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Genetic structure of Gymnodiptychus pachycheilus from the upper reaches of the

Yellow River as inferred from mtDNA control region
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Abstract: Gymnodiptychus pachycheilus, one of the endemic Schizothoracin fishes, is peculiar to China and mainly
distributed in plateau lakes and rivers of the Yellow River on the Northeast Qinghai-Tibetan Plateau. During the long
evolutionary history, G. pachycheilus is characterized by slow growth rate, low fecundity, and late sexual maturation as
adaptations to their rigorous environment. However, these life-history characteristics make it particularly sensitive to factors
such as habitat destruction/alteration, climate change, biological invasions, pollution. Overexploitation is also likely to be
having considerable effects on the species survival. To access the genetic diversity, genetic structure and population
dynamics of G. pachycheilus, the control region DNA sequences of G. pachycheilus were checked and compared with the

homologous sequences of 81 individuals, including 71 individuals from Maqu county, and 10 individuals retrieved from
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GenBank sampled from Guide county and Maduo county. And 729 bp length sequences were defined for 81 individuals.
Sequence analysis results showed that there were only 26 variable sites, including 3 single variable sites and 23 parsimony
informative sites. No site was found that had alignment gaps or missing data. The samples fall into 34 haplotypes, with only
0. 844 haplotype diversity and 0. 0054 nucleotide diversity. There was no geographic clustering observed in the haplotype
network , haplotype H2 distributed most widely and on 32 samples (38.27% ) from the Maqu county population. H2, H14,
H23 were shared by all the three population. The median-joining network produced a complex pattern with no obvious
phylogeographic structure. Although H2 was in the center, the network showed little evidence for overt phylogeographic
structure and showed star-like radiation. The Fu's Fs test, the distribution of pairwise differences and the network analysis
indicate that G. . pachycheilus in the research had experienced certain population expansion events, which is consistent with
the hypothesis that the headwater area of the Yellow River was dramatically affected by the geological and climatic upheaval
during the Pleistocene. Analysis of molecular variance (AMOVA) showed that 93.53% of the total genetic variance was
contributed by the within groups variation and only 6.47% contributed by the among-groups variation (F = 0.0647, P>
0.05). F_ analyses produced similar results that significant F values were detected between Mq vs. Gd population. No
significant (P>0.05) genetic differences were found either within or between the different populations, indicating weak
genetic structure among the three populations. Mismatch distribution and neutrality tests indicated that G. pachycheilus in
this research had experienced population expansion. Our analysis indicated by mtDNA control region as the first approach to
understand the genetic diversity of G. pachycheilus. We suggest that all the three populations should be managed and
conserved as a whole. In situ conservation is first recommended to protect its original habitat from further destruction. The

conservation of the unique habitat of G. pachycheilus is essential for the survival of the species.

Key Words: the upper reaches of the Yellow River; Gymnodiptychus pachycheilus; mtDNA control region; genetic

structure
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F AR T 2RI DNA $5 15 D781 4007, S50 300 R0 E IS S a3 R4 AR, T i st i Ar
S B Dy s Ak, A i s % 2 RO AR 2 S S R LR 2R WOk

1 #R5H%

1.1 FEACRAE

JE TR AR B R R A T 0T i N B il B N (GRRG IS R AT VY 12 km 2 SFREIS MR 3 km &b Higp R
LA T R AT 1 BRH S 2R ) 2 71 B, BFANRAE T A FEAR S 28 Je BT IREE 7% 0. 5 ¢, IRAF- T J0K
PR,

1.2 DNA $2HC 38 Ky

B BERAER R #E 0. 3 o, FH# MR- 05 42 5 DNAM™ . R 514 GEDI200 (5-CAC CCC TGG CTC
CCA AAG CCA G-3) Hl GEDH860 (5-AGG GGT TTG ACA AGA ATA ACA GGA-3) X} miDNA F il X JF )
B B AT i R B O 800 bp ZE A7, PCR 4 B SN AR 2 : DNA A5 1 wL, PCR buffer( £ Mg™
20 mmol/L) 2.5 pL,dNTP (10 mmol/L)0.5 wL, " FiF514 (10 pmol/pL) 4% 1 pL,Tag DNA AR (2U/ L)
0.5 pL, /il ddH,0 M2 25 wL, §7 84K 50 250494 °C AEYE 5 min, 94 CZEE 50 s,60 °CiR &k 50 5,72 °C 4k
150 5,30 MG, w5 72 CHEM 10 min, SR T 4 CLRAF, PR EH) PCR =W 1. 5% MBIt e i i
PIAEIN , FH DNA B TSGR £ ( TaKaRa) EAT20EAL | [HIC, %P 32500 RAF O RE it A il T A TR FR
NEIHEATRURIINE . A GenBank HH N H IR FG T , 75 1 35 BB 0 FLBR I SRR ) (35 2 B A ) R i 5t
R g BB BT (SRR 1Y 16 BBAMAR 10 ZAfE R
1.3 FEA3E A AT

M FEAAS 1) R F) 8 44 Chromasv 1. 45 3RFARAT R G R 50 B , PEAT N TASKT, # 7l N 2% H GenBank 11
T 22 X dURN 5 7 R B i BRI 10 07900 A Clustal X (1. 83) B Fr 549 DNA J3 31 7847
et '), F Dnasp v5. 0 AR 2800 SRATRIEL ARSI SRR MR AR (h) IR ZREVEAR B () 17
H Mega v4.0 AT G54t DNA 90 B3R 2 A, 1 Kimura2-papamter #83154 3 AN FEAA [R] 0 15 15 #E 2, R
H Kimura2-papamter B 2556 [, LS4 1600 R} 1) BRIE 5 S 8 ( Prychobarbus kaznakovi , % 55 . FJ601175 ) | Hi ]
201 1. ( P. chungtienensis , & 5% : FJ601176 ) 1 WAIE K ( P. dipogon , 8555 : FI601177) AN, &Rk
(ND ARG, RGE by 50 F 28 85 K0 A 51 Al 1, 06 2R 59 uE R ECh 10005 F Arlequin
V3. 1T AT AR S 4 BT (AMOVA ) J7 32 Ay B0 38t 4% 78 53 76 B A D R0 B 44 i) 14 43 A1 B 3t 4% o0 Ak R B (F-
statistics, F, ) , 7T IF FHHEZ I g kA Fo 0 S8 2 M (2 2 I ECh 1000) s BB FEA U 43 H 200 il Fu' Fs Wi
BErHA e 2 SR HEWTRNEE R LR IR B T s (8] Networkv4. 0 F 7 12 #2147 29 M 24 8] ( MJ- network ) , 445 B
I LR
2 ZER551
2.1 LR

FEHNHEATINGE 5, G UM, 3RA5 T 81 44K N 729 bp (URITEF 41, %7510 T,C, A, G & &
3N :33.8% ,19.9% ,31.3% ,15.0% , FIMHH B G fRfy, GC % (34.9% ) I B/NT AT(65.1% )
i, 81 ARSI LA INE] 26 AR T, BT AUEE 3. 57 % b B 23 AN LA B3 A HLA
FEATAR A, 4 FREER L AR 19 e 15, SR iR b 1. 27,

81 P HIH FUE T 34 A Ay Horp iy % I SRS R L P2 28 5] GenBank , B3 2 F0E 6 BAMK, BET S
ASFAERL DR FREE 73 BAMARE T 33 SRR, B 3 MR EE 8 BAMARLE T 3 AN AR, H2 (H14 H23
3 FEOR L AT 30 R Y 2 A AL S H18 (H27 B 3 FPEE S ARG T 2R (R =0. 844 ) Al
BAF PR ZFEME (7=0.0054) .

2.2 RIS R Y RGO AL B R A BT
VIS 0 0 B BRI B . ( P. kaznakovi ) W) 251 £8 ( P. chungtienensis) 1 MU E J§ i ( P. dipogon)
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AN T Mega v4. 0 BRI NI AR SR B ROR TR IR REIRARCR (K1), RERE TR
NS R A0 3 B R R SRS R G 0 A0, 25 AR Z 8] 7B BEAR A, Bootstrap A5 6 Y SO BERIIR T 50% , 15
ATE R B R (18 1) o 81 AT s W S i) A B 0 A b BRAS SR

g2l
—
[N}
(=}

991

E1 EFEIRFIHENERERERTEN NI
Fig. 1 NJ tree of G. pachycheilus based on control region sequences

& FI601163- FJ601172 T2k H GenBank;1,2,3,4 %% /R % BBl FrA 5

PALERY 28 A3 BT 25 R LI 2, AR 2 Hm] i 34 AN ERASAUARAR > Z ] i 5848 N — 20 3| =20 A58 G 2
A 57 B AR SR A Y (B AEAE D R rh (R A Y (250 B ROR ) o BRI R 2 A A AL H2 H ([ T AR
B R/INR R A AR ) | HEI XA A AL A] BB R S, oAt S A AL el LA AR i ok . Herb 3 FiCOA [W] 95 &0
RN AR b BRASRL 3 A AR BSR4 rh 38 ol BRAR I 2% B o S Y B S B A [ Y
XN G FR , DAL R AR R Sy bty (H2  H3 3R 2) |, ARSI S0 A0, 35k 28 W ax e U ELAT A [R] A AL Se B A4, R[] —
AT (T L R ) AR IO, BALAE AR R 0 4% A the 26 W BT i IS S A S A R A R A i s A%
R, HAE AR IR A Z 5 RS AT T3
2.3 TR

e 3 X B A JEL R A T s E R 4 O 3 SR I AR R AR TR M, B R AN S 3 M AP T
2004—2005 453 >R A T 1 3 E A0 FLBE L SRR AN 5 16 B 7R DU FNAREL 3 Hh, I 2R B
53 MR Z M st G oAb (F, SR BE/R T 2 PR Z A AR )2 I SE IR, AT RBIE B 1 48— MR, i
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O Mgq
® 8
@ O Missing Hap

B2 BAEHNHENEZE
Fig. 2 Network relationships of haplotypes
T5R] v AR PR A 35 R RE A SO L], 28 B o B8 AP AE  AEZEASBIF 5 v 3504 O 31 ) B 5

i MR AN 2 R L ST 3 s Z A —E IR AL e (2R A RE (R 1) o R 3 FPEE AMOVA
OIMT N FIE A 31 8% A S S S 14 R R IR, PRI O AL 5N 6. 47% (£ 2) o BHIREMARIE] 0L &
B F = 0.0647  HEURTR] i AA 225 1AL 0L

*1 EEREREET m DNA BHEXHNERREFMERNSLER(F,)
Table 1 Fst among 3 populations of G. pachycheilus based on m tDNA control region

Population 4 R )
mx
it 0.012978
P -0. 16667 0. 16451

®2 ERRERE3IMEEREERNIFAESIN(AMOVA)

Table 2 Analysis of molecular variance( AMOVA ) among 3 populations of G. pachycheilus in the upper reachs of Yellow River

A i 5 AL i RS .
AN Fi i FEROIR L AR F i P EH
. . Sum of Variance Percentage . o
Source of variation df L. Findex Significance

squares components variation
£ Among population 2 1.542 0.02876 6.47 0.06473 0.02151
HEUKN Within population 87 36. 169 0.41573 93.53
& Total 89 37.731 0. 44450

2.4 PRI AIANVEEY TR BT

FIFHIEL 555341 A Tajima’s D VA DN I 20 S 40 o s (2 O 2 AR K, o R I 58, RS
[ £1 81 AN AR il IX 5] A2 TR 5% s, 40 A1 A A S 7 J65 i o A P Sl — B S BRI P (11 3 ) A R ) v R
FHl Tajima D #5610 Fu [ Fs K05, 458 88 Tajima’s D =-1.81193; Fs=-106. 131, ¥ 4 fE{H TG i F 12
5t o 3 BEARPPPERLN Tajima’s D {EAN Fu' Fs (A 0E (BT B EEZER B0 Al Tajima’s D 4K
W35 R U] JE S AR o st EA 2 Pt Dy Sl HE DRSS R st 22 ) 1 RhREY sk 4
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3.1 BB EEMANBL 2R -o- WI{E

ERYIF I8 L ZAEE s R AT LIAE B E S
PR s B A OC R IR AR R st 15 15 i - &
M, AR B E R A 81 45 729 bp J¥ 4, Kl
2 26 NS, AT 3. 57% |, BT A
(LS Z ARl 0. 844 X TTRR ZAE M 0. 0054,
TAEHUR I P8 K/NAS TR, 2375 A [A] ) 35t 4% 24
PR R 2 e bE 2 R EE ™ . Qi SR HE T BTl 41
Z4 51 ( Schizopygopsis pylzovi) FRE ) BLA% 75U Z2 EVE R B3 MUESSmRIERREREMET KER
R ZREMESY 90 0.79,0. 00272 Song Z4RE T K Fig. 3 Mismatch-distribution to test the expansion of
VL3555 11 24018 161 ( Schizothorax prenanti) 3 FhRE R A% G- pachycheilus
T ZREVE AT 2 22 R M 43 501 2 0. 98 AT 0. 0197,

I E R BT AR AR i DX 91 A [R) T 90 HU A TR TR AR i f 8% SRR . 385732 S 2 iR E AR R Ak
HIPREE | 154G ZFEPERE 28 6 T A T8 THE 55 2R 58 b 0 B AR B —MBOR U . BRIIL , TR AR 2 s Xt
JE TR AR E R AR O, DR AP A B 1 SR ZEAT

3.2 3 HHARFRELHY

AL SE K I3 B 2 AT YIRS AL G IRVPAL BRI B9 225 845, RS S ik — > W 1 P15 1) R ) A6
B AR RREE A R T T RIS B b A 2558 Ak RBE AR AT 5 SRIERR AN O V2R il T
538 LA KN SRy 5200 45 35 1l 1 5 A1 3k BELURT , it o7 Bk [ R R 27 A T A (AP R ) it 22 5 . IR, M A R 7
AT LA WA PR R 2 TR s A e R T

AW E [ 34 A FRAERI 3 R dh s 3 AN A CH AN AT A AL H2 I H3 XU R SR E R
0 AR RS , H A A B il ) 2 Gk M A SRy | S AR T, 3k 3R B VT L i R R IS A A
TR A G AR S AR R A A 2 5 AR AT T34, 5 AH DRI v ¥ i v it B B 5 28 S o
YR A A

AMOVA 37 S8 7R FREE PN 1943 s A5 48 S AR S R BORUR, BRI 4L R B F, ] 0.0647(£2),
S R A REAR 3 BEAR ] R A B 8% ok, XK A= AR ok A [l 7K R 22 ) A7 7 Y ) e 340 e
T, 38 A6 I B2 (AL 7R W A R 1A% 44k, TRl — 37 38 P A R 38 5 oA AS B (g sl A 1 A o4k it S £
RIRAL SRS SRR A AL A K AR SR &8 ARBRTE Hp 3 B AR o) A3 A5 A0 Ak A 55 , IR ) A7 7E— 52
BB L, T E i 3 MRS AR R A AR B EELONAE S — AR A T IR
3.3 W LRSS AR

B R4 I Z B A K019 0 SR SRR AR (<50% ), BAAG T QB2 5C R B HH M5 AL LU AT B
AT R 0 PR R 540 R DM HE AR S B T IZ 0 A TE PR B QR C RS b 45 b RN 1) B AL 7
FROMRHESS  — DS B RD H2 FE R SRR b A AE T HL TR OR R Fe i, A 2 A A AL 3 R AL
o IXFRIRT LTS R A S A TE SN S 2 D R SR I RRIE A — B, AR E T OCREI R R
ARZEE  BRAEAY H2 A TR 48 G R IF A ol AN B U] S i A5 48 . A A0 H2 09 1 B0, AT RE 2 20T ik
FR R b BB 3 R B 22 (DA B el b PR, 3 2 AT R DRV )| 28 205 st 7K 2z i Ay VT o s £ ) PR
AL T 251

5GBS AT A Tajima’s D iR PR IR S H B S R E Y 5k . RIS AR S 0 81 R MRS IX 7
G IRZE FRIE 353 A0 3 A S s B A (B Sy — B g B 18], HL SR o s f e/ A R 45 IR 52 BRI TR A
SRR 255 P i S W A 2B S R, 3 AT 100 I B R i e A T L O s S e SR IR R R 2 [T T A

e
o

#i% Frequency
=

15 20
A i3 2% R Pairwise differences
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WEY SkSF, ZEh MR Tajima’s D (EA Fs (HY 4 508, (B2 58 35 o] AR B 26 107 iR REAS 301 R
Tajima’s D {ELFN Fs {E Y 5k 251 B e e

UG A0 IR T S SR DL SR, H A i e D AR 2 DD AR G 35 i B U 42 LA ke 22
D3 Y B0 3 J5 A8 T RSB B A 09 A e DK S ) 0 288 B 2 i/ 28 I e R SARON A DG BT g
VFZ A KM A e PR OGS e FEPRSREA ot 1) 18 L, AT AR R AR RO B B 18 Ml AT e 1 25
Rtk HAEAPRDUN AR T BURR, Bl NSRS S % KA TR SRR 24 A TR AR Bl )RR E IR
55 12 B AT B E AR B DCAR b HURR R A A= W e e T BB S BUHE BE TG PR AR R AR L
ABIFSE 5 B b HAG 0 ST 70 5 R G BE Ke AR I s S 2570 J7 AT B AR LAY 45 2R, (HN BRIk
R A4 TR R S R P 5 MU T 0 L 7S5 A2 1 2 R4 AR (IR ) 2
AZSTEE, LIS B A LRI ZSIE , I A R R AL Z RV DR 4P A ) 2 SR T SR IR S Bk
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