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FUHEAT T FEREFIIAE , 1 Clustal X DnaSP4. 0 Mega3. 1 SFAE W5 BF 3K, X 4280 20 AR FFITFIR T LUXH 4047, B E T 27541
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Ka A 26 DMRAEAL,, G HTFF SRR 2. 1% H P a1 25 A8 — 38005 A 1 AR 415 BALR. 20 M MAK:
W 13 ASRAER, Horp 11 MR RA MR AR 2 M RERL, 18 DG MR B RIS A (h) Jy 0.911 —0. 933,
B BREAEYE () 29 0.002 — 0. 003, BaA% R [8] 938 A5 BE RS 2 0. 003 —0. 002, HRHE AR T 18 AP FEK NI 207 &
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Pheasant ( Crossoptilon mantchuricum )

WU Yuzhen', WANG Mengben®, ZHANG Feng’*

1 School of Biology Science and Technology, Jinzhong University, Jingzhong 030600, China
2 Institute of Loess Plateau, Shanxi University, Taiyuan 030006, China

3 School of Life Science, Shanxi University, Taiyuan 030006, China

Abstract: Brown-eared Pheasant ( Corossoptilon mantchuricum) is a critically endangered endemic species, listed in the
national first-class protected bird in China. Since its population size is believed to be declining because of ongoing habitat
loss, hunting and other human activity disturbance. For geographical barrier ( Yellow River) and natural vegetation
destruction ( Vegetation of Taihang Mountain ), Brown-eared Pheasant has formed three isolating populations in its
distribution area including western Shanxi, north-western Hebei, western Beijing and central Shaanxi. Moreover, gene
flows through these populations was obstructed. In order to protect the genetic resources of Brown-eared Pheasant and
evaluate its genetic diversity at the molecular level, the complete mitochondrial DNA D-loop sequences of 20 Brown-eared
Pheasants from Pangquangou Natural Reserve and Taiyuan Zoo were cloned and sequenced, respectively. These sequences
were aligned to determine the polymorphic loci and the number of haplotypes by Clustal X, DnaSP4.0 and Mega3. 1. In
addition, the nucleotide diversity () and haplotype diversity (h) were calculated by the softwares above. The genetic

variation of Brown-eared Pheasant between Pangquangou Natural Reserve and Taiyuan Zoo in Shanxi was analyzed, and the
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genetic diversity and genetic structure of the populations of Brown-eared Pheasant were investigated. The results showed that
the lengths of mitochondrial DNA complete D-loop sequences of the Brown-eared Pheasant were between 1236 — 1237bp,
the average base contents of A, T, G and C were 31.0% , 26.8% , 27.5% and 14. 8% , respectively, and the average
content of A + T(57.8% ) was higher than G + C(42.3% ). There were 26 transitions or transversions (1 insertion or
deletion site was excluded) including 25 single nucleotide mutation sites and 1 parsimony informative site. According to the
variations among the sequences, 13 haplotypes were identified with 1 — 7 variation loci. 11 of them occurred in a single
individual and 2 were shared haplotypes. The haplotype diversity (), nucleotide diversity () and genetic distances
estimated from mtDNA D-loop region within each population of Brown-eared Pheasant from Taiyuan Zoo and Pangquangou
Natural Reserve in Shanxi varied from 0.911 —0.933, 0.002 —0.003, and 0.002 —0. 003, respectivly. The Neighbor-
Joining molecular phylogenetic tree of mtDNA D-loop in the 2 captive Brown-eared Pheasant groups in Shanxi was
constructed according to the 13 haplotypes. The NJ tree showed that the phylogenetic relationship of the Brown-eared
Pheasant individuals was not correlative to their geographical locations. The differences between the two populations on the
two genetic diversity parameters were not statistically significant, which meaned that there were no significant genetic
differences occurred in the two populations, and there were gene flows between the two populations. These results strongly

proved that the population of caprive Brown-eared Pheasant is in poor genetic diversity status.

Key Words: Crossoptilon mantchuricum ; mitochondrial DNA D-loop ; genetic diversity; conservation

8 % ( Crossoptilon mantchuricum) J& TXGTE B HER IR, B4R ZIA WA 6, N REFA K2
WRESR, BRX—FRI Y. BT, Ham Xyt m T 3 B ARE, BY (75 B 22 10 Bk 5w 3R Ap i
b5 X AR ER AR BTG B L A PRI o xR RS AT R B P AR A KA
B R AT AR O, 8 AR AL S M A SRR B ST IR D BARIE 20
ZAERAB XY B A OB A T B3 s i, (B T XE DX ER AR R Z T, XELUMRA gk
ERBGERE. T RO WF, R T ZRIPI S, FEER R R HBE SR, Hovse 2
PERR Z B, LB RSN SRR EE R BE ST 55 , AL MHE LT 1/ e TR, TR AR Th XS R IR AL 22 TS , X 48 5
WSRN TEFEARIPE B EE NP Lo SRLMI{A DNA (mitochondrial DNA, mtDNA ) JZME— it 57 F 2
MR N A T A7 7 T 40 MO 52 P 9 DNA 23 7, B HlE RARHAE, R R fe . 2N 2R % U
mtDNA SRBFFE SRRl Fh R R G R AR R AR 254 S 732K %6 X B R R
R TEEREAS . T mDNA ] X AR, 5 TR A Sh Y AR 4 SRR PRI PR 45 4y
AT TR A0 434k %5 O T A BIF 5T, I L AT ASR A6 530 S0 9 £ 8 2 3 it 4% 35 R B B o AR BRI A A
mtDNA 7 FHRIC , X1 T XY B SR PR s AL SRR AR L S AT oA, BE TR AT 7, g 53
A BF AN R FR I SRR 224K
1 #REFE
1.1 #H

A S e 56 PR RO AR i O - DESRIE B ARORIP X LD AR By 3 A (I BRE Ay 7 A, B BE SR B R R IXEF
R AR B LRI B A 5 SRIREAL B4, LR BB SE T4 S SR i TR B A AR . KR 30 %)
el M YA i 10 A, B E — R —F 0 B IR RS o
1.2 HE
1.2.1 #5344 DNA F9$RE

18 HXYHE il DNA 3R EL, ZoRi{R DNA D-loop §73# 5| 4 428 mtDNA 4% X8 Fi 514, 70 514 PHDL:
5’-AGG ACT ACG GCT TGA AAA GC-3’ ,PHDH5'-CAT CTT GGC ATC TTC AGT GCC-3’ ,D-loop &3] i) 43T
R SRR P SCHR Y B AT o B PP SO BV, BFCRE A TR BRA AT
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# E AR D-loop FF57E http://www. ncbi. nim. nih. gov/#£47 BLAST [F]JEM: Hb%, M Clustal X k{43647
DNA FF3 HEXT, FF3E AN TR o i DnaSP k{4 (Version 4.0) T &R LT RN () AR ZHE
PE(h) AR RWE(Nm) o A5 F 3% T R F—MEGA3. | B3 28008 W H R B[
B RIAE BALS LB R RS GETT 15 Kumra S HIE R %, N Mega3. 1 ISR T HI M 5
SR,
2 MIR&GR
2.1 FHER

£ 20 HAREE Fy 4 X 751 (1236—1237bp ) HrIL B 26 MBS 61, 2RO PRI R, £
AL T ARBY R XS, R R BN 1—T REE(R 1), 26 MERALRILE LT 13 R,
HEBR 1 AL H BRI A BUBRAR 5 , SEA I 3] 26 AbFedse FIE R AL A5, o5 AT e 5 B BE ) 2. 1% , o b A4 25
AbBE—Z2 A R 1 AL S RIS o 13 AN EPAEELh, PSR AR KRR 7 AR5 AL, KR T 3 el Fh e
A 8 MEAERL X PAFPREREIA 2 DM ILRIRAERL(R 2) . BAERIZ E )55 22 F7E 0.001 A1 0. 006 Z[A] (A
THEAFIBRK ) ,FH2 0. 004,

F1 BEANESEHHEMR
table 1 Haplotype and polymorphic sites

HfET 7Ag S 5 Variation sites
Haplotype 191 195 272 279 281 337 394 437 455 518 519 529 560 670 784 886 904 992 1030 1059 1096 1111 1115 1129 1144 1164
pqg 14 T A C T C C CT G C G T G A T T T A T A T A A C T A
pgg 1 C .
pag 3 G T . T . . . . . .
pgg 16 ... ... T . .. T . . T . . < . . . . . G . G . . G . . .
dwy O .. ... T . . ..T . . . . . T . . . . . . . G . .. G
pag 4 . . . . . . . . . . . . . . . . . . C . . . . T
pag s . . T . . . . C
pag 17 . . T
pag 18 . . T .
dwy 10 A
dwy 2 A e e e
dwy 9 e O
dwy 3 e N o
pag 6 . . T . . . . . . . . . . . . . . . . . .
dwy 14 A A . A . . . . . . . A . . . C

1 :pqgl4 %ﬂﬂﬁl?ﬁﬂ 'ﬂﬂﬁ 7ﬂuﬁ*ﬁl—ll§%ﬁi%ﬁ%3

R2 BERYERSH
Table 2 Number and distribution of all the haplotypes in the populations from Pangquangou Natrue Reserve and Taiyuan Zoo, respectively

T HAETY Bkt I
Population Haplotype Number Remarks

JE S 1 Pangquangou pqgd 5 pagl7. pqgl8 FLZE 1 A~ HAEAL, pggld 5

14 16pqed 1 .
Nature Reserve pagl4,pqg5 ,pagl6pqgd, pag3 , pasl , pqgd 7 pagls JEE 1 B
14 1 1 2 1
SO Taiyuan Zoo 7t e G AZ S B0 gyt a5 duyt oyt S5 1 g
14 (dwyl ), , pqsl6, pqgd, , pasl,
pgsl4 (dwyl ), pqgS, pqgl6, pagd, pag3, pag pagl4.pagl5 5 dwy7 .dwyl \dwy4 JEZE 1 SBAEAY,
# 4K Total dwy2 ( pggh ), dwyld, dwyl6, dwy9, dwylO, 13 N
dwy3 , dwy0 pagd\pagl7.pqgl8 55 dwy2 JE5E 1 A HLAER

EHIXFEFIF, WEAR T.CAG K& R55]0 26. 8% 14.8% 31.0% \27.5% , K A+ T G &
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(57.8% ) &F G+C FE(42.3% ) , R W3 B0 B M il M o 6 1 XU 5] S P 728 S O R B2 E
Domain | FI7E Domain Il , Ho A 5 B HE R Hi| & \EAHR K E R 751 (TAS) . D-loop J7 %1 i) b [i] X B ( Domain
1) RIEFHRFHY, SHE 5 D-loop 73—, 7E45 B39 i) mtDNA J#% [X. Domain I #1354 538 mtDNA {
SFIX 3, D box ,CSBI #l Bird similarity box FF%1],
2.2 BIEZREIE

FPEE L SRS SR (3R 3) 48 DG BE R 2R (h) P9 7 0. 916 (ZEALTE FE i 0. 911—
0.933) s B H PR ZHEIETFHME () 2 0. 002 (ZEALFEHE Dy 0.002—0. 003 ) 5 Horpr, P SR VA {47 X i B4 Y 25 e
J90.911, HERZ M 0. 002, P ZFEES S 0. 002 ; K J5 3l Fel 48 T X8 A it f) BRLA% 20 A% 440 0. 933,
BHBRZAEIER 0.003 , P53 fZBE RS 0. 003 BHAKE A H RN EE (Dy ) 4 0.2% o X PI/NFHRETE BLAG AL
ZHERMBHREZFERNSH ENERRBBI G F BEKF(P>0.05),

*3 FIMBEEFEN SEHISEREERSTYE
Table 3 Haplotype diversity ,number of haplotypes, nucleotide diversity and genetic distance in the Crossoptilon mantchuricum populations from

Pangquangou Natrue Reserve and Taiyuan Zoo, respectively

52l HfEm BAT R
MR EZ AL BALEAIEY ) EREE BHREHE .
i . ZHME ) Ui Er
. No. of Loci of No. of Average value Nucleotide L.
Population e . Haplotype . .. Genetic distance
individuals polmorphsim haplotype L of Nucleotide  diversity(ar)
diversity/h .
of sequences of variation
VSR ¥ Pangquangou 10 8 7 0.911 1.956 0.002 0.002
Nature Reserve
zj]f}% 10 19 8 0.933 4.067 0.003 0.003
Taiyuan Zoo
F&{A Total 20 26 13 0.916 3.005 0.002 0.002
2.3 BfEHE

A [ A% BY A F) Kimura XS HORAGHE R IR 40 GRS 13 > B3 2 18] 35 4 BE 28 19 91 v 0. 001—
0.009, A JE T B 49y bl A A P12 ] £ 3t 1% B S - 349 2 0. 003, T g 552 9 O 47 DX R R P/ 22 [ fp 3t 12 L 1
70,002, BEAIR] 20 N8 THXG A S-S5 AL B RS Ry 0. 002 FHE AR [a] FTEE 4k P F) 38 £% B 288 b F Rl — 7K F

F4 13 AHERY A Kimura WS HE G ER
Table 4 Kimura 2-parameter genetic distances between the 13 haplotypes

pqgls pqglé  pqgl dwy9  dwyl0  pqgd dwy3  dwyl4  dwyl6  dwy0 pqg3 pggS  pqgl8
pagl6 0.001

pqgl 0.001 0.002

dwy9 0.001  0.002  0.002

dwyl0 0.001  0.002  0.002  0.002

pagd 0.002  0.002  0.002 0.002  0.002

dwy3 0.002  0.002  0.002 0.002 0.002  0.003

dwyl4 0.004 0.005 0.005 0.005 0.005 0.006 0.006

dwyl6 0.005 0.006 0.006 0.006 0.006 0.007 0.007 0.009

dwy0 0.004  0.005 0.005 0.005 0.005 0.006 0.006 0.008 0.007

pag3 0.002  0.003 0.003 0.003 0.003 0.004 0.004 0.007 0.006 0.005

pags 0.002  0.002 0.002 0.002 0.002 0.003 0.003 0.006 0.005 0.004 0.002
pagl8 0.001  0.002 0.002 0.002 0.002 0.002 0.002 0.005 0.004 0.003 0.002 0.001

H| F DnaSP4. 0 BRAFTH5348 T A5 f B3 (R , 45t 48 S XY - ] A9 2 (X SR AR Nim = 4. 67 , KR
T Sl 49y Bl R A0 B SR 1) 18 AR AR DX R P AR 1] 4038 e B B 200, PR AREAF e — RE R BE I ZE TR ST
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2.4 REKRBRKHE
KIET ) 48 S XS Fh i 5 e R 1 R 37 X 48 T 3G —— dwyl4
FEE 13 SR T 5 AR B8 B n (B 1), FhEE Y :zjvi
A2 BB S A B P  R TR i
FAAE AEAE TR I BN B dwyl10 FEFEBEEK L dwy 9
#%, H5 dwyl4 .pqgd . dwy3 .pqgl .dwy9 .pqgl6 .pqgl5 () 73| paglé
MR RBGE , HE— R, 1 dwyl6 .pqg3 . pagl8., 0.01 pqglsdwyl(,
dwy0 .pag5 HI/MERREGE, HlA — 1R, Bl spPaes
ANRVRREE IR] A B 2 9 38 4% 404k , 150 B o ) 7 2 TR i pqg;iyo
Ko dsl pags
3 sHw5iTie - dwy10
Elliotsph

3.1 Zhifk DNA ByERPEBHE AT
LRk DNA 2 —FAi s AR, 25 B8 A8 m1 #8038 13 42455 MIDNA D-Loop X 5 5 #4514t
EBRBET R, AGET I FRARFRIER| T —/C, 78 Fig.1 Phylogenetic relationship among 13 Haplotype MtDNAD-

A R P B B, A ZANRMEEMAZE AR . 100P sequences. Elliots Ph represents outroop
BRI BRI 16 T B T TR RS BT, —igh P P REASUCTERR MIDNA D-Loop FF5)
RAERF 5% 36 % Rk R BT LB AL 56 R BT, ORI IR
DNA 52 {36 R HH Y GRS B A HEIL IS R HOE TR o Bk, itk DNA £ —4
AR BB ERRIC , B A PP R R AR IC A BOF R ECE 1 VO 4 2 — , BURE B 7 B AR X D I A
AFERNEAFE R RAMEREA AT DU — BRI IE S . AR AP T 10
A, LAZRRLAR DNA 53 FHnic s R s & AR 0E , XM L B B A VT D S B Y g — AR i a8t A%
H 5.
3.2 BEZFEEIRS T

AR, BHIF TAEE FIH mtDNA 43 FARC AR X Wife 5 KT T KRERBE S HEMEDTSE . Vallianatos M
L9 FHER R DNA 428 K AR 3 W A 38 AR LR A9 R A 37 ( Lanius cristatus) R B2 0ET T BF9E,
27 DFEERY 206 MM, 8 LT 23 A%, 267 bp KIZRLA DNA = X F5) A 17 NMERAA, &
BRI ZZREE (R) 24 :0. 8483 +0. 0107 , X F BRZAEHE () 7:0. 008980 +0. 005424, Jiang PP %" FiZ ki
{4 DNA 42 X R 1% WA 5 38 F UK R HE ( Syrmaticus reevesii) )35t f% Z FEVEHEAT T HFFE , il A5 i P 3% 1 351
K RBHEL BRI X AT R FEE () F3{E 0. 00150, A5 RI B 0. 584,36 MMEAHG 3 M HAE
T, B SR APRE B 15 SREVEAR R . Randi 251 FEBFSTIKIE A1 4 ( Tragopan blythii) 1 2 SE Ak F A8 H Lok A
HIX B BR S R84 :0. 04% —0. 28% , T Zhang B %10 #E R 55 2R 88 ( Nipponia nippon ) i) 2% ki A
P K, A 36 RAMAAL & B 2 AN AR, ik 0 1) FlE A 5 1 0t AR B 2R kA DNA 5 4 X 5 51 21T
PHE, R A2 ARSI 5 R AR R, S I B R BS 2 kL fA& DNA 2 § X P 5] 2864 3 1. Huang Z H
221 3% FZRiiA DNA 42 FARiC, BF5T T 84 /> [ B8 % ( Francolinus pintadeanus) {3815 Z ¥ebk , G5 - £ M .
491bp HZRIfA DNA $H| X P31, 24 DNAERALR B LT 25 NS, BB RI 2 HEE R 0. 79,
FREFEMER 0. 0042, AR ARSI AWV R S RAEFH ML, R X YA S KM BE SRR
=

PE SR B SRR X AR AR B A 48 S0 B AT N LAk, BT LAAS YR By BSORE i PT A ke e O SR 9 2R
PRI XA B AR B S SRR L. B TS EA WA RE(BTRY) , W=, MEWERE)R
FRTEA PR B b3 X IR N 5 N2, 2540 R0 8 32 BB EIR , FRAk B W5 AL B G B 2., (5 4 S X [ F R R 22
VRS2 RH, 3 B8 T R N SRS A3 I, AT 5 R R BB 280R , 3T 48 XG5t (& ZAE PR R T ok A
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FEHRDU T 985S , 248 XS TR FE R R Z —. 750, BRI BRI XIS EFT G ZIRE, MEZ
6] ] BEAFAE I SR BT IE R R R WA, il B T 48 D398t 15 ZREME K BAR, MAZ B R 4 R REGE
ARBL o
3.3 WAFEERRE ZE R T

AHFFT AT T3 20 A~MA R 13 A BAAE R ] F-F- 38 (L BE S O 0. 002, 51 301 XL 4 Fhig 3
ZRLik DNAR (953 F UM B L 45 5 : 413 (Alectoris chukar) & Z BB R BEES 4 0. 00, AL F: 5 KA XY
(Alectoris magna) >h 0.0017 , BE3#8 11138 ( Perdix Dauuricae) 2} 0. 0025 B45 R —2, #8 LG ME 2 8] B AL R ES
Bk o WIANFEEZ A AL A% 5% SR R/NIE R 22 57, (H SR (8] SRS AL 26 (93. 3%
vs91.6% ) W% HERZHME(0.003 F10.002) Fiigtf&#EES (0. 003 F10.002) 2 R KRB BN G it BEKF-(P >
0.05) , %455 W Bl SR AP A EF A AR 22 18] v R B B 3t % A 7= A

— YRR 1 SRR K IR B AR M R AL T 8 s R BB T I EE I & AR
FELGA AR, 5HE R RS AR, BEX R EP ML RIEC TR
LG FPHE R % ZREEMR B, DO GER 35 1% BT R R85 25 VE OB 5T , G4 ) B A R0\ T %5 48 S5 35 1
BE—2B ST, PRI TG, @4 S R B IR R R B .y T B L4 XS A SR AT, RS U gt &
THIMER, IRE R E TSR, st (% TTBRR X8 G AMR BT 7028, IRt R ST K e X8 2 5%
FHo INSEME XGAPRE A EF SN IR SE 56, AW KA THXG i 4070 X, SEBUXTAE T X8 i % ZAEERA
MRIF
Bist RS2 LIV B AR DB B TR I B DB SR T E R B B AR DR X Sl R B B KR T 3
bdl # PRES B BB A TR i R R 1 R rh SR ALY B TR BT o
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