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Genetic Diversity of the Black Grouse Tetrao tetrix baikalensis
at Daxinganling Based on the mtDNA D-loop Sequences
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Abstract: The Black Grouse ( Tetrao tetrix) is one of the class Il national protected birds in China, and its
population is declining in recent years. To understand the difference of genetic variation among populations can
provide basic knowledge for the conservation of endangered species, and help to develop management strategies.
The genetic diversity of two Black Grouse (T. t. batkalensi) populations at Jagdaqi and Zhalantun, Daxinganling
of northeast China were analyzed by the polymorphism of mtDNA D-loop sequences. 118 complete sequences
were determined using DNA sequencing technology. 25 polymorphic sites, and 33 haplotypes were defined, of
which 4 haplotypes were shared between two populations. The nucleotide diversity (77 ) of Black Grouse in
Jagdaqi and Zhalantun populations were 0.279% and 0. 191% respectively, with higher polymorphism in
Jagdaqi population. The average number of nucleotide difference ( K) and the nucleotide diversity ( 7) were
2.608 and 0.228% in integral population. There was gene exchange between the two populations (N =
14.63) , and their genetic divergence was not significant. The estimate of Tajima’s D and Fu & Li’s D didn’t
deviate significantly from the neutral selection hypothesis( P >0. 1) for the two populations, suggesting that they

might not have been large-scale population expansion process.
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ZEXG ( Tetrao tetrix ) K J& T H
( Galliformes ) ¥AXYF} ( Tetraonidae ) , H E K 11 %
H AP B AR sh W, b R B s YLLK A 5 s
Yifh, BRERXGRE—ZRIFP T o0 A T RO R
i B BRAR AR R ST, AT XN AT
BT 7 ASF, FEAA 3 WA, AR A
(T. t. ussuriensis) 73 A T 3 [ 1 7N D4 22 04 F <
F L DX R Ah 73 A1 T s 2R L A 2 i
TGN AL W (T. 1. baikalensis) 5345 T K
LA AT IR A DLJR P LT L) R
T B 5, = A0 A T DU R RISt 1
AER s BrEE SRR (T 1. mongolicus ) 7375 T E B
iy NS ) N TN TS R S P o A 5
BB /R B M X R S PEALER . HoAr 4 SRR
GO AR AT (T 0. terrize) 5341 T J SR 4
k7~ 5 303 [ PG AP A I ) B S 5 B I Ao
(T. t. britannicus ) 53 A T JpA% =2 FI9CA% =2 ) 4t
8 A (T 1. viridana ) 7345 T H i i
A PG AR M M2 R A PE AR M S Bl (T e
tschusii) 43 A0 T P8 A0 I W7 mg &8 (5K 5% 98 45
1999) ,

B R AR A R B 1 3 A, (H R T
UL A4 B A5 A S B PR B IR, 5 33k
| X Y ARG W 2 982D, 1990 ~ 1995
AEPAALY 15 T RZEABDE] T 2004 ~ 2006 4F
PR 2.5 7 R A (FHiss 2009) , HAhRE
R R BB . T T A (2009 ) 19 A
WF5E R I, ARG H i A e o 1 X B T
Wil K 2 ) LG, RhRE RO G0 A AR 2L T B
P, BIEETENS BN FE AT T AT
LT AR IRk F 1 47 2K 45 ML, 43 A1 T FR A 50 000
km® BEZ000 2 600 2 TER VT EE A
TWErh SIS RN WSS 1l 43 A TR
15 605 km® , B25°4 9 000 H ( Zh#E4 2009) .
R M IX TR ZF R R R R 2000 1 630 A,
MR AT 11 490 km® (BUAREISE 2004) . K
T RIERGRIEE R PRI AR X BB Y 3 A%
RIS I N E, [N RIS ) Fh

BB AL 24T & T W58 ( Caizergues et al. 2003,
Hoglund et al. 2007, Larsson et al. 2008,
Hoglund et al. 2011) , 45 5 34 52 20 ) JR B2 0 Fh
R D D RN st A Z R E BRI

525 48 #7 /K DNA ( mitochondrial DNA,
mtDNA) AT BE R it A5 245 D1 22351 v S5
A B SRR . miIDNA AL AR 24 0k SRy
VIA% DNA B 5 ~ 10 45 (XIH#4F 2009 ) , Horgs
il X ( D-loop ) & mtDNA 43 H i 4k e b i) —
AR, b mtDNA H ) A DX ER 3 ~ 5 A% (R
hEJ745 2002) , B8 Z H T s ir kg e =
FEVE RIS AL 2540 | R 48 1A 55 07 T A RIF S
(FEEATAE 2001, 42 3CAF 2007, X445 55 2009) .
i A X PREEA B I 32 A vh A 25
M7 RRE AL Z R PE D5 T (CEARSE 2011) , A
SCINSE T 2R IS 15 25 FARFAS DL 2K T F1 22 o
ANHb X3 118 A B A= TR 3R X AL U5 WA Y
mtDNA D-loop X430, A LA T X A b
DR B X TR AY I8 % 728 S K F- , O SRR XS Y 38
1RO SRR 2R AT

1 MRSTE

1.1 SRIG#FRE SCIRARER E MOl R B A
SIAEDAG I v O BT DR AT (PO S i1 R TR
H B ) (0 InA% 3R A3 H X (JD, 42 A4S ) FIIFAS I
IRTTHLZ T (27,76 4) I EAZERS LA RE S
1.2 SEWAE  MH-w 5k DNA L. 0% 3%
JIE A 58 Mg FEL K K, - 20°C f£ 47, PCR 5%
(IR EE5E 2008) N gH1255:5'-CAT CTT GGC
ATC TTC AGT GCC-3', gl.16750:5'-AGG ACT
ACG GCT TGA AAA GC-3', 9" D-loop FEH 4=
¥4,

SR 2 BARF 30 wl: 10 x buffer 3 pl,
dNTPs (% 2.0 mmol/L) 2 pl, F F s ¥
(10 pmol/L) 4% 0. 6 pl Tag DNA RAEM/0.3 wl
(2.5 U/pl), in 25 B F KA R, 3 3G 5% 1
95°C il 25 P 5 min; 94°C 25 ¥ 30 s,55%C & P
30 s,72°C HEfH 45 s, 35 1 3 72°C LE fif
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7 min, 1. 2% BRARHEEIL AL VKA PCR 747,
BT PCR 77 H 25 Jb st A2 L PR 23 W) 44k (]
Wz, XL Y

1.3 F3HH SR A Chromos 347 A
TR, A XF G H SeqMan $#4% . Clustal W &
H) LT, W DNAsp v5 ( Librado et al. 2009 ) ff
JE AR THET S B[R] A R 22 A8 T A
BRI ZZ 35 AL R 701 I 2 A RS Rt , 64
Tajima’s D ( Tajimaf 1989) 1 Fu and Li’s D ( Fu
1997 ) PG 56 I T3 AR ) 1) 204k K F o H
MEGA 4. 0( Tamura et al. 2007 ) #4143 #7551
Z L MR B AL, TR 2R B
Tt 240 18, F NETWORKA4. 5 23 il % 4% 5 4%
KRE,

2 ZERHT

2.1 HEREEARRTR RMEEIEGE
HIXFEH 1 145 ~ 1 149 bp, HAF] 25 478 F
P, Horp B — 2 A7 45 3 A, T 2015 B AT
22 A/ BRR S A AETE T/C F G/A Bld,
WA, T.C, A, G ¥ & 550N
33.8% 26.2% 26.0% F1 14.0% , A + T & &
(59.8% )MHEE T G +C &5 (40.2% ) ,
TEDZE ) 118 M) mtDNA D-loop J7
G BT 33 A ERAE Y (GenBank B 5k
H IX965014 ~ JX965046 ) , H A fidii R W% 1,
Hi H1 (H2 (H7 (H13 R A~ X 28 58 30 1) 3
TEIAAEARY
2.2 EfRsHESEESK RER2 WiEfE
AR S ST AL, TN 352 FRE A a8 15 2R 1
FHLE A RE S AN FIRE ] A9 A% 1 R 08 S
(D)} 0.003 24, FhHERE] A 0 AL K- (F,) R
0.016 81, fEAR[E Y JE K (N, ) b 14.63 (P =
0.591 8) , 3¢ I W /> s B R R 1] Gt 35 A0 3%
AL BE,
23 ThEELENTSHN IR E N
(mismach) 437 fZR (& 1) 298 A8 ) 1) 22 14
2, miAERED 7k 1) F gt Ze B (Rogers et
al. 1992), 546, F 1 Hm % ik 2 Fh BE /Y
Tajima’s D {E M {H .Fu and Li's D {6~ 1FE{H,

SEAREE(P>0.10) , L2 AR Tajima’s
D {E M Fu and Li's D {HIAR 8 #E/NTFE, Ui
XA R0 T BE A 28 107 KBS () Rl E S i it
o AP XA SRR AE Sy — A KA R
Tajima’s D {1 Fu and Li's D H¥A L FIWE
W SCRRX M
2.4 BEEBAERST 33 RAGRIY
W 268 55 2% G R L (TR 2) ATt ) B s AL 2R
R, A FRUAFL =S i A 8 3 B & LA
Tk IR A RS R R 3

3 9 ®

Ik 35 A 5 L 2% T B EEAS A mtDNA D-
loop J¥ 4 Y, B AL T M e, G 1 & i i
R A+THERET G+ C KR, £
SE B R AR PE | X 5 A OE T 228 miDNA D-
loop MY IE & — 3, 7F 25 DR,
3 ALK A A A, A/ ER S5 AN FE
LRARIRSE 4] DNA Sk v, 38 0 & AR e 4
AR = T H 4, 75 = 28 28 1Y) D-loop X AL ANl
Ah X 5 mtDNA 316 i 4 S AH— 3 ( Anderson
et al. 1982)

R AR — R RS 3 SRS R
A A7 FE 1 RE 50 55 () B B AL S R b, 26
PERIREARKS 25 5 S BRI 0 K4, Al —
FRHE mDNA AL ZREHEA N8R . — R
F5HY[R] (- st AL BE2S (P) , P {EAE 0. 001 ~
0. 007 Z [P\ Ny = A8 RIE AR 55 — A
SERATIRZ A (), I (R /DN U8 B B 1R 11 3
2B, B T 7 (A% )8 T % F mtDNA
PO ALTE R R T (Y He B DR s — A
HEIAR ) miDNA 22 252 B B b B 4 %) B A% 784 ]
B 2 3 A5 5 B (P {E) K B ( Drovetski
2002), MASEAFFMBEMZ TR EEN
0.28% ,FLEHLFIEE R 0. 19% , JA% 35 & Fh
MBS mtDNA D-loop £ AP HL 22 da FpRE Y
o Wi X I BB RS 7 N
0.23% , HAZ TR 2 A M iy b 28 5 U R 35X
FHEERY 42 75 (0. 167% ) (B A% 2011) , {H H:
mtDNA 8% Z AR S RAR Y, I H 2 IR0
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F2 EEBLNE DNA ZHE
Table 2 MtDNA diversity of Tetrao tetrix

FPEE Population

Z4 Parameters s 3574 Jagdaqi FL.2% 1% Zhalantun At Total
JD 7T
JF51%L Number of sequences 42 76 118
BAAERIEC Number of haplotype 18 19 33
FEAEKL Total number of mutations 17 17 25
HAAERIZ FEPE Haplotype diversity (h) 0. 890 0. 831 0. 900
AFERZ FEPE Nucleotide diversity () (% ) 0.279 0. 191 0. 228
SRR 22 5 EL Average number of nucleotide difference 3.188 2.192 2. 608
(G+C) % (G+C)contents (%) 40.2 40. 1 40.2
Tajima e 56 Tajima’s D —-0.620 58 -1.078 73 -1.293 89
Fu and Li ¥:56 Fu and Li’s D 0.416 54 -0.227 12 0.679 61
025 030
A A Exp - I EExp
x5 D20 o= JEBRAHObS 5 --o-- SZBFAHObs
5 5 020
% 0.15 | §
0100 )
[ = 0.10
0.05
000 =3 1 LITT LY STV LYY TEY TEY Tax 1 o 0-00
0 5 10 15 20 15 20
B HE 2 R Pairs wise differences B HE 2 R Pairs wise differences
Age W HExp
--0-- SEER{HObs
% 020 |
5
2 L
g
= 010 |
R
R L
0.00 & L $o9t
0 5 10 15 20

B Fk 2 FPairs wise differences

1 ZERESSHEHEE
Fig.1 Distribution of the number of pairswise differences
A A IR AR B AL R LB,
A. The population of Jagdaqi; B. The population of Zhalantun; C. The total samples.

BAAEAY T Y i RS AL R R AR R
XTI 35t 1% 22 FE AR I AF 5T E SR X TR
DNA (15341, 45 R s 9 [ 55 P 1) R 5808 A
L T e 5 A1 3 R ) 45 4 N R R 8 i Y
JEM, O 5 B R B A Z R ME BRI
(Hoglund et al. 2011) ;fuf >% PEBERG Fj b 4507
PRI == 5 B sk R 2 R AT ) 2 2 S R A
iy 5 RN R B f: (¥ sk 20 ( Larsson et al. 2008) ;
A SRR T BT WO R B XS R R A 2 A AT

R 8 A UL, O ELph ST Pl A SRR I 2
PR B9 35t 1% A8 5 ( Caizergues et al. 2003,
Hoglund er al. 2007) X BRI 5T A5 AR AL £
FEVERRAR A S b [RIA SRR — 201

Wright TA S #F K ] A4 56 BB /D T 1
(N, <1), D03 B A BIR % 25 DR 3t 2 Al AR &
AL A 1 2 2L A (Neigel et al. 2002) ;
N, > 1, 5t B il B B 2 AR AT s A A 1] A7 5 ol 2%
1 A LA RSN S (A 1T 45 2004) | 184
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Fig.2 The median-joining networks of 33 mtDNA D-loop haplotypes
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A cycle mean a haplotype, the area means the frequency in a haplotype,the red means the potential mutation sites.
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