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&3 B & 25 rDNA ¥ 18 & PR ML= 2 47

BB, EARME, T hth, 7 REAR

CRAVFR R KGR FRIR S EW R E m IR SRR E b EA R Rk KA Hr50T, Wit %11 4340000

4 I PCR HARY 1443 TE H ( Acipenseriformes )15 /™ Fi (11 #% 5% 1% DNA (xDNA > 18S rRNA %:[X 5 28S tRNA E R 2
A1 2.5 kb [t B, A 7 AN PRI A DIBER 2 B AT IR B R 3 e B BoR, /A LA Tag DNA 58 % GC
Buffer &4 PCR $i AR BER AR 17ty 3543 72 H 21250 (DNA. HRIZEGL] B ol B 5 93 NI M4 &, Horp 21 DR
fir R 12 A SEEALA . Hha 1 BBV B0 BUTET A5 th 52 & — B0 4R X 47 X fR 45 1DNA UThRE A B EAE .
— LR BT DI R T S K B R 630 H B 2N FE(E 2 1DNA 5407 2R R, 3o i )i 1% B Y
BT, I 1952 UPGMA 5 F 240 RILEFRI AR RE X R G U E BN ZR], KT a8 R 2NN tDNA 547
ERFENZN, KB R BRERAAEEN REMA R, SOPERIHRT & 6C & BB AT PCR 4141 1D-

NA 8 H S FRERZTHRMER. [ HEKZEZ,2006,13(6):885 890 ]

X597 57 B ;tDNA: PCR; PR A7 &
HES %S :Q953 SCARFRIRAD: A

3% H ( Acipenseriformes ) /& —F il 2 1 & fif
fikth, J& T LR SRS, TR RS R %
Bk EER AN . SR 4 27
WA TACERR, B RAKEERER AR AN A
KU T AAEEARR, A A S &R,
3% H AL ARG LR E 2, Ol A K
KEHEASRFHE—MEN. 1710 29K, FH
FFBREZHATREGTE B XM REHEE T
RARH R, BAR EHFHA R AN R
ARAF, B H 2 5 E B R, DU a5k
H 5 AL A ME R H B Bk {4 DNA (mtDNAD , 1%
% DNA FIRFFUIR /D570 [k, B A 40 A
ML, E TR H NS FRA KRR, B RE N
1% B R H BT 5T

B MEZ) W% P 1% 55 7 DNA(nrDNA 5% rDNA) /2
—ANREEEFISEHWAT B EERTER
18S rRNA.5. 8S rRNA .28S rRNA JE [ L A2 2 4P 1]
B DX (TITS1 1 ITS2) FAME B& X CETS), nld 1 jr
Ne EERITHEANER KIS X ARG FEEHAL
(O ot AEAR[R] 3 R B8 DX 38 AR R 38 5 3 AN AR TR,
FER DX TE AL B0 B 5 PR AR =, T (R BR X 7E

Y55 H #1:2006 -03 -06; 51T H#A:2006 -04 - 24.

X EHS:1005 - 8737 - (2006 )06 - 0885 - 06

Tl B 7 31 22 S b KT8, (DNA 13X — ALY
SRR TR 4 T R4 25, CIE R
[y I8-151 G331 DNA 4 F R4 = AR TTE
R/, 90 B IR R X 2 09 P HORE b IR AT B
DNA 4 8 R . ASLie ik B 1 %
rDNA 5 53 514, I F cicdk 1 PCR He R 97 1 69 2%
rDNA , J£8 i B 61 0 71 DT A ) 4 % 19 DA 547 43
7 LU T AR 6375 B #2550 1) tDNA B8 571500,
MBS FRE L RNER.

1 ##RFTE

1.1 R
KHAT 15 FREFTE H 2, B 13 Fh i 4 88 ok
VR R ARAFIRE WITHRLT 1, 5340 2 Fh 1 653 C Acipens-
er fulvescen ) F11 K 74 V¥ fi3 ( A. oxyrinchus ), ¥ BU T 3%
[l %5 8% rDNA B HELCER 5, B B 7 510 22 53 A
SR RIE TR (8] B 43 T HEAL P A2 R B, T DA 1
AR 1 RAERE.
1.2 5 DNA {2BLIK PCR ¥ 187 7%
1RMEARIA0.1 g AP KRR K
LI, R A SDS-2E H il K THAL A 2R, - Al

AEWMB: HF BEAREES TR H (30490231 ; HFE R EAE T/EE & £ T1(2002DEAL004 ) ; [ Z # £ 24 25 7 % 1 2004 DIB3J099 .
EEE N EER(1973 - ), BN R R, =8N FERBEZTH . Tel: 0716 -8119161. E-mail: wdq@ yfi. ac. cn

BIRAEE: fEHEFE. Tel:0716 - 8128881. E-mail : weiqw@ yfi. ac. cn
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HhrEat,

i34 rDNA (4 384 W F 514058 Fizs|9h
18SH634: 5’ GCCTGCGGCTTAATTTGACTCAACA-
CGG3', fi T i 11 18S rRNA 3 K"’ ( GenBank %
5 : AF133089)3" i 634 bp 7 i; T 5|4 28519245’

18SH634
*—>

GACTCCTTGGTCCGTGTTTCAAGACGGT3', fi T %
1 28S TRNA 3 M ( AF133089 ) 5' i 1924 bp fif
B XS REY 145 2.6 kb [f) DNA H B,
S147E 1DNA BRI ALE WET 1 BT

28SL924
-

ETS 18S ITS1

5.8S | ITS2 288

1 DNA £ EFIMHAE
Fig. 1 Organization of tDNA and locations of primers

PCR 1 100 wL, ©# 10 x GC Buffer| 4
WTFECKE)F R A A, Takara ]10 wL, 10 mmol/L
dNTP 0. 8 uL.10 wmol/L 5[#)% 4 uL,LA Taq DNA
R4 il ( Takara) 2 47, 3& 8 ¥R J¥ () DNA BT 1
pL. FMNFE KB 2 B F /K% 100 pL. PCR IR MEEK
PCR H 73, BIKEAR K5 RN (25 B &5 9 —
AP, IR IR K EE B[R], PCR %94 C
30 5,68 C 12 min, £ 30 MEH, AT 95 CTIAE
P£3 min, LR G 72 C (R 15 min. A TIRE
PCR (¥ 7 1, PCR % FC 1 78 0k F3EAT, 24 PCR
LR FETHEI 80 CJ5 A K B L T8 B PCR AL 46
P AT ORUES 3 45 R B S, BN A 2
LL_E PCR M.

1.3 MREIMEAYIESEY). Bk RERELE

PCR 455, B 2 pL R MIREY) T 0. 8% 5 fig
BE B DR I S RUR . AR 4E PCR 79 B UK
FE, BANMERLS ~8 mL ), 0 1. 5 mL BB VI ZE
3 ~10 U BRAIE P VI8, 4P 76 2818 7K £ 15 mL, /K3
A R G A A R AER . SR TH 9
MR 4 B 5 BREE A BRI A U1 Afa T GTAC ],
Ava T [ GG CA/T) CCJ, Dde 1 [ CTNAG |, Hae Tl
[GGCC], Hha I [ GCGC ], Mbo 1 [ GATC ], Msp 1
[CCGG I, Nei I[CC(C/G)GG]. Xsp I [ CTAG .
PIRME WG, F 70 C /KA 30 min, 7F 2% JE 4
B b LUK AT B BRAMT T LR I

WRYERE D) 25 5L, 5 v vk B ol 5 e B 0 O A2
18, LOAEAE) "R e [, F6 7 H PHYLIP % #4600t
B Nei M Li S AEBEES . JE T 4% PR BSAR I, M2
FEINAL S A HA T3 UPGMA) 73 1 R G .

2 #R

2.1 rDNA By 1%

15 BREAYRT EGAE 1 4D —. 44
2.5 kb /) DNA 77, 5 U (0 45 AL, L P AP TE
207, e HEIR
2.2 B SRR B ERASER

9 NN YIEEH, Msp T R Nei T 31X 2 AN B8 1R 51
B AR, B DI 4R 2 BLTE S I B I
HHEDLIX 2 %5 5 Y DNA o7, e L R AE S i o0 . H
T AR HE 6(Hha T )9 Mbo 1 )-12( Hae
M) 13CAfa 1) 15(Xsp 1 )\ 19CAva 11, Dde 1 ) %
DNA 7, 53k 93 4k ifr, Hor 21 & A T7E A Mg
BB IR ST, T2 40 2 SIS B AL . Hha
I B 1173 2 () DNA &/, RA 6 4%, 3 B 2ME—
—ANTE 2R T B AR R (B Ave TT AN
Dde T A ®RZ M 19 &4, R 1 5IH 6 #Eg72 4
ZXE BALSTERE AT I AT .

* 2 ARIEEG U A B 2 pE R ER P 5 A TR
o WTRUE I, Ry g R ) R i R0 65 L O
B RSB H AT 0.1, R AH R Y E S
KB 2 6], 0. 145 3, 1T e 3 55 (5 63 (38 1L PR
BEFTHFEAR T BN, h 0,021 1; 653 RL A B ] f3%
IR E /N T 0. 09, F/ME H ELTE B O i3 5 357 6
28, 4 0.027 5.

BT R B B UPGMA 4 F A4 L IE
2. 7t UPGMA # 1 gLy fig F (1 i3 55 42 i3 ) £ 2K
Ay RS TSR, PRI 6 5 oAb B B B o
T R TR (4 AL i (R], T 2 i 68 0 %A R TE
QEO
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Tab.1 Distributions of 72 informative sites
YIFF Species Afa 1 Ava [l Mbo [ Xsp1 Dde 1 Haell

AN 100000110  00101101100110010 0010000 1000010100000  010000001000000 00101001010
HD 100001010  00101001100110110 0010000 1100010100100  010010000100001 00101000110
ASC 100000110  10101001100110111 0010110 1100010000100  010000001000000 00100101011
HH 100000010  00110001100110110 0010000 1101010110110  010010010100000 00100101010
AG 101000110  10100101100110110 0010110 1101010000100  010010001000001 00101000110
AST 100000010  00101101100110110 0010010 1101010000100 01001000100000 100100101000
AM 100000110  00101101100110010 0010010 1000010000010  010000101011100 00100100110
AF 100000110  00101101101100010 0010000 1001010000110  010000001000000 00100011011
ABA 100001010  01000010100110001 1100010 1101010010010  010000001000000 00100011011
AD 100000110  00101101001100011 0010110 1001010010110  011000001000001 00100000110
AO 101000110  00101100100110110 0010110 0101011000110  010100000100000 01010101000
ASI 100000110  00101101100110010 0010000 1001010010110  010101001011100 00010010111
ABR 100100001  00110000100110010 0010000 1100010100010  010000000000000 00100101010
PS 010010110  00000010010011010 0001001 0010101101011 100001010000010 10000000011
PG 000000111  00100000101011010 0001001 001000101001 100001010000010 10000000011

7¥:ABA, FEAFITE 4T ; ABR, 143 ; AD, 15 IR 85 AF, 143 ; AG, R B #1653 ; AM, FET 565 ; AN, B KFI 43 ; AO, W1 ; ASC, Ji FL 3 ; AST,

447 AST, (564 1D, 14 & /R 82, HH, BRI 82 PG, 143 PS, k4.

Note: ABA, A. baerii; ABR, A. brevirostrus; AD, A. dabryanus; AF, A. fulvescens: AG, A. gueldenstaedtii; AM . A. medirostris; AN, A. naccarii; AO, A.
oxyrinchus ; ASC  A. screnckiiz ASI: A. sinensis; AST, A. stellatus; HD . H. dauricus: HH . H. huso; PG, Psephurus gladius : PS, Polyodon spathula.

=R A naccarii
T A filvescens
VETT 63 A medirostris

14463 A.sinensis

1A K3 A dabryanus
A5 %8 Huso dauricus
W [CH3 A.schrenchii

P Wi A gueldenstaedtii

[N Astellatus
WRINED TTuso huso
VT A.brevirostrum

7N

RWET A.oxyrinchus

AR &7 A.baerii
E— MW Polyodon spathula
L 115 Psephurus gladius

0.03 0.02 0.01 0.00

2 15 F37% H KK UPGMA 70 T R4 H
Fig.2 UPGMA phylogenetic tree of fifteen species of Acipenseriforme

3 itig

— B R, By 2.5 kb A4 B DNA F B
H LN Tag DNA 2R & B A0 2008 30 7 1 3 RE 96
77, BT 1DNA 19 GC & BB &, &5 T
DNA 4584, ¥ e 5 8 & n — H NS DU IR

AR, (ERMER R, R Aed S LB I A B
TEH SR BUR T BB B 2 A — 41, 71
ML, 2B B o2k %8 Tag DNA 2R5 A
ExTaq DNA 3R 4 i#( Takara) \LA Taq DNA R 5 X
FH R Al 22 i 33 TE VAT IR B B R B A
ExTaq DNA %4 B8R4 GC Buffer, 72 AHF 7T PCR
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TR 7T, AT A I 2 B 1 B, (B AR E 2 R
YY), I BIREA A DB RS R 2
—EEGE BRI R, AR L Bk
LA Taq DNA X &1 GC Buffer —#f F I ] LLR
TG 2 H A B I B RER & B R IE K
G [ BB KT 6 min, P24 2 538 F R 1 57
Vet & BEAG. Bk, 370 GC & B R
#-*, Fl LA Taq DNA % & 5 F! GC Buffer #5 7]
RS IR BRI R .

#37% B tDNA 1) PR il v B D167 2, B ik
7% (72/93 ) BI47 2 /s 2 55 B mtDNA. f) BR 36 4
B2 A0 BT 2 R (DNA I H B
THEAS S AL BB (R 2) B H mDNA 977 Bk,
WA B 2K Fh R % (DNA F27ET 32 10 e 5148
7, W RFEFE L mDNA )R . 8%, Bz D-
NA Lt mtDNA ] rDNA {R57 P22 5, T tDNA [ R 57
P b gl 02 (R (4 2y, 4 00 653 78 H % DNA (8] 1)
FAR S PEATAE S % xDNA R 2 AN AL BS F (ITS)
Ko XZRF A ITS 7 Fla) 10 &2 B 2 E &
K20, 2 AN ITS (9 KB o BT 43 B A B KB
13, XFERIE N T A RS . FR, RIE
A NWYIEGCAfa ] ,Avall , Dde 1, Xsp 1) (G DI 7=
Py Bk ISR EER T 2.5 kb X HFIEARTE
SIS, ALREE 2 K, 8 H T &N VIR

FOCKEEDIRT ], BTiR 45 R e 2 — 8. XME AT
BEEEFA PR Y tDNA 1776 2 ANDL LS5 3[R, 2547
o DAY ) 3 AR 2 5 o 5 [ 1y, L A ) — S 4 1F
UF R AT B DI & X FELEAR R 0 & L A 1S54 2
NEBEA S, BEA. 258K, PCR ¥ 1815
BN B/ NMHFL (B EF S FLUKTS 20 DNA 7 (19
BRERR T R B K EZ. Krieger Ml Fuerst
XFJLFPET 18S rRNA 2[R (B 5%, UE 32 T 634> 75
18S rRNA J R f77E £ 25 3 01, xp T8 Redk
TR ITS, A N AN R 45 T (8] A7 78 7 91 22 el 38
ARAFFT . 1DNA NMEWITFH) 2 B HE 9+ If
A% W, RE 1DNA 450 o R R A B A2 2 A
$5 U1, {8 % 2070 ) CR R P [RI AL, 3 00 2 P —
ot 1017 IE dn 6 meDNA 8 3 A7 7E A A R A 1K
) e T T2 B, fDNA AN P9 A4 4[] 3% 36 77
7E 2 S ME T RS 2 X PRSI 2 A5 R B 2R R AT o
H AT, ARBFFC LA Beffi g & P tDNA £ 2 DA%
PRI, (HHE— 25 X645 A1 0] B X 7E P tDNA HAF
5, T M50 R (AR S 288, SR N B R 6378 H
(51 B4y S EEE Y. 1A, Hha T WY
BT A 325 rDNA B V) 2L 58 4 — 2 3 XA
PIAL i 440 {R 57, ATBEXT (R FF fDNA BJ DR HE 22
fEH.

F2 ET rDNA IRHEESYIRI ST A0 15 #hEIH B L aiRRIEE
Tab.2 Genetic distance of fifteen species of Acipenseriforme based on restricted sites of rDNA %

AN HD ASC HH AG AST

AF ABA AD AO ASI ABR PS

HD 0.0370

ASC  0.0361 0.0472

HH 0.0496 0.0344 0.046 1

AG  0.0417 0.0337 0.0329 0.0514

AST 0.0370 0.0353 0.0283 0.0344 0.027 7

AM  0.0333 0.0580 0.0434 0.0635 0.048 8 0.0445

AF 0.0275 0.0594 0.0380 0.0511 0.0499 0.0389 0.0417

ABA 0.0733 0.0848 0.0607 0.0678 0.0806 0.0695 0.0799 0.059 4

AD 0.0495 0.0607 0.0461 0.0662 0.0389 0.0472 0.0434 0.0317 0.0751

A0 0.0667 0.0706 0.0488 0.0553 0.0540 0.0434 0.0662 0.0607 0.093 3 0.068 9

ASI  0.0511 0.0689 0.0605 0.0672 0.0592 0.0620 0.0329 0.0337 0.076 0 0.047 7 0.063 1

ABR 0.0431 0.0551 0.0537 0.0333 0.0742 0.0551 0.058 1
PS 0.1169 0.1392 0.1350 0.1253 0.1511 0.1609 0.1321
PG 0.1011 0.1224 0.1189 0.1189 0.1340 0.1422 0.1253

0.0596 0.0703 0.0842 0.0714 0.0848
0.1261 0.1291 0.1453 0.1380 0.1246 0.12375
0.1101 0.1422 0.1380 0.1409 0.1184 0.1072 0.0211

7¥:ABA, Fi{AFI &3 ; ABR, W43 ; AD, 1A K53 ; AT, 143 AG, R B H183 ; AM, JE 71 589 ; AN, BRI 63 AO, 22135 ASC, Hi FL 43 ; ASI,

447 ; AST, [N564 : 1D, 14 & /R 82, HH, BRI 82 PG, 1 43 PS, k45,

Note: ABA, A. baerii; ABR, A. brevirostrus; AD A. dabryanus; AF, A. fulvescens; AG, A. gueldenstaedtii; AM, A. medirosiris; AN A. naccarii; AO, A.
oxyrinchus ; ASC  A. screnckiiz ASI: A. sinensis; AST, A. stellatus ; HD . H. dauricus: HH . H. huso; PG, Psephurus gladius : PS, Polyodon spathula.
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RYE tDNA B ) BRI R R CE 2D,
WS R 2 R B AR ) SRR 13 R
B TF, 1 2 R A 5 R B8 RO 65) B R 3
— XA B A TG BT AR B R
MR R ARSI AKI A R R Z 5 P9 {A R
BRI PGV 63 40 ) 5 HAR BT TR B & A R — /)
STCE2) . AR (ND A Mtttk (ME)
BMALHCRFIH) 5 UPGMA B IF A K KX
Bl. BABFFN T R AT AT — AR Wtk
B8, X[ERE fDNA K5 £ 7G55, HEER
AIREE BT AME A 2 55 00 25 N 1 A7 4, T BORE AR
FE SRR IS R REEA 3, ALY A5
MR HARTE, SR R MR Z. Bk, A rDNA
BE UL R BORAR TG H 009> 7 R G0 2 Al 5 1,
X5 A S R A FIRE, B T8 ]
tDNA 7776 00 B 10 2 ) 22 5, TR b A A sl 2 A
SN F IR ERE S F REMAIRE—AMBRITH
HE, X AEH T — S BEMM T /E, DNA 71 5
BT B TR
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Amplification and restriction sites analysis of rDNA in Acipenseriformes

WANG Deng-qgiang, WEI Qi-wei, LUO Xiao-song: FANG Yao-lin
(Key Laboratory of Freshwater Fish Germplasm Resources & Biotechnology of Ministry of Agriculture, Yangtze River Institute of Fish-
eries, Chinese Academy of Fisheries Sciences, Jingzhou 434000 . China >

Abstract: The phylogenetic and evolutionary relationships within Acipenseriformes are of scientific signifi-
cance but views on it based on different data are also debated. In this paper, nuclear ribosomal DNA( rDNA )
of two paddlefishes and thirteen sturgeons were amplified by polymerase chain reaction( PCR), and nine re-
striction endonucleases(Afa I . Avall , Dde I - Haell,Hha 1. Mbo I .Msp I . Nci I .Xsp I ) were used to
digest the PCR products for testing the difference of restriction sites. The molecular phylogenetic tree of Aci-
penseriformes was also reconstructed based on genetic distance.

To amplifiy rtDNA effectively, LA Tag DNA polymerase, GC buffer( Takara, Dalian) and long PCR method
were used, and the expected DNA segments of about 2. 5 kb were obtained. After suitable enzyme reactions, two
endonucleases( Msp I , Neci I ) produced nondescript DNA electrophoresis bands which were excluded in anal-
ysis here. Six to nineteen restriction DNA bands were identified respectively for the other seven endonucleases.
The total number of restriction DNA electrophoresis bands was ninety-three , twenty-one of which were conser-
vative and seventy-two were variable among the specimens of Acipenseriformes. Hha 1 generated six bands from
all the 15 species, indicating the restriction sites play important roles in active functions of rDNAs. Total sizes
of electrophoresis bands produced by four endonucleases did not equal to the sizes of PCR products, implying
multiple alleles of rDNA existed in an individual of Acipenseriformes. The presence of multiple alleles within
individuals may be an evolutionary character, just like mtDNA heteroplamy in sturgeons. The pair-wise genetic
distances based on restriction sites ranged from 0. 021 1( Polyodon spathulaus Psephurus gladius) to 0. 145 3
( Polyodon spathulaus A. dabryanus ). The UPGMA molecular phylogenetic tree of the fifteen species was divid-
ed into two large clusters—two paddlefishes forming a cluster, whereas the sturgeons forming the other one. It
was the same results as the reported ones. The relationship among sturgeons may be obscured by the presence
of multiple alleles, which had some difference from the other research results that A. baerii, and then A. oxyrin-
chus was separated from the other species respectively. Future studies should focus on divergence investigation
and allele types within and between individuals. [ Journal of Fishery Sciences of China,2006,13(6):885 -
890 |
Key words: Acipenseriformes; rDNA ; PCR; restriction sites
Corresponding author: WEI Qi-wei. E-mail : weiqw@ yfi. ac. cn
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