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Sequence polymorphism of mtDNA D - loop of Francois’ langurs ( Tra-

chypithecus francoisi) in northeastern Guizhou, China
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Abstract: Northeastern Guizhou is one of the main distribution areas of the Frangois’ langur ( Trachypithecus francoisi) in
China, however, the habitat has been seriously damaged and population size of the Frangois’ langur has declined very
quickly, showing a distribution peculiarity of fragmentation in the northeastern Guizhou. Therefore, understanding the mor-
phological and molecular variation of different geographic groups of the Frangois’ langur in these areas is of vital importance
in designing conservation strategies. We used 79 faecal samples to investigate their mitochondrial DNA D-loop, all of which
were collected from the wild Frangois’ langur population in northeastern Guizhou. An additional 22 feces samples and 5
hair samples which were collected from the captive population in the Qianling Park of Guiyang were also tested. Finally, we
obtained 88 sequences of this region ( D-loop) , containing 395 base pair fragment nucleotides. We identified 30 variable
nucleotide sites of transitions and transversions, whereas no insertions/deletions was detected. 6 haplotypes were defined
and used to construct the population phylogenetic tree, which revealed the Frangois’ langur as an independent unit. This is
helpful for studying the genetic diversity and conservation status of the wild Trachypithecus francoisi in northeast Guizhou,
and important for designing conservation strategies based on the evaluation of their adaptation ability and evolutionary poten-
tial.

Key words: Francois’ langur ( Trachypithecus francoisi) ; Genetic diversity; Haplotye; Mitochondrial control region

M4 ( Trachypithecus francoisi) X 43 5%, KHZIW). FEoAAT#E, ERMIEER

EEWA: sUNERERS (RS LH [2014] 7057) 5 SN KA LRSSk (11904 -0514017)

(L]

ok s

Ak

EZ®E: WU (1987 ), 2, Wi-LAFseE, FENFIYBEMAGHMEDIY; g (1985 -), %, WL, EENFF

Y e MR GEHAL AT . # 3L R 5 — VRS
WimBEHEE: 2014 -10-24; {EEEHE: 2015 -06 —04
* JHIH/EZE, Corresponding author , E — mail ; zhoujiang@ ioz. ac. cn



Acta Theriologica Sinica oogo Acta Theriologica Sinica oogg Acta Theriologica Sinica

oo

3 1] WIS SN ARIL AR AR A RE mtDNA D —loop J¥ 31 2254k 337

B CHE PR Wi AG B A S A8 W Fh ik R 1R 5 O 29)
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S AE iy B Az TR AR 3 A R B 2 1 ML X
(ERFESE, 1999; WWI, 2011), Prst B A&
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Table 1  Sample numbers and collection sites of Trachypithecus francoisi

SR b s B AR A SR A (] HEASR ARSIt it
Collection sites and geographic coordinate Collection time ~ No. of samples ~ Sample type Total
% B0 5% & ST 5 1 B Feces
?Fﬂml??k Focha v kdﬂﬁ 107°8'40°E, 28°10"28"N 5 FRH Feces
uiyang Kuankuoshui e:ii??ya11 2008. 3 —2008. 6 2
AT 107°10"34"E, 28°11'18"N ;
Sujiagou ’ 6 FE{# Feces
TH ELR VM il i
) 107°35'29"E, 29°7'32"N 2008. 8 16 FE{F Feces 16
Daozhen Dashahe Xiannvdong o'E, 29 FRH Feces
LT BE R T S
AR T Hr i 108°9'51"E, 28°41'37"N 21 FfH# Feces
Yanhe Mayanghe Houwangdong
Z R 2008. 4 -2008. 6 ,
108°13'43"E, 28°37'54"N 13 F{F Feces 42
Laoyingdong ’ 2008. 8 FRH Feces
BINANGE
BaRARIE 108°14°27"E, 28°39'34"N 8 HAH Feces
Xiangbagoudong
Tt PHE R A 22 M Feces
Guiyang S/;'t ) 106°43"12"E, 26°34'12"N 2007. 10 —=2008. 2 27
Qianling Park uiyang 5 £ % Hair
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1.2 FEHZH DNA $2H
1.2.1 Z&{# DNA $EHL

$EWOT Ik th b E R B sh P T RASEIFSE
AR (Zhang et al. , 2006) , FE50 4% 55 kil , B
BT 15 mL B0 B0 S 7 B IG N
A 10 mL {J0K 21 RS O F FIERGHERE S
KELWHLREE AR T WA 3 mL AT LR
(0.5 mol/L EDTA pH8.0, 1 mol/L Trisl - HCL
pH8.0, 10% SDS pH7.2)#160 wL pK (200 mg/mL
HHEE K) RS, 55CK# 10 =15 h A7
B THARE 3 800 r/min B0y 10 min B FIEW, T A
A/INT 3 g VERTAY 1S mL B0 TR A O IUE
THWCTR Y 2.0 mL B0, fiTA 200 wL CTAB
buffer,70°C 7K 10 min; T A SEARFR 1/ & 05 — 5+
JHEE(25:24: 1) 442,10 000 r/min %5 0> 10 min,
BV RORAE A B0 A8 s B0 2 - 3 WG ] PCR
reai il & E. Z. N A Cycle — pure Kir( USA,
Omega 24 7)) Zlifbi 74, alifk 7 ) il 100 L i
4k, - 20°CHRTF
1.2.2 T kKFEM DNA $2H

SHBETLMZET (2003) KTEK DNA $£H
T, IR, S M BEENELT
200 pL PCR & (B4 BT PCR HIKHS) , 59
LERkm TRENI D, 710% CBEFHRER 2 K
(Kuig), MHEEFRKMEER 2 K (X%
i), BE A ARG, e A
50 WL i 4f 1) & 2 2% W (50 mmol/L KCI,
10 mmol/L.  Tris - HCL, 0.01% B J&, MgCl,
2 mmol/L F18& i K 100 mg/L) YA, fE PCR
3 E— R )F: 65°C 120 min, 95C
30 min, 4°C 10 min, ¥ F—2 B A9 PCR 8L
AT PCR AL, BT RRT . BIFEHE,
¥ PCR U AT BRI B0, B SO B IR AR I 22
73— T PCR A, RIS A /Y DNA %k, 7l
SCEME, R E T - 20°C LR

TSR DNA sk, Kl d 4 5 DNA
16 1. 2% BRI b H kA
1.3 Z&ki{k DNA (94 4%

19075 | F MR L 4 22 e Ao (A2 T DX AR R <F
XY e 4 %3t (Liv et al. , 2007): GH (5° -
AAC TGG CAT TCT ATT TAA ACT AC -3’). GL
(5’ = ATT GAT TTC ACG GAG GAT GGT -3’ ),

PCR 43 S Wi AE 40 pL (1 SO MARFR 4T,
H1E 20 wL Premix TaqE (5 TaqE, 10 x loading
buffer, dNTP F1 Mg’* ), BSA (10 mg/mL) 3 puL,
. =514 (0.4mmol/L) £ 1.5 pL, #Hg DNA
(500 ng/pL) 4 pL, M4k 10 pL, KN FM4H
94°CAEPE 30 s, S5CIR K 30 s, T2°CIE 45 5,
JEAT 48 AMIEFR, SOV H/E 94°C HUZYE 10 min, Jz
NG HRETE 72°C T AEH 10 min, 4°CLRAE

Jii5 PCR P43k 1. 5% (% BB RS B R e v
KRN, A5 2 A PCR 18 7 Wik A ot i FE 5L [
8wl AT AR
1.4 Jp35rHr

D745 F2 38 58 NCBL b 3F 47 AHRUPE Fb X B 5]
J&, i Clustal X (1.83) (Jeanmougin et al.
1998 ) B4 i 47 [) 5 Lk, AN AR X A IE
FH DNMBE {41 2 S5 0 K F MEGA4. 0 14
GO SVARE . GE T RE 2H AN 4 5 B4 (R
A S H AR, FT Kimura SUZH00% 315 5% AU [A]
P 6iY (3 SEp=

H1 T D-loop J¥ 41 v i 5] 29 15 AL sl b, &
Ik #404%3: (Neighbor joining, NJ ) Fldg KIS
B (Maximum likelihood, ML) # & R SG KB W,
VIR & 0f M ( Trachypithecus obscurus) . 2B A N4
( Presbytis melalophos ) Fll [ B& I % ( Pygathrix
nemaeus) AN, GenBank 543515 AY863425
DQ355299 . EU004481, F15|F Liu 58 (2013)
I PG AR A AR LY 91 5 5 2R AL AR R A 1) 81
MR ZRGE KB M. ModelTest {2 /8 B 7E HKY + 1
BN AR (B B, DRI TR AT ol FH I A R ey
ARG REW. R AKHE WM PAUP 4.0b10 i ff
(Swofford, 2002) FJ#H, ¢4 ML F1 NJ 2Z#if,
{#i F§ ModelTest 3.06 (Posada and Crandall, 1998)
X PRA S B B AT e PR, JF#ET1 000 Y 1y ih
¥ (boot2strap) .

2 H£X

MR FEEAE S, 2 e 3 5 PR 2
DNA JE3 BRp e a0y 34 74, L3R5 88 Ak
A PSSR T BT BE 5 (ZEAEAR A RO 938 1)
N 82.2% , T AR AP G KA N 80.0% ),
23 X RS AR B R SIS R Y
FP31 53 I AE GenBank b #EAT WP LXS, 455R 5 %
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-4 D-loop [A] 5 X B 3 S AHALLEE Oy 96% , iES2
P4t Remi 22 H 7 Beo
2.1 Rk mtDNA D-loop X380 1781 B4R A 50
TEARJE 9 395 bp 1) D-loop X Fr BrHr, LA BA
30 NMEFAL AL, HOANTFEIIKREER 7.6 %, THAE
RARIE AN ARG, BEAT ) IR HE A AT I
A FEIE 30 DTSR E LT 6 4
i (£2), Hh@H2 4 (GZ1, GZ2), JHE

24(GZ3, GZ4), Wi 1 A~ (GZ4), B RN
FRHE3 A (GZ2, GZ5 F1.GZ6) , WM FRIHI Y 4
MR SE R 1A (GZ4), B RA S %M
WA (GZ2) , 5 FAT Y Z 8] (1) ~F- 34 1545 BE 2
(P)#0.028, PAfEHAI GZ2 il GZ4, GZ4 Fl GZ6 %
IR R/ NsAR IR 5 0. 003, 1 GZ5 545 B A% R 1] 5t
eI B EK, FHEET0.05(%3),

x2 BHEBESNEERIRESSMRSE

Table 2 Distribution of polymorphism sites within the mitochondrial control region of Frangois’ langurs

2 75451 5, Polymorphic sites

iR = AL T B

The number of shared haplotypes for populations

A [ 011111112 2222002203 3333333333 ] Uenbank K B o
Haplotype - 564009990 0022355570 2334455679 1 Cenbank NO- i i i s
[ 5806345682 4548302814 9166714633 | Suiyang  Daozhen Yanhe  Qianling Park

7 CGCATTCCTTGGCACTCGCGTGGTCTTACA GU329943 1

CZ2 . AA. oo ACALLLT GU329944 1 1
CZ3 il AALT. ... ... AA. .. ... T GU329945 1

GZA . AA . Ao T GU329946 1 1

CZ5 ... CT.. CACT. TC. A. AC. . C. .. TTT GU329948 1
GZ6 T AAc .o A, T GU329949 1

= NIRRT

# refers to parsimonious sites; ‘.’

FR GHE DR (GZ1) A7 MR A BAE L AR
represents identity with haplotype GZ1

F3 BMEmDNAEGIX 6 AFRFIERETSLE ( MREZUT) MARZFRZ BEERERS (Kimura-2 - parameter) ( XRAZE)

Table 3 Percentage of sequence divergence ( below diagonal) and Kimura 2 — parameter distance between haplotypes ( above diagonal) of Francois’ lan-

gurs by portions of mtDNA control region

GZ1 GZ2 GZ3 GZ74 GZ5 GZ6
GZ1 0.013 0.015 0.010 0. 039 0.013
GZ2 1.27 0. 008 0.003 0.034 0. 005
GZ3 1.51 0.76 0. 005 0. 042 0. 008
GZ4 1.01 0.25 0.51 0. 037 0. 003
GZ5 3.80 3.29 4.05 3.54 0. 039
GZ6 1.27 0.51 0.76 0.25 3.80

2.2 SUNBRMBERG R E W

FRATR A [7] 1 5 28 T 9 3 Sl £ 74 o 2 i) IR
JE . BAGRUK (B, NS TIREE)  FIR K
(&, REMERE) LT SN R IR
RGRFM . H1T ML A H NJ AR 40 45 0 S A
—5, KRR NI (K2), ELFE R
ARG, RIRT L2 38 FUR XL B R A

bl 78 % 00 2R 0 BhORE R ORY BAAE B, fE RS
DR SR AE U B AR R SR, BT AR R
XA RS, BRI A, MR 2,
REBH B . R NE E, kA SR
JLFHRAN) PGB SR A AT AR SR, (HAE/ NS ]
FUE B, oK B A5-EL 00 SAR BRU A S BECRAT i IX ™ 4%
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Fig. 2 Phylogenetic trees based on sequences of the Francois’ langurs’ mtDNA control region in northeast of Guizhou and Guangxi

WRG R TR L, 500 577G (S S 2
SY3 A (AL B C) BARERE, C AL TE B4
S ST K 9, T S B (A
B GUPEIRI G (BB R 78 M 1 A 4
(FE2), WM ERRE RS O g I W4
TRl S A BRI AR A0S L —2e , {H Rl
M ST SR, R SO ST I 2T RE
3 W

MR TR B (P) SR — 1 Fl
B miDNA 85 2 REVE 0 T B 4547, K 2 B0 3L 3
WY PAEHFE 0.01 LA L, 38 3 A 2 1] 0 o Py 2
S WP G T 0.01, Bk Kbk b 5
(Lan and Shi, 1993) , AHFZE st M 75 L 56 X 28
I 6 Tl 2 2801 1 140 388 4 HE RS S 0. 028, KT
0.01, BEMTIHLHY X SR LA Sk, 5
BN R, LR, B e R
A B SRS (W%, 19935 7 W],
1995), RIS KA AT 20 4, AHT5T

T SRR A AR, R BUIN A SR A AR
JCHBA DRI P FE ]38 A & AR B IEEAR 5 AR AT A o
BEBCR AT, SO SRS X A A
FEARA BEW TR, WM T SME Bl 2
FEPERSR (MM, 2008; #HRI, 2011),

20 fit22 90 AFAC LAHY, BMHAE SN /Y 11
MR R A (B SE, 1993; Z=W]§h, 1995),
AP AF R AR = AR T B R, W MR R A T
#, BT BT 4 A Bpe /NI 4% i
TERMT LB 6 A g Rl YT | 38 BN 2Z [T
AR AT 4 A, HA R 4 AR AR 1 AR
51 (GZ4) HixH58 58 it £
A I T S A A DX, VRS 2 (R Y IE
55 NA BB (P %5E, 1993), BB A
Hi DX () PR B AE I s B —E RE IR,
T IR AE I I 55 38 A — AL B2, ] BE
b PR b 3L B TR I MR PIT

AR SCR IS M4t B v 5 ZR AL R4S SR A
RA—NRMELR, 5 AR RERA SR, £
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WAERZS TR R b, BRI ARAR M S A it ] g 2 ()
2R, MR B R LB A Y S it 1 I g 2 ] Y
KFo FUMNARACH R AR g — Ak L AL .0
FERLINGR A o (E H AR A AR 4 X B S
KENWTFFENF TR DL, R R ANl 2 #
RO, I S ECR AR AR i — 2
BEWEAL (AR, 2011) , A s £ 1 DX 19 i A=
R AR OR 71 A TR PR

A 53t A B AL 2 S B A S W i A5 RIS
%, AR TR s BBy 2 E R . &
TR SR E S AP Z A B —E o, fE—
TEREEE BRI T NS S REAIAL , R AR
KIEWAEH . ik, WTmM%H%%%BW%%
K JEHE AN A X LA A BT A TR, ST A
ASERIE, PASEBL B AR LA [A) Hu X R AR 8]
MRERIAZIL, A XA R IEA R PR PRI
AR R A A 2R

ﬁw-ﬁm”%ﬁﬂTmﬂ%mﬂl%ﬁﬁ%%%

2 BHSE R 7K F SRR X RITE B RV SRR
B%ﬁﬁih,u&@%h T SRR K
Bl Sege i B A5 2] BB sh A 5T B AR dr AR 2
WAEHF AT 51 . XIRBE RIS 51, WFosi:
ROHEEN . FA . P07 INERFE S R,
— B0
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