT-..... TTCTTG 1
H35 a..a.TCG.AG.C...GC.TGC...GT..TTG.GT.TTT.AT..G.-A..CC.AC.G.T.AGAT-..... TTCTTG 6
H36  Ac...TCG.AG.C..CGC.TGC...GT.CTTGTGT.TTT.AT..G.-A..CC.AC.G.T.AGAT...... TTCTTG 1

H: HO1I~H36 eI 4t R BLEY) 36 F s f Ay ;

“rFR SSH I T,

COFORPRMHTR; FIP RIS, B8

Note: HO1-H36 indicate the 36 haplotypes found in Zhaotong cattle; “-” indicates the same nucleotide as the reference sequence, “-” indicates the missing
nucleotide; the numbers in the figure are read in columns, and the values on each column represent the location information of the mutation sites; the refer-

ence sequence L27733.1 used for position locating also belongs to HO1.
1
Fig. 1
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HISER SN 62.20% 1 37.80%, FH& P 93 478
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R69 4, JEHfE 86 MMERAERL; HAMEAIZ KL N
0.882+0.017, HITHRZ BN 0.02482+0.00030,
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Mutation sites and defined haplotypes based in mtDNA D-loop sequences of Zhaotong cattle
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/N (0.024), 5571 7 v e A ] 1 35 % R B8 0 K
(0.031) AR A [H] 382 1% 115 g A5 A A 1) 52 4% OC
R (& 2) vTA: W AR AR RO — K
e 5304 . PRI 3,

SIS | = N T R s o o
(Fy fH) 7E-0.015 34~0.671 32 Z ], W@ 5H
it 7 A BEAAR [B] ) Fy fEAE 0.023 32~0.552 10 Z
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Tab. 1 Genetic diversity of Yunnan local cattles
PEik S ERLE CARRICE 2595 AR FEE THEAR Py 282 A 2 TR Y A% 22 R P TR AL
o lai'ons number of haplotype nucleotide mean distance genetic diversity index
populat haplotype diversity diversity within population within population
R A
36 0.880+0.027 0.02443+0.000 94 0.026+0.004 0.027+0.004
Zhaotong cattle
il 23 0.823+0.052 0.02283+0.00196 0.024+0.003 0.025+0.005
Wenshan cattle ) ’ ’ : : ) : ’
it
B 11 0.585+0.100 0.001 83+0.000 54 0.002+0.001 0.002+0.001
Dehong humped cattle
R A
Diging cattle 27 0.963+0.012 0.021 00+0.002 70 0.022+0.003 0.023+0.004
W
) 18 0.869+0.032 0.02266+0.00177 0.024+0.003 0.025+0.006
Dianzhong cattle
Y
t%tZIB 86 0.882+0.017 0.024 82+0.000 30 0.027+0.004 0.027+0.005
®2 mEAMHGLEFEIREES [y
L . Dehong humped cattle
Tab. 2 Genetic distances between local cattle in Yunnan i
Jiki 2 R s I > - Wenshan cattle
Bhik BRI PR R Sl G
. Dehong Diging Dianzhong Wenshan )
populations Dianzhong cattle
humped cattle ~cattle cattle cattle o
T pRA
it R4 Diqing cattle 0.037 — Diging cattle
Zhaotong cattle
VE 14 Dianzhong cattle 0.019 0.029
0.005
31l 4+ Wenshan cattle 0.019 0.030 0.024 YT
2 ETRHAEERIEEAENERLER
3@ 2F Zhaotong cattle 0.031 0024 0027 0.028 Fig. 2 Cluster tree based on the genetic distances

between populations

*3 “REtHE4RHAENE S D B BAMEE R

Tab. 3 Genetic differentiation index and gene flow among of local cattle in Yunnan

FEfR T e R A palis
populations Dehong humped cattle Diqing cattle Dianzhong cattle Wenshan cattle
1 PR 4F Diging cattle 0.671 32/0.12
HH2F Dianzhong cattle 0.305 48/0.57 0.216 57/0.90

SCili4F Wenshan cattle 0.298 82/0.59 0.218 57/0.89 —0.015 34/-16.54

Hi84F Zhaotong cattle 0.552 10/0.20

TE: </ RTIEER AL TR, <)a B S i

Note: The data before ““/” are genetic differentiation index, and the data after “/” are gene flow.

0.023 32/10.47 0.098 42/2.29 0.099 26/2.27

24 HMRHAM

Fi HEGIT A7 % 31538 2F A9 2 mtDNA 2 4053
PIFRIER, = FF 5 DA HLA- (1) mtDNA & %) 55
ZEIL (R 4) WoR : WE A AR A AR AR 2 A4

R, 254 5.10%, 43.88% Al 12.24%,

2.5 BERBE SRR KB WAL E
M &l 3a Al 36 D HEHIT, HO1~HO09 J&

T4 mSe, Hrp HO1~HO7 F1 HO9 J& T 4 1.

mtDNA R . #iEF RIS, WiE4E
B AZHM 2 VR4 mtDNA {2 # A A, H
WL iR 37 76%, 2 & 1.02%; wtd% i

AR, WEARARh L&A T2, T3 #1 T4

Giiy 11 R, HO8 @ T4 mginy 12 & H10~

H36 J& T A4 mge, Hrb H11 F HI12 J&§ T35
A IMGeH T2 14, H10. H13~H24, H27~H30 Fi

H34~H36 J& Fir@ 4 M4 i) T3 A, H25. H26
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Tab.4 mtDNA lineages and proportions of the Yunnan native cattle
i IR
PEIN MRS Bos indicus Bos taurus
populations number of individuals I % R &R RAFN/% T2 & T3 & T4t & A%
11 lineage 12 lineage total T2 lineage T3 lineage T4 lineage total

77‘%
;‘i};iﬂg cattle 98 37 (37.76) 1(1.02) 38.78 5(5.10) 43 (43.88)  12(12.24) 61.22
paliEs
Wenshan cattle 53 31 (58.49) 3 (5.66) 64.15 3 (5.66) 13 (24.53) 3 (5.66) 35.85
/%Aﬂﬁmg
I)efo';g ﬁj;ped cattle 34 32 (4.12) 2(5.88) 100.00 0 0 0 0
i e 2k
lD:Z;Z cattle 49 7 (14.29) 6(12.24) 26.53 2 (4.08) 29 (59.19) 5(10.20) 73.47
g 53 32 (60.38) 2 (3.77) 64.15 0 18 (33.96) 1(1.89) 35.85

Dianzhong cattle

e S SRR AR 1SS B S, B %.

Note: The data before brackets are the number; the data in brackets are proportion, unit: %.

a)
[ R4t & Bos indicus lineage
B %58 41 & Bos taurus lineage
b) s 12 &
. b 12 lineage i; Iﬁ’% o JiF 1R Bos indicus lineage
, ’H_nst\‘ N ; e oo .o Ineage e WE R Bos taurus lineage
/ P
. Ho2
‘\ H ur‘/\
\ o,
AN H_nsrf
11 lineage ~~---~ 1 15 lneage

TE: b) AAEAE A mDNA 5, PREARTAA, BB NS AR E .

Note: b) dashed regions represent different mtDNA lineages, the “|” represent variation sites, the circle area is proportional to the haplotype frequency.

3 BEFHFREREEXRNRZLER () P NAREE (b)

Fig. 3 Phylogenetic tree (a) and mediation network diagram (b) of genetic relationships among haplotypes in Zhaotong cattle
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