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Genetic Variation and Diversity of Gymncypris eckloni in the Upper Yellow
River Inferred from Mitochondrial Cytochrome b Gene
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Abstract: Gymncypris eckloni, being distributed mainly in the upper reaches of Yellow River and lakes in the
Qinghai-Tibetan Plateau, plays significant roles in the trophic web of plateau freshwater communities. In the present
study, the complete sequences of the mitochondrial Cyt b gene (1140bp) from sixty eight individuals representing five
populations from the upper Yellow River were obtained to assess the genetic variation and diversity. Within the aligned
1140 bp bases, 30 (2.63%) nucleotides were variable, and a total of 18 haplotypes were identified. The results showed
that the haplotype diversity and nucleotide diversity of Gymncypris eckloni populations were low by comparison with the
other species of family Cyprinidae, which maybe related to tectonic movements and paleoenvironmental fluctuations of
the Qinghai-Tibetan Plateau, and that the populations have experienced bottleneck events in history. The AMOVA
analysis indicated that the genetic variation mainly occurred within populations instead of among different geographic
groups or among populations within among different geographical groups. There is no geographic clustering observed in
the phylogenetic tree and the TCS network, which suggest that the natural populations of Gymncypris eckloni should be
managed and conserved as a whole. The unimodal mismatch distribution of haplotypes, together with the selective
neutrality test of Fu’s Fs (—=15.3400, P<0.001) and Tajima’s D (—0.6254, P =0.3080), suggest that a recent population
expansion of Gymncypris eckloni have been occurred.
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SO SIME L S Gk A D W N NI ST [ BB U
07 SUER ORI F 2 1R T i 30 4 R e £ 0
TEREVE R RE, FEm BRI RS RE N Y HE T A
AHELERHAT . AE R —Mfib B, FEDEAREE A 3
) R R X R R L R, (HR L AR
K, BT ZREHBIA . BEEREMSAE. 5IA
HIKAITN R 55 DS 32 s, SRR A S
Feo DN, CRAPIEDERREDM:, PR AR A
HEEE

2Rk DNA(mMIDNA) LUBEHR 1) HEAL S L 724
IBER B . LT AR AEEHES A (Avise &
Saunders, 1984) i H.{EREA L 24 M 4>+ R Gu b B
SFRIE ST T T T BOR B2 (Burridge, 1999;
Perdices et al, 2004; Xiao et al, 2005; Qi et al, 2007;
Zhu et al, 2007; Yang et al, 2008). {Ei# % ki fA%E
R, Zebifidn e (25 b JER (Cytb) 45 FIT)
R T AR () B I 48, DR A 0 S Rh I a5t A% 45 1 R st
e I N A T2, JEAE—Selife fa 2K 11
LRy K AE T B AE ] (Perdices et al, 2004;
Zaccara, 2005; Gouin et al, 2006)

DA AR BEAR B (AT 5 T B P AR 3 26 7
Prees bl BEBEMROLAE TS T (Wu, 1984; Wu & W,
1991; Zhao et al, 2005) , 1% 46 ERRBHAN [R] A4 )
AL ZFEER 3 A 7 TN 2 L2 o AT I 0 A
BERREE Cyt b BEPR4x P AT 734, BRI ST _E i
FEDEAREE 5 FHRERIIEAL ZAENE, T EAEDERREE R
TPRF VI TE A 53 A R S RT AN ] PR ) ) ik R A2 e A

B, BET A AEBERR AR SR 0 OR A A BT R A
FHERBERE S 1K 5
1 #rRlFnA*E
1.1 &BHXE

FE TR AL SRR T B B Di AR L. DiEg
om0 LIRS, ISR E68 AN
Ao DUTRD R SR 4 1 300 v YT 7K 3R 1 v 24 NI £
(Schizothorax lantsangensis) 1 i [t J5 J5 4 5 1
(Gymnodiptychus pachycheilus) 1E & #MEER 2243 1
ARG (ERIR D). BPAMREEN, BUULA L
& 2 28 I PR AT T—20°C 4R ok A sl =, e ]
S & A RATAE-T0°C #5
1.2 E[F4H DNA 12El. PCR ¥ #& KN F

WARAE % LN BB 2R 20mg o4y, BT
T KB BB R Eoiee OULAD BB A A
WA rh S (BEZHZ0), SRJ5 % A3 1.5mL EP &,
AL SDS/R 1l K VAL M-S Uifhde . Sl
JES DNA. Cyt b JER42 741 PCR 43Rk A — X
514 L14724, 5-GACTTGAAAACCACCGTTG-
3'F1 H15915, 5'-CTCCGATCTCCGGATTACAA-
GAC-3', W R4 TAY) TRE AR ARG . PCR
P18 s AR R30uL, AL $51.0U TaKaRa EX Taq
(TaKaRa), 2.5mmol/L[fJdNTPs 1uL, 10xTaq buffer
(TaKaRa, "Mg*"3.0uL, 10mmol/L{1 5[ #)%-0.5uL,
T DNA 0.2 pg, #5/5 IHddH,0%h 5530 uL .
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Fig. 1 Sampling localities for five populations of Gymncypris eckloni from the upper reaches of Yellow River
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Tab.1 Information of samples and their localities

e Population KAERL A Collection location /K% Drainage PR/ Species/Code #Z'KEZ
Sample size

4MEE Outgroup HiiZ4% Zadoi, Qinghai JYEYL Lancang River HIEZNE A Schizothorax lantsangensis 1

HH % Madoi, Qinghai Hii] Yellow River J5 )= # #E40 Gymnodiptychus pachycheilus 1
B 1 Population 1 FH#F#i{# Guide, Qinghai I Yellow River GD 14
Fi#E 2 Population2 AR F4 Guinan, Qinghai #] Yellow River GN 11
it 3 Population3  FH#§¥SZ Madoi, Qinghai $57 Yellow River MD 18
B 4 Population4  FLFXI Zhaling Lake I Yellow River ZL 14
Fh#E 5 Population 5 ZEFRIH Eling Lake B Yellow River EL 10

PCR # i FE)7: 94°C TN 4min; 94°CAME 1
min, 50°CiE-K 1min, 72°CZEMH 1min, J& 35 fFIF;
72°C %A Smin. PCR 4 445005, HL 2 pL 714,
WITE 1.0% 1 BEARRE eI o SOREREAT HDK, SR A1 BRI
FAROREL I IRARIE % F s, ikds) e
PR EAEFR R, ¥~k H PCR Purification
Kit(h B o, B AT 4lifh . gt = &
DYEnamic Dye Terminator Cycle Sequencing Kit
(Amersham Biosciences Corporation)if 7] &k 47l
7N, A MegaBACE 500 U A 4200 17 o
JF 584 A GenBank, J¥FI5 k) : FI790498-
FJ790515.

1.3 DNAFFIEHERYALIE

FEF R L R FHCLUSTAL X (Thompson et al,
1997)HIDNA STAR¥ -t [f]Editseq 5.0 MegAlign
5.0%f(DNASTAR Inc.). FIMEGA 3.1%/ (Kumar
etal, 2004) HATAZFTIRIIAL AL AT 525 55 7 41 HF
fiE. FDnaSP4.08 1545 M B R E () B f5 70 22
J& Chaplotype diversity, h) %1 B2 £ #£ & (nucleotide
diversity, ©) FIHERIFE LB (Da). AP
i) L PR G (Nm; Ned, 1982) F143H7 B4 9 5 o
AT

X H Arlequin 3.1/ 7 i AMOVA (Excoffier et
al, 2005) /725> BT AL BERRBE () FPHELE A4 o 3BT R
FAVRRN L BEZH R 735, — A& AR () A EE (1) 1 1 72
B, K e BEAR BRI 2y B A o FEZH B (GD+GN;;
MDHZLAEL); & LRSR B BE RGN 7 (B B4
FIHE 5 O p AR A (e R0, e 2 M L ot
P FPRERLAEAE R I, R AEBERR AR 53 53> b B
HEE (GD; GN; MDHZL+EL), J3#ri DL # 4k
10003 T B Z MRS . RIS, SRADZAE M e
DR B AR TG PR S AR A7 s A A ¥ Tajima (1989) 11
DAIFu(1997) I FsH A5 . I FHTCS1.18 (Clement
et al, 20000 4 I T- ] 435 Jr B IR A5 2 I £ 1]

F| FHMrBayes3.04b (Ronquist & Huelsenbeck,
2003) AR £ DU 7 (Bayesian) ##4 , 1% FHGTR+I+T
B A . Bayesian 4; BT ' L J5 56 B % (posterior
probability, PP)KK <% 70 SZHI 5L, LLBEALAY

(random) JFURZMHT, Hh/RBERBER SR R85
(Markov chain Monte Carlo process)iX B 4 4% 5[] i)
BAT, S A&MEE— KW EE, JLAT 500 U7 AR

(generations), HF100fCLRAF— MR, Hittsdtnr
RAFSTTR . ARG T BEMEAE (likelihood value) /%
AN T, A 3 ET 5000 M0 B 22 AL FE A (burn-in
samples), 17 [H1(1)4.5 )7 B0 T3 550% — Stk
e

2 &4 R

2.1 FIMSEFBER ST

AW 5T S A 16 BE AR AT A 11 68 AN AN 44 34 3k 1
Cyt b2 KEH] (1140bp). FEHZ LN G K
I, FEVIA0M s AFAE3O N A7 i (2.63%),
HA B FE3AN R LA s FI 17N SR . BT AT
A S AR e, O, R AETE Y TR 3
(A8 57 1573.34%, S5 1T FI2A 185 1513.33%. FEBEAR
fCyt b3 R P FIRIE LI BT 2ok AL T CHIG
BT 3415 0 391 426.6% 31.3%1 26.0%F116.1%,
HPA+TE R (57.9%) W& T GHCE E(42.1%),
FeIH 0 R G -

TEBERR 68 17 41 3 e ST 18N L L, &
FAE TS R R (0 o0 A W2 s R H2 f A
FEGDAIGNFTIL S, 55/68; HfERHS I A#EGD.
GNHMDJTL=, LK%, H16/68; Hf5H
H6 A EGDMZLT L=, [72/68; AL AUHO HiAf
FEGN. MDAHMIELFTILZ, 76/68; HLffAIHI1 HFf
HEGN. MD. ZLMELFILE, (515/68; Hf5HHI3
HAHEMD. ZLMELPTIL=, (56/68; HA%AIH1S5
HFEFMDRIZLAT L ZE, dr4/68; FLAGAIHL 7 thAp i
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Tab. 2 The distribution of cytochrome b gene haplotypes (H1-18) of Gymncypris eckloni in different populations

HLf5 1400 Haplotype code

i RE i
B Population HI M2 H3 H4 HS H6 HI H8

H10 HI11 HI2 HI3 HI4 HI5 Hl6 H17 HI8

GD 1 3 1 1 7 1 1

GN 2 3 1
MD 6

ZL 1

EL

>~ O b~
)
—_
Ju—
[\S]
—_

22 BEfEZHEMENMEES ML

A T AR5 A 4R (1) B A5 T84 22 K E0.75—0.89
20, Hrp SRR (GND (R s 2 2 RE T B
(h=0.89+0.06), 1 5k B IR 5 (h=0.75+0.11).
FRBMZTFREZFE (1) SHRAHEZFEE ()
ZIFHFARIE SR, (H)E, — Bk, hEE s
TrfEAHN AR (3D,

TR B BE 8BS (Da) AT B, St
Bt (GD) HSFBgFIREE (EL) Mz, a2
) AT B = I Dafl (0.2393), Tt rFEE (GN)D
H5HZREE (MD) MEEIFIERIE, HE H A AR
JDaff (0.1362), #HJ/%, FLEEWIFIEE (ZL) 5%
BEAFREE (EL) AHBE ST, (H& M 2 (A1 f¥DaftAH
X (0.2184), [FIFE, FRHEMRI 73 REFE (Fs) b
HBLXFILS (£3). AMOVAZMT Bor, HAEHE
RREEEAVE— A MO, LIS AR S R A A ol
BEZ W, 1588.85%, IMANIFIRAE s (AN HEZ ] 3
11.15%; 975 FE R IR AH 2 1 320 30 R 5 R OR S8 b 2
Bt B R AL BERR AL 53 AN (R b R A B Iy, JL 5 RS
INIBR A S R AEAE R 2 N, AN 2SR A AN
by P2 T () sl 2 B A AN TR R R] (3R4D

PR I SE R AT R B, Bl 2 (A I NmAE

fE1.72—3.122 [f], HASimMfE (GN) HH 2
B (MD) Z[AINmfif K; SirgFIEE (GND 5
FLBZHIAEE (ZL). SrrgMEE (GND 5 5FR A
(EL). StEFE (GD) H5rrfrfE (GN) i)
PINmfEIRZ s SefERhEE (GD) H5EFEHIAH#E (EL)
[H] FRINmAEL Bz /)N
23 THREMBENARELEXRFR

HEF-Cyt bJ7 71 Bayesian ) BT /s , {EBE# TS
ANFRREIR A IR A A e R KB (B2,
MNETRT L, o B AR A S AN TR R 68N AN AR I I A 4
b REE VAT WIAN RAINA i
24 BEZWEEIFE KO

A ES 0] DUE H 18 AN ERLAS TRAH 21 /> 2 1)
(AL 2L BN HIPANGE, BA 20 588 1 AH A
5B A T e R B T (1] 3D o H %2 HIL
R T I Efrply, HEMEXAS B4 2L nT g2 Bk i
Gaf, LAY AT AR K . SRR
(P AR, AR R AR E— i, %A W
71~ H B8 PR B AT " A TR )P0 YOG R

SR FH R ARDNA B4 R /15341 (Rogers
& Harpending, 1992). TR SR sUAR IR 1) P A
B {H Tajima’s DFIFu’s Fs =y vk [A] Ak v AL BEAR

x 3 NHRAEBEMBARERSHEE (, MALK). MEFETHHEEZES (Da, WALk,
MEESUEE Fy WALTFMBENRERSHE (D7
Tab.3 Nucleotide diversity within population (w, along diagonal), average pairwise difference between
populations (Da, above diagonal), F (below diagonal) between populations and haplotype
diversity within population (h) of Gymncypris eckloni

Fi GD GN MD 7L EL PR
Population Haplotype diversity
GD 0.0026+0.0016 0.1688 0.1960 0.2077 0.2393 0.77£0.10
GN 0.1951 (P>0.05)  0.0035+0.0022 0.1362 0.1480 0.1796 0.89+0.06
MD 0.1951 (P>0.05) 0.1381 (P>0.05) 0.0046=0.0026 0.1751 0.2067 0.84+0.06
ZL 0.2079 (P>0.05) 0.1494 (P>0.05) 0.1747 (P>0.05)  0.0048+0.0028 0.2184 0.81+0.09
EL 0.2256 (P>0.05)  0.1647 (P>0.05)  0.1900 (P>0.05)  0.2034 (P>0.05)  0.0045+0.0027 0.75+0.11

A ) Y A M B 48 Jukes-Canter B4 11, Da=PiXY—(PiX+PiY)/2.
Average pairwise difference between populations corrected by Jukes-Canter model, Da=PiXY—(PiX+PiY)/2.
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Tab. 4 Hierarchical analysis of molecular variance (AMOVA) of mtDNA haplotypes of Gymncypris eckloni

p AR SRR AR5 3 EL @ GiilH BEER
B Groups . . -
Source of variation Percentage of variation @ Statistic P
ZH A Among groups 16.35 Dcr=0.1635 =0.10
(GD+GN)+(MD+ZL+EL) AHEA A Among populations within groups 0.65 Dsc=0.0078 =031
Fi#EN Within populations 83.00 ®Os7=0.1700 <0.05
ZUBEMR] Among groups 13.82 Dcr=0.1382 =0.09
(GD)+ (GN)+(MD+ZL+EL) BEN IR Among populations within groups 1.17 Dsc=0.0136 =0.37
PN Within populations 85.01 Ds7=0.1499 <0.05
SR . ] Among populations 11.15 - -
BEARHE Whole population w1 i populations 88.85 ®sr=0.1115 <005
95 |: HI2
HI3 @
75 H6 @
| H17 @
58 HS8
H7
H2 e
95 H1l @
57 —L HIS o
%[ | H e
100 H16
HI18
84 — H3
L Ha
Sl—H5 @
L Hio0
Hl1
H14
Gymnodiptychus pachycheilus
Schizothorax lantsangensis
& 2 FEBEAREE 5 ASFHEE Cyt b 4% 8L Bayesian 50% % $— S0P

Fig. 2 Fifty percent Bayesian majority rule consensus tree of Gymncypris eckloni inferred from Cyt b

haplotypes among five populations

SRR AR, ARSI 2, TR R DU R R

Solid circles represent the haplotypes shared by different populations. Haplotype codes are the same as Fig. 2. Numbers at nodes indicate posterior

probabilities (PP, %) from Bayesian analysis.

BRI TR . B R T S R o, B
R PR A RE B TR AR 2 S A A S R (4D, ]
It} Tajima’s D (—0.6254, P =0.3080) AlIFu’s Fs
(=15.3400, P<0.001> ¥R HAE, Won{eBERRaEn]
e [y ik 3 R sk S

3 3

B SR FIFhEE L

RIS APELEAT RN TR Py LR AR
S HBEU A= w I, A% PR AT RE o YRR B IR A%
DR HRIREE OB, Bl L 2
R o ZBAETAR I AR AR, FEPERR
SN RE R 68> PR S AGL I 2 184> L[ 2R, o

it

31

5 2 B SRR T IR 22 1% 39 1 S0 A 5 ) £ 288
(Perdices et al, 2004, 2005) , X ] fif 15 75 5k i J5L 2
VU2 LISk 2 ) T B0 i S AR A SR I B, A
=NV & e RN A RS YT O ik b VA £
¥, & 5Qietal (2007) F1Zhao etal (2005)
FE T RRZL L A0 S R e 0 2 rh O IF A — 0. AR
1M, FEACBERRER 1 SANFIRE, S48 (GD) B
5 M %2 FE R (0.77+0.10 ) A% 1 % £ FE
(0.0026+0.0016) B ZAK T IoAth JL/ANFREE, X ATHE
LKA FLAR DR R BRI 25, i 2 Hb PR AR
BHABEMSA . SIS EAE LR
FSRM, T (GD) FEEA T HABAANFIEER T

Uif s AESHHE LIAAAEPI D SRS, ATREI T 5
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Fig. 3 The statistical parsimony network of haplotypes
By FoR AR AR (2D, BRI T g AL LG B2 i)
IR K BE L RTR AR 57 UKL [ B K/ K s i B AT TR L B P U
Numbers of haplotypes correspond to Tab.2. Haplotype 11 lies the center of

the network. The length of lines roughly represents mutational steps. The

size of circles roughly represents the number of individuals.
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Fig. 4 Mismatch distributions of the Cyt b haplotypes
of Gymncypris eckloni in the Yellow River

TP S FL AR MO A) I RS RS i b, 1B N201H:
A0S FE TR EUEEE T 2 A KAUK LS, Jf
JINT & EHAP R, w] GEXS B AR K R
PR T AR

AMOVAZT & L], Toik 2 AL DR i
E—AN B, IR AT AN F A, Ha 502
LA e FEOR AAPREA, AR F AN A EEZH
TR R) B 2 A Y AN [RIRAE 1], 8 7 A TR AR A [ B A
FERTE B0 25 1 AP 4548 . R T-Cyt bJP I
Bayesian R4 K 5 /AT K I, TEBE LS AN FRIE)

FAERORA I ME RE R EW b, B AL
B O NIGRE o BRI st AL BEEg (Da) Al
K (Fo) BT 700 B85S, Bl
PERRAT S AP R A S0 3T, AFE—E W
FER . SRR — AN AT RS & 5 — AR R R
BT DR BR B BEAAR R A I L R B o 8 Nm >
1, RWIBEARIA P5E BRI AP e, BRI g AR
SN UNm<UEF, RIABEATT g T oA
A RAT /046 (Millar & Libby, 1991). AHF5T
R LE BEAR A S AN FORE ] (O NmI4) = 11, Ud WA a)
AR F S LR A, XA —C R L] T 3%
W EUEAE BERR AT HARF R LA, AR A
FEARIBAT IR
3.2 FhEHT 3K

FUEEY ok S R 2 P ks, AT
2% BAG AS (Su et al, 2001; Pearse & Crandall,
2004). DAtE, ASCAE S BT AEBERRBRR S 5K Fi 4
IR T 2Rk S R R 40 A 43T . Tajima’s
DR S VEFIFus FsHp i Sk . Hor, Tajima’s
DA S0y R 2R A, P AT A —
FREE b RES S I o) RO B B RP R 4 Fu’s
Fs AT I V200 BIORE (20 ST A B b s, DALY
FOEEAEIL ] R REE) BB Z AR, Fsti
e TR AUE (Suetal, 2001). AHFFTH,
TE BT R Fs S #7141 (—15.3400, P<0.001), H:4
SHE W 5 T Tajima’s D (—0.6254, P =0.3080), %%
A AR SC A TR 5 S A S BRI, B G B R T
Z ki WA 5k i 4F . Qietal (2007) 7EXT
T RS GUA AT IR, 4 ST 42 L fa P
PR S RN A EAE VLT AERT, 12 ) RUBE £ 755
RS RS YE N . M SORIER I, T RS 8l
Z91.6 J7 4 LUK e J5 AR A6 30 1 ik 57 1 T S50 DX P i
TV R EEAR, HEMERCT 5 B0 (Li et al, 1998,
1999, 2001), £90.15 )74 KA 1) 75 98 iy Jsl < 2Lz
AR B K R SUE R JOEMEER, Xk BE T AT
FECT U YR DR R, SR K R A SR T
(Pan et al, 1996; Li et al, 2001), 7£ 7] ] GEA o1&
N F-AE B R A A7 R R R A BE 4, (A AL BE#R
BRRP R E— 2K

Bt PEERAEHEMIMITARETERE
L, 4.
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