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[ Abstract]  Objective To compare and analyze the genetic variation and differentiation of two tree shrew popula-
tions from Guangxi and Yunnan, to promote the breeding of fine strains of tree shrews and optimization of experimental ani-
mal models. Methods  Sixty-four blood samples were collected and the gene DNA was extracted, 32 from the Guangxi
and 32 from Yunnan populations. PCR amplification products of the nine fluorescent labeling simple sequence repeat
(SSR) markers were detected by capillary electrophoresis technique and various bioinformatics software were used to ana-
lyze the genetic diversity of the two tree shrew populations ( Guangxi group and Yunnan group). PCR amplification was per-
formed using 9 fluorescent-labeled simple sequence repeat (SSR) markers, the amplification products were detected by
capillary electrophoresis technique, and various bioinformatics softwares such as Popgene were applied to analyze the genet-
ic diversity of the two tree shrew populations. Results The average number of expected heterozygosity and polymorphism
information content among the 9 microsatellite loci of Guangxi and Yunnan groups were 0. 703 and 0. 725, respectively. The
mean value of Fis was >0 in both groups. The results of the tests on all the loci with Hardy-Weinberg equilibrium and link-
age disequilibrium showed that four loci (CCBL1B, CCDC61, EDA1 and OPA3) in the two populations exhibited signifi-
cant deviations (P <0.001). The study also found the genetic similarity between the two populations was 0. 28, while the

genetic distance and unbiased genetic distance were 1.277 and 1.268, respectively. The results from AMOVA analysis

[E&TH]EEAAREEESTH (45 :81260080 81460418 ) ;7 14 H ARFF 2 FE 4 10 H (445 :2013GXNSFAA019210) ;) PHRHE Fefili 5%
PP S EHEEIH (45 :10 - 108 —25 11 =31 -03) ;] PUIFE A E BIFTTHRIFE BT H (45 . YCSZ2015114) ,

[MEEE A ] (1986 - ), Zo, B BIFSE 5L, F5E 05 1)« BE 2= SR B4 °F o E-mail : tangyanpingl986@ 126. com,,

[BiEE ] H B (1973 ), B, 0F58 50 , WF5 05 ) A R RBERY B9 F5Y . E-mail ; caojicn@ 163. com



rp [ SR E AR 2016 4F 12 A5 24 %556 ] Acta Lab Anim Sci Sin, December 2016, Vol. 24 No. 6 573

showed that 61. 57% of genetic variation occurred within populations and 38.43% occurred among populations. Further-

more, structure analysis showed that the Guangxi and Yunnan populations studied in this study are divided into two single

subspecies belonging to Tupaia belangeri. Conclusions Our results consistently indicate high genetic diversity of the two

tree shrew populations, and their genetic variation is mainly of intra-populational origin.
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Tab.1 Information and annealing temperature on 9 microsatellite loci from the tree shrews
ErY BsEs] SR SIS -37) B /C
LRk B/ GenBank p . ; o
. . Repeat  Flueorescent Primer Annealing
Locus Size range accession o y s
motif label sequences (5’ =37) temperature
number
F:TCGCCCCTCACAACTATACC
°C - i . - AG :
CCBL1A 324 -338 > gi1558064534 879582 — 925420 (AG), FAM R. CCTCTCAGGTGGGCAAAGAA 58
F:CTGCTGCACCAGGGAATAGG
- i . - AG '
CCBL1B 342 -354 > gi 1558064534 :879582 - 925420 (AG), FAM R TGTCTCTGATGCCCCGTGAA 57
F.:GTGGCTTTGTTTTTGAAGCAGC
“CDC - i . - AAT '
CCDC61 167 -179 > ¢i 1558068208 ;3985812 —4010079 ( )7 FAM R:CATTACGCTAACTACTGG 59
F:TCTCATGCCACGTCTTTCCT
— i . - ATTT :
EDA1 489 -529 > ¢i 1557962798 : 351759 - 266704 ( )7 FAM R.CTCACTCTGTCCCTCT 55
F:GAAGGCAGTTACTTTCCCGC
_ . o B TTTG :
OPA3 433 -449 > 1558068208 ; ¢3466190 — 3404814 ( )6 FAM R:GGGTGGAACCTGATCCTCAAG 57
F:CCCCAAGTGAGGGCATTACA
3PS - i .c - TTA :
RALGPS1A 423 -435 > g11558064534 ;2754549 -2470366 ( )6 FAM R : GCTGGTAGGCACTGCTACTG 54
F:ATCCCACGTGCGACTTTGTA
3 B o ) B TCTT :
SLCA5A4 427 -483 > ¢i 1558065195 ;2077523 —2150050 ( )16 FAM R.CCCTGGGAGGTGTGAAAACT 58
F:AACATCCTGTCCTGCTCCC
- i . - AG :
TP53 177 -203 > 211558065239 .842295 - 867393 (AG), FAM R:GGTGAAACAATGGAGC 56
TRIM23 171 -183 > ¢i1557961907 ; 430891 - 390111 (ATTT) FAM F: TCCAGCAACTICTGAGTCCC 59

R:AAGTGTACCCTCCCTAT
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B A A SRR RE A B Y IR S AR R
IR I Fr BeoR /N
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=, ] F Microsatellite Toolkit ( version 3.1) . POP-
GENE (version 1. 32 ) B4 155 4 5 DA e 25437 & PR 4
(Na) H RGO FEFEC(Ne) LI A% 4 B (Ho )
BA%%5 % (He) \Shannon 5 B8 % (1) 4615, IF 1T
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AR), Z&(5 B & (PIC) i H] PIC-CALC K43t
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Fig.1 Results of EDA1 in Guangxi tree shrew individual genotypic alleles analyzed by the Genemarker;489/493 bp
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Fig.2 Result of EDA1 genotypic alleles analyzed by the Genemarker is 493/502 bp in the Yunnan tree shrew individuals
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Tab.2 Genetic diversities and Hardy-Weinberg equilibrium test of 9 microsatellite loci in the two tree shrews populations

JTHE(GX) ZH(YN)
Guangxi (GX) Yunnan( YN)
V7 1 ik 2 PN % i 2 =
P d En R om
¥ REE KB ) 88 PHW ; =y 8% PHW
Ry RAE REE TG LT S S S TR
Ne PIC Ne Ho He PIC
CCBL1A 3.220 0.813 0. 700 0. 633 1.319  0.210 1.534 0.406  0.354 0.297 0.582 0.123
CCBL1B 2. 149 0.219 0.543 0.474 0.910  0.000*  2.547 0.938  0.617 0.527 1.075 0. 000 *
CCDCo61 2.779 0. 125 0. 650 0.576 1.204  0.000"  1.438 0.123 0.310 0.258 0.483 0. 000 *
EDA1 3.710 0. 281 0.742 0. 690 1.504  0.000* 1.932 0.147  0.490 0. 366 0. 676 0. 000 *
OPA3 2.359 1. 000 0.585 0. 486 0.934  0.000" 2.186 1.000  0.551 0.438 0. 849 0. 000 *
RALGPS1A 2.092 0.531 0.530 0.465 0.894  0.064 1.255 0.188  0.206 0. 197 0. 485 0.228
SLC45A4 5. 069 0.813 0. 815 0.775 1.705  0.982 4.935 0.719  0.810 0. 769 1.747 0. 286
TP53 2. 096 0.438 0. 531 0.427 0.828  0.605 3.396 0.969  0.717 0. 651 1.291 0. 000 *
TRIM23 1. 205 0.125 0.173 0. 155 0.311 0.228 1.421 0.156  0.301 0.272 0. 560 0.004 *
Mean 2.742 0.483 0.586 0.520 1. 068 2.294 0.516  0.484 0.420 0. 861
St. Dev 1. 134 0.327 0. 185 0.179 0.415 1.202 0.423 0. 206 0. 194 0.434
¥ :PHW, Hardy-Welnberg V#7656 P {5 ; * , 2 W2 Hardy-Weinberg 45 (P <0.01) .
Note. PHW, * P value from exact tests of Hardy-Weinberg equilibrium ( HWE) , showing significant departure from HWE (P <0.01).
2.3 BHIEMARELETR AL R E 62 ASAF (L N, e 8% TRIM23

15 64 AT PE = g BRI IR b 9 AN AOSEOZEE I EUR 2 (T 3 ) s SLC45 A4 B Z5L
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Tab.3 Genetic characteristics of 9 microsatellite loci used in this study

— -
AWM mE sE R ) W bl FiE
- S DA Jot o T PN - i . ZND 8143
ﬁLﬂ—‘T\ glﬂf& %‘rfﬁb% R\ R HE\ EB_EI Tbﬁ( WJ& lﬁi Hﬂ;j:b
Loci OB HR R i K e i
. N, H, H, PIC AR Fis N

Fit Fst
CCBLIA 7 3170 0.609  0.690  0.731 5.878 1.377 ~0.175 0.110 0.242
CCBLIB 7 4.559  0.578 0.787  0.755 6. 485 1. 649 ~0.012 0. 259 0. 269
CCDC61 5 3542 0.063 0.723  0.674 4.971 1.399 0. 868 0.913 0. 342
EDAI 9 5.082  0.141  0.810  0.776 7. 849 1.783 0.768 0. 825 0.245
OPA3 5 4.309 1.000  0.774  0.743 4.986 1. 505 ~0.788 -0.302 0.272
RALGPSIA 5 2.368  0.359  0.582  0.630 4.629 1.045 0. 009 0.378 0.373
SLC45 A4 14 10.002  0.766  0.907  0.895  12.824 2.419 0. 043 0. 149 0. 111
TPS3 7 5,185  0.703  0.814  0.780 6. 871 1.753 -0. 145 0. 129 0.239
TRIM23 3 1.314  0.141  0.241  0.541 2.995 0. 484 0. 397 0.412 0. 025
Mean 6. 889 4,392 0.484  0.703  0.725 6. 388 1. 490 0. 080 0. 306 0.235

2.4 BEBEEMEESL

3 Popgene 1. 32 BRI ) VG Al 2 R A4 I
Nei(1972) st 85 Ailist 4% [7] — P43 51k 1. 2770
F10.2789, Nei (1978) JC i 15t 1% FE 5 il st 1% ] — M
A3 94 1. 2680 F10. 2814 ,

FIA Arlequin A HTHY AMOVE 43 B 45 I 79
AR W B R a5t A 45 0 AR S A A A L, 45 R R
61.57% Wt T A& 35t 1% A8 5ok A F B iR N 38,
38. 43% fAAE T REARZ ] BEARI O 287 A T 4% 0 35
Hy 3L 4k (Fst =0. 3843 P =0. 0000) ,
2.5 =fEEM

L Structure FA X ISR RIHE AR A 64 S
ARMATRE M, R BN, Y K =2, AK 8

AH S 3 5 EL U I KA, 327 AR B 5 1% R 1> i
I 64 RS TR0 R 2 ANERIETE , i EL A
BEAAR ) AR 25 R AR AR X A ST Y
2.6 MMM WER

ST A BT 5 5 (WL 4) BoR, T VR e 7E
TAM F1 TPM 3 R A58 AU R 2 0 125 T 28748 — A% F-
iy, RPN B 2 A BE R (P < 0. 01) {HAE
SMM HR AT R Ah 2 5 A8 IRV (P > 0. 05) 5Tl &
PP RERAE 3 PO AR BRI T | BAR R 22 5 B
) EY R A E K (P >0.05) , XL
SEILFW T VU R R 1A 98 AR VAR A G B P ERR A
IR T REZE ) TSR

R4 AR STEONAS I

Tab.4 Bottleneck analysis in the two populations

Sign test Wilcoxon test (one tail for H excess)
it S NIN
. . . 1AM TPM SMM IAM TPM SMM
Populations ~ Sample size
H./H, Prob. H./H, Prob. H./H, Prob. Prob. Prob. Prob.
JUPE(GX) 32 8/1 0.0320 " 8/1 0.0470 " 5/4 0.5622 0. 0020 * 0. 0068 * 0. 3262
= (YN) 32 6/3 0.3037 5/4 0. 6317 4/5 0. 3368 0. 1250 0. 2852 0. 6738

T He/Hd : 24 A LB 2 B AL B2 L * BB PR (P <0. 05),

Note. He/Hd: represents the ratio of the number of loci with a heterozygosity excess to the number with a heterozygosity deficiency. * Significant deviation

at P <0.05 from equilibrium ( bottleneck) expectations.
AJ \A
3 g

TER TR AL A T 3k v, RO ERR I i T
-4 [ BT B AR BA% BT B0 B e A A I R A R
REORE T g | AN A5 28035 Wb ) P S T L AT 4 g

IIRTAE R AP . AR50 IR I I B HL Uk B
ST IR R, A AR 23 Bk AE ) A5
2275 T FRI SN fof S 36 45 SR 1) Af 2 32 B4 R ) PR
il TR 2O AR IO TR - 40 A8 L Uk i, R
FPAX A SR M i, BA fag (AR BE SEHT
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Z A BRI PIC J2& R BRAER A AR s A% A8 S AR
Y EE SR, FLAE R 1 B % A S g, J 2
ik, ASHEFE WA B K F- 34 He 4 0.703, & T Liu
ZEDVRI P AL DNA X Hp 4 A i ast 14 22 250 (4 A
52(0.616) , MK T Munshi-South %' %5 JF A i
BERATTZE (0. 74 ), HE 0 H BRI b 22 5 4 JEL IRl i
5545 A TSR R B R S ol | 35 486 1) T A B i LA Je
Rl F B AN i) 4 5, Botstein %50 0K 24 PIC >
0.5 W, ME LN &, % PIC 5 0.25 ~0.5
B, S EE 2 A A Y PIC < 0. 25 B, N Rk EE £
AL, ARFFELER W PR = B R AT 35
PIC 73514 0. 52 1 0. 42, 387 1 19 4B R A 11 g
e 2R

Chen 25100 38 35434 2 B J81 170 B A6 A4 B0 mtDNA
P DX P ) e B2 (B A% 1 R 25 57, % LA Wl e 1
AELE AR 5% 25 S, 22 WY e 2 AR B 5L A 365 v 119t
T2 FEtE . ARSI HE Z A0 LB R ) DU
FERAY T2 Ne He (PIC |1 fE RS 55 T 2= 1w A4 Wi 7
R (A2 5 R E  RHWA R A 2B R E
B B AL AR B U B SRR R B, B
A E— BB WA EAE ) 2 S R R A ]
AESE B AR PR — 5. ) VAR RS2 BT A 1, 2 B A R
JESEEG IR 3 58025 S5 0 SR B 2448 5 1 s
K,

SRR 3845 A8 55 1T LA A AR R P R R A 1]
BB SR, — M Fis | Fst R Al & fF AR 3
SERBEARIEI 8 A5 AL RRE . Fis, B SE R Y A9 30 58
FRH, T A A SR AR PN D 5 S 3k -3 A1 A9 S i 1)
PR, ARWFSE R I Fis SERT 0, Ul WIR RAEE (4
PR L AEAE T SR AE L, (AR N 40 A Fis /T 0,
YLD FAR T 2238 RAS . Fst 52 L ) 2 0 42 1]
WU RRRE . ARHFIE & BRI ERY Fst ¥{E R
0. 2352, UL BV T B AR (B A7 1 B 40k, T 2oz
RALTFE

TEWA 578 B8 RN T e B BRARRE L T,
RN Z AL T —Fh 3t AL P R A B i T TR
HWE PR R KL, EREAL L sC AL A Tk #5
SEH RS GER M G IRAR AT B AR AT S
HWE - i A ) AL /D A S 56 7 A A R 1
() HWE S 4G 245 55 2 BRLRIT i 15 4 3504307 sk Ak
TR, 0B A R A R 45 0 R
Ko Z BN EPLEAR e SEARSE IR FEm , HED

AW FE R R A AL T A SR A 1 I R 5
— , H AT IR 2 5 FE A RS /N | ] 3% B 1
TR RBICRR AN S ) BB 0 ) T R A AE — e 2 I o —
e 22 MRS 3 37—, A N A7 A6 30T 2R 28 L, AT il 548
OYFAA FER EG 5 = AE AR B AR R N Tk
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