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[ Abstract] Objective Assembly whole mitochondrial genome sequence of Rongshui miniature pig ( RMP ) breed
and analysis the structure of mitochondrion based on the next-generation sequecing method. Comparison of phylogenetic
relationship and genetic diversity among different pig breeds. Methods  We collected peripheral venous blood sample
from RMP and constructed two paired-end sequencing libraries. A whole-genome shotgun sequencing strategy and Illumina
Genome Analyser sequencing technology were used in our study. Results The mitochondrial genome of RMP consists of
13 protein coding genes, 2 ribosomal RNA genes, 22 transfer RNA genes and the length of pig is 16888 bp. The GC
content of this pig mitochondrial genome is about 44 % . Based on phlogenetic analysis, population genetic analysis, our

findings confirmed that the ancestral cluster in East Asia mainly occurred among Diannan 7# pig, Hainan wild boar, Lanyu
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and RMP. Conclusion
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RMP, a typical miniature pig breed in China, is an earlier ancestor than Lanyu pig breed.

Rongshui miniature pig ( RMP ) ;Mitochondrial genome ; Phylogenetic analysis ; Genetic diversity
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Tab.1 List of mitochondrial genome sequences of Swine breeds and their accession numbers as retrieved from NCBI database

YrFh 24 LRI KB (bp) Yy T AE M X Lioa 452

Species Mitochondrial length Species area Number of retrieval
ER P 7 75 /K 3 ( European Berkshire pig) 16,876 BEE AT IR AY574045
HE1% 78 ( Duroc pig) 16. 905 e [E] AY337045
IR (Hampshire pig) 16,865 HE[E |, L e Ab AY74046
T ARHEFRE (Ttaly wild boar) 16,302 BEARA AF304201
BEM 1045 (Jeju 104 pig) 17,014 g, T AY574048
TEIH 8#4# (Jeju 84# pig) 17,014 whE T NC000845
5[5 8534 ( South Korean wild boar) 16,973 [ DQ334860
£ 1% ( Landrace pig) 16,921 /eS| DQ334861
22 i5%% ( Lanyu pig) 17,071 T, B AY574047
INFE TN F F5% (Sussex domestic pig) 17,095 e DQ518915
B V5 X B4 ( Taiwan wild boar) 16,802 E, A NC012095
IR FE ST M (Sussex pig) 16,923 el NC014692
Hg 11 4% (Meishan pig) 16,998 W IR AF486855
155 #7344 ( Hainan wild boar) 16,690 VR EF545572
JE ¥ 7 5 ( Diannan 7# pig) 16,690 TE, =M EF545576

|2 FEK/NIELALIR DNA BZEFFIE

Tab.2 Location of feature in the mitochondrial DNA of Rongshui miniature pig

b ) BT RXEHT Pk
FEH /X Ik regional location ( bf) Codon Antisense codon Chain
Gene/ Region
R B 2 IR ATY AR T A
Starting location ~ Termination location Start codon Termination codon
tRNA-Pro 746 809 63 ACC L
tRNA-Thr 810 877 67 ACA H
CYTB 878 2017 1139 ATG GAG H
tRNA-Glu 2022 2090 68 AAC L
ND6 2091 2618 528 ATG TAA L
ND5 2602 4422 1820 ATA TAA H
tRNA-Leu2 4423 4492 69 AUU H
tRNA-Ser 4493 4551 58 UGA H
tRNA-His 4552 4620 68 CAC H
ND4 4621 5998 1377 ATG T- H
ND4L 5992 6288 296 GTG TAA H
tRNA-Arg 6289 6357 68 AAG H
ND3 6359 6704 345 ATA TA - H
tRNA-Gly 6705 6773 68 AGG H
COX3 6774 7557 783 ATG TA - L
ATP6 7557 8237 680 ATG TAA H
ATP8 8195 8398 203 ATG TAA H
tRNA-Lys 8400 8466 66 AAA H
COX2 8467 9154 687 ATG T- H
tRNA-Asp 9155 9222 67 CAG H
tRNA-Sec 9228 9298 70 UCN L
COX1 9302 10846 1544 ATG TAA H
tRNA-Tyr 10848 10913 65 CAU L
tRNA-Cys 10913 10978 65 CGU L
tRNA-Asn 11011 11085 74 CAA L
tRNA-Ala 11087 11154 67 ACG L
tRNA-Trp 11161 11228 67 AGU H
tRNA-Gln 11227 11297 70 AAC L
ND2 11348 12267 919 ATT TAG H
tRNA-Met 12271 12340 69 GUA H
ND1 12479 13435 956 ATG TAG H
tRNA-Leu 13438 13512 74 AUC H
16S-rRNA 13513 15025 1512 H
tRNA-Val 15083 15150 67 AUG H
12s-rRNA 15151 16110 959 H
tRNA-Phe 16111 16180 69 CUU H
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Tab.3 Codon usage for Rongshui miniature pig

WHTEE | AE | mETEE  TE EBFEE K BB TR T
Codon types Number Codon types Number Codon types Number Codon types Number
UUU(F) 84 UCU(S) 31 GCA(A) 117 uGuU(C) 9
UUC(F) 142 UCC(8S) 75 GCG(A) 3 UGC(C) 17
UUA(L) 89 UCA(S) 119 UAU(Y) 62 UGA(W) 99
UUG(L) 15 UCG(S) 1 UAC(Y) 78 UGG(W) 4
CUU(L) 50 AGU(S) 11 CAU(H) 24 CGU(R) 6
CuC(L) 68 AGC(S) 45 CAC(H) 78 CGA(R) 48
CUA(L) 306 CCU(P) 37 CAA(Q) 83 CGC(R) 11
CUG(L) 39 CCC(P) 59 CAG(Q) 2 CGG(R) 0
AUU(T) 153 CCA(P) 94 AAU(N) 48 GGU(G) 32
AUC(I) 182 CCG(P) 2 AAC(N) 111 GGA(G) 107
AUA(M) 218 ACU(T) 54 AAA(K) 90 GGG(G) 20
AUG(M) 40 ACC(T) 88 AAG(K) 8 GGC(G) 50
GUU(V) 30 ACA(T) 172 GAU(D) 20 UAA( *) 7
GUC(V) 20 ACG(T) 6 GAC(D) 46 UAG( *) 1
GUA(V) 111 GCU(A) 45 GAA(E) 86 AGA( =) 1
GUG(V) 13 GCC(A) 91 GAG(E) 14 AGG( *) 0
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DY 3R e
ke
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Fig.2 The phylogenetic analysis of 16 pig breeds(NJ, ML analyses)

R4 W16 NSEFNG IS 5L P T PR SR R AL 2R B

Tab.4 Neutrality test and genetic diversity for main haplogroups in coding region for 16 swine mitochondrial genomes

e eS| ES i) HHE3
Group Group 1 Group 2 Group 3
%A% H Number of Haplotype 7 4 4
FEAKUH Number of samples 7 5 4
ZAMENLIEAE(S) Number of polymorphic loci (S) 2717 311 192
AR 22 5 Y18 (k) Nucleotide difference in mean (k) 39.7 62.2 84
BLEIZREE (h) Haplotype diversity (h) 1+ 0.00251 0.913 + 0.01287 0. 899 +0. 0002
WA BRZ K (Pi) Nucleotide diversity (Pi) 0. 00273 = 0. 00013 0. 00496 = 0.01481 0.03417 +0. 0002
Tajima‘s D A 55{H Tajima’s D test value -0.7% -1.2111 -0.566293
BEMSIT Significant Statistics %, P <0.05 Not significant, P >0. 1 #*, P <0.05
Fu‘s Fs K8 Fu’ s Fs test value —1. 6544 2,211 -1.29789
ENST Significant Statistics * P < 0.05 Not significant, P >0. 1 #, P <0.05




o R PR A AR 2015 453 HEE 25 B3 Chin J Comp Med, March 2015, Vol. 25. No. 3 33

3 itig

LRI DNA 778 T 20 i S5 2 (R ML v ) A
A PR B IBE DNA 23, 207 Fan iz g
RAMWIER AL, B B3R E ] Sk g is D hg , 2
B R AL B E B2 8 DNA B4 617 . 58 @
DNA FH L, ZeRifk DNA HAT 50 F 2549 17 5, LAREPE
T sl AT Wb SCR, F Ak o B R AR R A
b, (i FHZRL AR 5 1 2L 3l P AR 3 A% Z2 e Fn
LR SR 2% R, —HZ BB EZ%H MK
TRV ORISR R — AR R B A, XK /)
RURE AT T 23 07, DF42 B2 B 2 ki iR DNA J7
G, NG Tt A4 £ BE DAL T Rl K /N LR 1) 45 44 ot
itk R OC R S e ZREME . SRk /Y
WS S A B HE R 2= AR

B 25 BT — AR I B AR 0 % R Bk b 22 ) 2
Xt 7L 3h W st 4% AL 1 G BF 58 A A4S B TR A%
DNA K I, I 2 B8 2 1 254 4 5 DNA i#E47 4
Br. ZhifRk DNA Z5H 7 B Fase e bk Rt =X,
frist et B R R AE A,

A B — AR P A, FH Dlumina FF &
XFan A /NG 3R AT NSk I, £ SOAPdenovo $f
Fe WU oE B LRAR T A IF HEATIE RS, Rk /INBLRE 1Y
R DNA B IAE , Bk 16888 bp, Hi 13 -3
,22 /S tRNA 12 > rRNA 4., Hih GC 1
FRAA 44 %, LR GC FREBEEMT AT &
X S50 5 HALY A — 2, AR GC F R
44.4 %" JNED GC S8R 26.6 % 2 A0
BN TR E A () 15 NSRRI 51, LAZRoRE
AR G 2 P XA RIS 0 G, X A b 1) 3t A% 22 R
HEAT TR, 28 100 60 5 i %) ke Y5 A2 A AT
MERGEHEAL AT FR FRATT AT LA Al K /NS 7E &R
G AR B R — A Ak ST AN, FRATTIA R dlk
N — AT T 22 W R g E R, N
T it — L EUEX A S5, AT R G kA i =
AR T T 18 E ZREME 08T, Network (U255 R
GE IS R A1, HIEM 7 5 R
W LSRR KN RY R AR B 2 3 A 4 AR
Fe A LA 5 v 1 PR R 2 R PR A R 2 R
R 2R 3 B EE ML 2,

Tajin a‘s D 5 Fu’s Fs SR 560 H H DAE D Fp
BEY KA DT S, @SR Tajin a’s D 5 Fs (HE
, BAEge 27 ik 81 B 35 hn o, WU B 3 51 v 57

A P AR vh 5T 2 B A AR Ak, R RE T
INE LR S S YK P s K /NELE Y
Tajin a’s D 5 Fs (H M f{E H 25 5 W35, A 7 5HF
3 Wy B A TE R Al i v S T g Al ) 4 e
AR A BE PR S I AR 5K

TIHN TER G AP, 2= W58 JHR T S8
183 P Y 4 5 Rl K N B o3 BT A W) 8 53 3, T AR
Network Z3 7 H S — ST, HH B b B4 14 5t P
Al BE R RUK/INRE 7 S 1 kA Bt v e 18R
RIAZL PR 0 1 45 R AN E N G /KF E 3 ik
TRl /INRURETERE SRR S R rh i AL SE A7, T HL
IARRE T Rl K /INRDRE A SRy AL 5T 8 ot AT 5 H A
TR S R B LB I U L = S E o T
2PN Rl K /N B 2 v AR G 8 Tl b —Fly
EA UL

AR RlK /NEL R DNA $E 4T T 8028 1 20 #r , BR
THREMEA GenBank HYEUHE , A5 BHIEMR/NRUE  7H
/NS L /N TR g A5 A S 56 P /N BB 1 A
R DNA ZE17 HUEE A fritt— 2B 05T

S 3k

(1] Jbmtmi s AR W . SEe F/NELRG - o ) S5 S S
U DBI1T 828. 1 — 2011 [ S]; % Az Ht 2= 55 9 K& i i DB11T
828.2 —2011[ S];3gtf& Bt 4% DBI1T 828.3 —2011[S] ;%
FH2Z 2 W3 DBLIT 828.4 — 2011 [ S]; it & 4 %} DBIIT
828.5 —2011[ ST ; ¥Rk5 & i% i DB11T828.6 —2011[ S],2011
- 11 =10 %A ,2012 - 03 - 01 SEjifi.

[2] Pevzner, P.A., H. Tang, M.S. Waterman, An Eulerian path
approach to DNA fragment assembly[ J]. Proc Natl Acad Sci U S
A, 2001, 98(17) . 74 - 85.

[ 3] Angiero and Natalie. , Pigs Prove to Be Smart, if Not Vain. The
New York Times, 2009.

[ 4] Alschul, S. F., Gish, W., Miller, W.,
alignment search tool [ J]. J Mol Biol, 1990, 215 (3 ). 403
-410.

[5] Lowe, T.M. S.R. Eddy, tRNAscan-SE: a program for improved

et al. , Basic local

detection of transfer RNA genes in genomic sequence [ J].
Nucleic Acids Res, 1997, 25(5): 95 -98.

[ 6] Thompson, J.D., D.G. Higgins, T.J. Gibson, CLUSTAL W,
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific gap
penalties and weight matrix choice [ J]. Nucleic Acids Res,
1994, 22(22) . 73 -80.

[ 7] Rozas, J., Sanchez-DelBarrio, J. C., Messeguer, X. , et al. ,
DnaSP, DNA polymorphism analyses by the coalescent and other
methods[ J]. Bioinformatics, 2003. 19(18): 49 -67.

[ 8] Kimura, M., Molecular evolutionary clock and the neutral theory
[J]. I Mol Evol, 1987. 26(1 -2). 24 -33.



34

P H R BE 2R kR 2015 4R 3 H B 25 55 3 1 Chin J Comp Med, March 2015, Vol. 25. No. 3

[13]

[14]

[15]

[16]

Tajima, F., Statistical method for testing the neutral mutation
hypothesis by DNA polymorphism [ J ]. Genetics, 1989, 123
(3):58-63.

Fu, Y. X., Statistical tests of neutrality of mutations against
population growth, hitchhiking and background selection [ J].
Genetics, 1997, 147(2) . 91 -105.

Excoffier L, L. L., Schneider S, Arlequin ver. 3.0: an
integrated software package for population genetics data analysis
[J]. Evolutionary Bioinformatics Online, 2005, 1; 47 -50.
Tamura, K., Peterson, D., Peterson, N., et al. , MEGAS:
molecular  evolutionary ~ genetics  analysis using maximum
likelihood ,
methods[ J]. Mol Biol Evol. 28(10): 73 -91.

Dubey, B., Meganathan P. R.,

evolutionary distance, and maximum parsimony

Haque 1., DNA mini-
barcoding: an approach for forensic identification of some
endangered Indian snake species[ J]. Forensic Sci Int Genet, 5
(3): 18 -24.
Yang, Z. R. Nielsen, Estimating synonymous and
nonsynonymous substitution rates under realistic evolutionary
models[ J]. Mol Biol Evol, 2000, 17(1): 32 -43.

Chen, Huang. ,H. L, Yang H. Y., et al. Mitochondrial genome
[J].
Biotechnology, 2011, 10(13) ; 2556 —2561.

Wu, G. S., Yao, Y. G., Qu, K. X.,

of Taiwan pig ( Sus scrofa ) African  Journal of
et al. , Population

phylogenomic analysis of mitochondrial DNA in wild boars and

[17]

[18]

[19]

[20]

[21]

[22]

domestic pigs revealed multiple domestication events in East Asia
[J]. Genome Biol, 2007, 8(11): 245 —253.

Femandez, A. 1., Alves, E., Ovilo, C., et al. , Divergence
time estimates of East Asian and European pigs based on multiple
near complete mitochondrial DNA sequences[ J]. Anim Genet,
42(1): 86 -88.

Kijas, J. M. Andersson L. , A phylogenetic study of the origin of
the domestic pig estimated from the near-complete mtDNA
genome[ J]. J Mol Evol, 2001, 52(3): 302 - 8.

Femandez, A. 1., Alves, E., Ovilo, C., et al. , Divergence
time estimates of East Asian and European pigs based on multiple
near complete mitochondrial DNA sequences[ J]. Anim Genet,
42(1): 86 -89.

Yang, S., Zhang, H. , Mao, H. , et al. , The local origin of the
Tibetan pig and additional insights into the origin of Asian pigs
[J]. PLoS One, 6(12) : 218 -215.

Anderson, S., Bankier, A. T., Barrell, B. G., et al. ,
Sequence and organization of the human mitochondrial genome
[J]. Nature, 1981, 290(5806) : 45 - 65.

Bibb, M. J., Van Etten, R. A., Wright, C. T., et al ,
Sequence and gene organization of mouse mitochondrial DNA

[J]. Cell, 1981, 26(2 Pt2) . 67 —80.

(f&[E H#A)2015-03-03





