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Structure of the Mitochondrial DNA Control Region and Population
Genetic Diversity Analysis of Anabarilius grahami (Regan)
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Abstract: The control region (D-loop) of Anabarilius grahami was amplified by PCR amplification with a pair of
specific primers. The sequence with the complete nucleotide control region from A. grahami mitochondrial was cloned
and directly sequenced. The length of this region (D-loop) contained 930bp nucleotides and the T, C, A and G contents
were 29.8%, 22.5%, 33.0% and 14.7% respectively. The mtDNA control region of A. grahami could be partitioned into
three domains, namely, the termination associated sequence domain, the central conserved sequence domain and the
conserved sequence block domain. The extended termination associated sequence (ETAS), two conserved blocks (CSB-F,
CSB-D) in the central conserved sequence block domain and three conserved sequence blocks (CSB1, CSB2, CSB3) in
the conserved sequence block domain were successfully identified and their homology compared with other fish. The
genetic diversity analysis of A. grahami from the Endangered Fish Breeding Center (EFBC) of the Kunming Institute of
Zoology (KIZ), Mingxing Fish Cave (Jiangchuan), Niumo Village (Jiangchuan) was analyzed. The result indicated a very
low genetic divergence between two natural populations, and the genetic diversity of the population from EFBC was
much higher; they had recovered better than others.
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WE 5t 29 %

ZFi1& DNA (mitochondrial DNA, mtDNA)
DU PRI EAL T BE . A B RastAE . LT o E
AL IARAE O 28 R BEAR B AL 22 0y R G5
FUIHA AT 7E mtDNA WA — B B ARG X,
RO HIX 5K D-loop X, B mE A% &
ARSI, 2 2 A 5 DR 21 3 A e R )
gy MTAER, [H P AMRTR 22 WG 0 SIS IR B AR s
X H 5454 (Liu, 2002; Shao et al, 2007; Zeng et
al, 2001) DL R Ffr py b 3 2t A% 45 14 F0 st 4% 53 1k
(Grunwald et al, 2002; Ovenden et al, 2002) i
1T T RE ST, AHIC TR 6 22 R4 D-loop
DX I 5T B A DR o ASHIF 538 o o) e R 15 £ 280
PP DX A PR A P e, BFIT% 3 ARRP R N T
FEMBERBAE ZREME, AT FARP S 15 th st A%
oAk, FFE TN TYIFRMRER RO, DU A 3
FOEETC IR RS SR R Al . [, X Lk Ok
IS, HEoR T AR ) 2o R F I X R 254

1 ARSI

1.1 kIl

S IR (10, 24 2, A1K 64.9—85.3mm,
a3 ERFAE B R B S 5 i 32 s 2K
Hrn (LURFERERF 0, EFBC), VL)1
AR, TL)NEAEER, %8 . HPBREFE PO
AR AL AN R b, gy = sy
K H M.
1.2 fFfEf mDNA A3 ER

TR LM B A ARG5S, mtDNA 2
HCR Y 2R BE 421K 7778 (Peng etal, 2002).
1.3 i H & mtDNA 54 X EE 8 PCR 18

PCR #34 T IG5 190 0 SCER5 14 (Liu et al,
2002), F£%1 PDL1: TCACCCCTGGCTCCCAAA-
GC:; PDHI: CATCTTAGCATCTTCAGTG. PCRJX
AR ZR: PCRIRMN. AT 50uL, o 10xbuffer
2K Sul, dNTP 2uL, Taql 0.25uL, BSA 2L,
PDL1. PDHI #J% 0.75uL, i 2uL, HJath7sK
EXZE (ddH,0) /K% 50uL. PCRNY 4. 94°C
AR YE 3min; FEAMEIACLFE 94°CAR M 455, B KR
[ 60—56°C 45s, 72°CHEfH 90s, FL 35 NMEFL;
Ja AR GE 5, 72°CHEM 10min, 4°CIRAF. 37
=) 22 B R I W bk 5 A A T UNIQ-10
FEDNA [ & RIS I o I AT el b R
Bt B S W ST A I 5 oy AL R RS

58 . JP A i AT GenBank , B A 5k .
EU370788-370805. EU728450-EU728455.
14 SHthAE

WE (7438 i DNAStar #4-40 ) EditSeq.
SeqMan Hil Megalign KA 2ATHF, AN LEIE.
T PIE LI I S R P ERAIE . FF MEGA4.0
AL A HT P SVEREAE . SEi Bl 2 1R A 6 15 45
fH VAL 22 SRS AL B 2 Wi DnaSP 4.0 4K
PEGEVE S ARE M BRAE T AR H FEAR T T A
TRUSKT PR PR IR P A% A IR 2 e 2 K AL PR 2 45 P
W A S PRE PER ZAEE Hs. IR
FR7E 58 Kxys JERME R EL Gst. HUEE FLG1i5E
LA GammaST. A& LR E Fst. R
Hrist GRS Day BRI 73 3 Dxy, FHARHE Nm
= (1-Fst) / (2Fst) F32IFEARR LA Nm H .

2 & B

21 fFEAE MDNA EFIXFIIRERIER
2.1.1 D-loop DXFHAEE ROILA K MR A £
mtDNA D-loop /7 #IHK A 928—930bp, HiH 9 4~
AMARTE 821 F1 822 PIA s Al I H BB R IL G . 751
TRIE IR 1, A BEARMIRSE A e A —2L,
WA B b G & 2 KT H AR E
S, AT CER 62.8%) H1EE T C+GCEEIA
37.2%)M . Fe SRR (TS/TV) 4 2.1,
2.12 D-loop XZERIHFAE AR 1 F ¥ D-loop X
9r R =ANER A R SFIX Ccentral conserved
2 1 ¥ %1 [X ( termination associated
sequences, TAS) FI{R /741X (conserved sequence
block, CSB), LA CSB-F #1 CSB1 1E2h 3 ANX 4>
Fe. AL, FRATELIRN T —L o RefR 1 r a1 (B
1),
2.2 iR E G MEHR RSO T
221 FMHEZEAEST Z2BMASTER (K
2) R 24 MAMRIER IR 27 MR FAL A, Hrp
16 ML AZ A7 5, 11 DA T . 24 4
F 1 BRA & FHIREEEK

Tab.1 Nucleotide compositions of mtDNA control

domain ) ,

region in Anabarilius grahami (%)

Fp#E Population T C A G
W] 5447 Mingxing Fish Cave 298 225 331 146
=AY Niumo Village 29.8 226 330 146
%t EFBC 20.8 225 330 147
34 Average 298 225 330 147




439 B TSR IR 2RI A DNA 5% 45 A FNRp s 1% 2 RE PR 381

AMRICRII Y 23 AR, LR AR EERRRRE 2 A HGubas R (R 20 RH, 3 AR H AR
MRS AN AR, T a%ﬁlﬂﬁiﬁ/\/\%i’%ﬂ% 1T B Al I AR K1) KA Pi R, LA
AN, HEMPFE (UG, A ASRFEE (ALt AN 21
222 BRI SEURAS T RORRERL ZAEES R BLEART A TR CEE L)

ATAGTACCTATATGGTTTAGTACATATATATGCATTATATTACATAATGCATTAGTACATATATATGTATTATCACCATT 80
(ETAS)
CATTTATATTAACCACAAAGCAAGTACTAACGTCCAAGACGTACATAAAGTAAATTATTAAAACTCAGAAATAATTTATT 160

TTAACCCGGGAAATAGATTATTCCCCTACAATTGGCTCTCAGATTTTTCCTTGAAATAATCACCTAAGGTTTAATTAAAC 240

CATATTAATGTAGTAAGAGACCACCAACTGGATTATATGAATGCATATTATGCATGATAAAATCAAGGACACATATACAC 320
CSB-F
GGGTGGTATGGAGTGAACTATTACTTGCATCTGGCTTGGAATCTCACGGGTATGACTGTGAGAACCCCACTCGGAAAATC 400
CSB-D
TTACTGGCATACGGTTATTGAAGTGAGTACATACTCCTCATTAACCCCACATGCCGGGCATTCTCTTATATGCATAGGGG 480

TTCTCCTTTTCTTTTCCTTTTCACCTTGCATATCAGAGTGCAGGTCCAATAATATATAAAGGTGGAACATACCCTCTGTT 560

AGGAGTCCATATAGGTTAATTATTAAAAGACATAACTTAAGAATCACATATTTCTCATTCAAGTGCATACATACCTATTC 640

CSB1
CTTCTTCAACTTACCCCTATATATATGCCCCCCCTTTCGGCTTACGCGCGACAAACCCCCCTACCCCCTACGCTCAGCAA 720
CSB2
ATCCTGTTATCCTTGTCAAACCCCTAAACCAAGGAAGGCTCGAGAACGTGCGGGCCAGCAAGTTGAGATATGGGCTAGCT 800
CSB3

ATCCGCGTTATATATATATATACATACACATCGCATTAATTTACCGCAAATTTCCCCCAAATATTAGCCCAAAAATTTAT 880

ACTAAATCTGTGGAATGCGCCCCAATGCTAAAAAATCCAACATATAAAAC 930

1 R £ mtDNA #51X 42541

Fig. 1 Complete sequence of Anabarilius grahami mtDNA control region
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Tab. 2 Demographlc_ parameters_ estimated from S RARIE, T SR SR 2 JEE A B B I 113 4
three Anabarilius populations R
i 1 H K P sl
¢ Population i T f<cz‘: AN S L

premT— TR 224 HFUBEIIE AT S B A R
W) £ I Mingxing Fish Cave  1.000  3.357  0.00362 FREE TR 8% AR br WK 4.
“FER} Niumo Village 0964 3.143  0.00339 _ .
“F-34 Average 0.996 4.007 0.00434 % 3 ﬁ&ﬁEEZIFWﬁEqﬁ{%EE%

H: #0510 % PEFE Haplotype diversity: Ke FEAC T i fi 0 Tab. 3 Genetic distance of three different

X P IR S 3 1% 1 TR 25 5 40 Mean number of differences populations Y
between all pairs of haplotypes in the sample; Pi: 1782 £ A4k A} A A R L35
Nucleotide diversity. Mingxing Niumo L
Fish Cave Village EFBC
223 MPREMEMEEER 3R 3 8 Tamura-Nei #:7! WA 46 Mingxing Fish Cave 0.4
VHSLTRIRNTRE P SRR [ P AL B 25 o e 1] 1 7 1) “FIEH] Niumo Village 04 03
%H L EFBC 0.5 0.5 0.6

ZESFE I B IR SR G OR R I AT, AT A,
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2455999292 0326895662 4673771
Voucher  AccessionNo. 3723015879 6851913232 9418798
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K 2 MR A4 D-loop 43P 4148 i
Fig. 2 Variations of of mtDNA control region in Anabarilius grahami
x4 SEREMBERTRRBEES L
Tab. 4  Genetic differentiation and Nm values among different populations
. . B rEZ PRI FEF 5y it L Uit AR AR .
ﬁﬁ; jﬁ; B RESE RN LEM i pBE B g%i“
Hs Kxy Gst GammaST Fst Dxy Da
PROE e
Mingxing FBC 1.00000 437500 0.00000 0.05660 -0.02041 0.00471 -0.00010 —
Fish Cave
B A2 £ LR PERS
Mingxing Niumo 0.98214 331250  0.00901 0.07614 0.01887 0.00357 0.00007  25.998
Fish Cave Village
gy M
LFBC Niumo 0.98214 431250 0.00901 0.06154 -0.01035 0.00465 -0.00005 —
Village
SEIRH X,
3 W # FERT P41 1X

3.1 fERER&E D-loop FFHIEM4F1E

mtDNA #1391 45 K 78 CIFFEIR AR 4 rh A
L) (Zhang et al, 2003): {6 4 1) D-loop
RS IX L BRI IX

DXRFER 2> 3 AN B3

7 mtDNA [FHEANFEHICH, 2B P o X oEAe

SICREIERS, B DNA "HIK B
5 TAS 5if E[¥) TAS (ETAS), 1MiiX—FAILEARR
RN . PERIEEL (Botiinae) (Tang et al,

2005). #:F}(Bagridae) (Zhang et al, 2003). ffk
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(sinipercine) (Zhao et al, 2006) 25 KBy

IXAFAE— A 1AHIGF 51 TAST; 1] Zhu et al(2007)
TERFB AT R S R B T AR AH G757
TAS1 Fl1 TAS2. X T-3XFP 2 £ 1EAHOCF 41, Sbisa et
al (1997) YHRIFH RPN ILF 5 &L+,
J #nl e R R 2 b F S I Liu (2002)
TNAA U —A ETAS A7 hig, oAt #8252 1)
MR, ATRThRE. B 7RI £ AU 2
T —> ETAS (TACATATATATGTATTATCACCATT-
CATTTAT), 5 Liu (2002) ffiE (11125 ETAS ¥4
WA 25, {HAELE#E ETAS T4 TACAT—ATGTA
X—ARGEM R . WAMNERBLT —2851h
TACAT [¥%0 v BEE R 741 .

R ST X 8 X A O AR ST X
(Saccone, 1991), JH—ULffsy FFa{E &S FIE F
P E RS H ok (Randi & Lucchini, 1998;
Southern et al, 1988), MifEAISHRIEILIR D, Lee
et al (1995) XFHARZMBMFHIN, (LAE—LeR}
HR] T IIF CSB-D HIJF41; Liuetal (2002)
EMH H RS E T Dy E. F 4. R 0
CSB-F J#A5 475, 5 Liu et al (2002) 511
HeA 5, & ATGTAGTAAGAGACCACCAAC.
TATIE R B BT CSB-D, H ¥ H
TATTACTTGCATCTGGCTTGG, 5 W7ottt
fiby e S (R A N P AU AL . B4, FRATI I k3
CSB-E f] GTGGG-box, CSB-C #I CSB-B.

TEARSF A X, CSB2 A CSB3 A 157,
TREXTEE Liu et al (2002) 1551018 78 5 U
Sk, ot 439k : CAAACCCCCCTACCCCC
M TGTCAAACCCCTAAACCAA. ifj CSBI 7i a2
AR SRR, AL . B4R Broughton et al
(1994) Al Liu (2002) A GACATA 5 A fR5F,
A CAHE B CSBI (ALY, RAEIR Z MK E1 A
ik, f He et al (2007) 7ERIBEAEEE (Verasper
variegatus) U H ) CSB1 I R AL BAR ST 571
Zhang et al (2003) 7EERHIGH ) CSB1 52 ik
WA ; Zhu et al (2007) W HAEBSRHE LT 2440
CSBI1 [RHFEREF (GAGCATA). FRATE AR 57 H
B GACATA Ry U il 6 (1 £ ¥ CSB1 &
TTAATTATTAAAAGACATAA.

3.2 fFiiE G B AMERIRE S L

AN [RVHE A4 Ta) (1) 2 A% B 20 S e 1 L ast A% 41 1 oy

ARRRE, T — AN A IR A B 2 S 1 i AT

WAL Z FEE. Shaklee et al (1982)%54 O R £ I%
BE, PRAELEE . PORRIEE = 20KF L RsE R
B D ES 0 0.9, 0.30 & 0.05 1532 H1H5
AP AR PP B AL B 25 0.003, 1K 5 HH
JL AR ) 11 352 4% 23 38 A I 0 Fh B 14 24 b
#E, LSRRI REE EA A TR, (T AR
WA M NmERAE, SERGE M RERE 2
5 /IR B S R R i 1 PR AR A A 11 3 R
WA e H Nm>1, 2 HIFEAR ] DRI A
i BERAIBAE AN 2 Nm>4 B, B
(RFE RS i B R 7 53, 1A% 04T/ Nm<<1 it
BB T Bt Tt AR & 4R T 04k (Millar &
Libby, 1991). AHFFTHPIA™ HARFHEEANF Nm {8
[k 25,998, R HAAAEAH B AW AL RAZ i, 1X
e — e R UGB T RO 1 AR BRI R H R o
1, FLRBEAE R — AR EAT IR

Thh, LRI A SR Y (AR B S, W
R S f R £ AN [ B A 1) 3 A AR S B
A7 T 0.035-0.019 2 [A] (Chen, 2006). MR
AR T2 (0.003-0.006) T LLA H, fiffi
£ TR TG 18 2 AR PN S 2 AR AR IR 41 22 S AT AR
N, UERHIB AR AP . T R R 8 22
e B S e T LA Y SRR TR 1R 2 e, IXT R
RN A 22 b o RV A I FR X — 32 2 it BT BT 3
3.3 MR & MBI RBRIE B A

i —NFIEE mtDNA [R5 AR 54 A T2
fabr: PRI FEHMEE R (P) FIZTTIRE
St (PO, HF Pi {HHE T % F mtDNA HA5H
FEBEA BT O B, R AR R e — AN BE AR
mtDNA )22 25 F2 8 1 Eb 540 (1) 8t % B 55 1 2 (1 22
¥5Tfi (Zhou et al, 2006). MMHEAR [ FhEER 4K
F 24 DM 23 PP, nT LR AR
FHATEAEEE ) mtDNA 2 A0, (E BRI i5
B2 Pi HEIIFA R (B H A iEs
0.006) . IXFHE A h (. K Pi {0 T E6R 1 fA
PR AT BB A2 FH— MR/ A RO S, B
W R R TR Z AN, HEAIERGER R
AR P52 FAL (Avise, 2000).

NGRS P e e S A P (E AN KA G Pl
3 0.00434, P4 KA K 4.007) KFE, H5EHHE
S LA 22 B P AR I K T A A AR S T A — A
K- CFH4 PifE 4 0.00218, 714 K 5 4 1.649)( Yan,
2005), AL FEPEMAG. PR AR 1 5 — 7 1
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HF 29 &

2

A BE A TR A R R B R
(founder effect) Fr5lie, 5j—7J71H T HEEMENR
P RE AT TR W TR TR A T B, It
Ab, AP RO, AR AR SRk
/B, T R (bottleneck  effect) vt 4% 152 A
(genetic drift), ZINFFEAARZHHE P 7 AR 1 i R 25 2R st
B8R ] REAE PR RE B b 3 BUZ AR5 AL 2 FE 1
IR, FEAAR/ N AR TG, 2R (1AL Sl 25 1
EP

NI 1 £6 3 ASFIEES B 1) PLAE S BIKE , B
SEAR RN PERT M AZ IR 2 A& PERUIK, T O
PO T . — B T A TYIFRE R
SEMA AR AL 2 FEVEIRDRERN, « AR IS AR R 5
AT AR B, YNFRFIE S AN vk A b3l 2k ey o
VAR DN, DR s O A PR a4 A S i R dit
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