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HZE: ND4 Fll ND5 LR AR SE 2 4 ity NADH B NG 4 FINEHE 5 RIPRAN R gt JE A o a5 A
SGERRHO A TIITN R, HlE T 10 MYFH ND4 F1 ND5 JEBEI 4 FE 1 LU FRa) i 3 A t(RNA JEREISE 212 bp (1
J75, 4t A\ GenBank 2 15 MR 15 &7 5T P A LIRFI REER B KRR T &R ER: HGERMEA
ND4 LR 4K 1380~1387 bp, LA ATG ARG ¥, &L F A REEL 55 NDS N 4K 1821~1839
bp, [AIFEEIEZL T ATG, %1251 TAA 8 TAG; ND4 F1 ND5 S Z [iJ4HAN T 3 > tRNA JERE, 230
ILIE A AR . 22, SR (RNA. ND4 1 ND5 KB (7 3 4 tRNA HEED F1 AL T G, C [K°FH
TR 30.4%. 27.3%. 14.2%. 28.1%, A+T (57.7%)&EE T G+C (42.3%) & . 5 Eiktt (Ti/Tv)
FAAE R 1,586 KEHNBE I fo FfiE £6 6 S R ASHE, SRR AL (MP) S RALSR: (ML) A DU i lbrids (BD
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Phylogenetic Relationships Among Cobitoidea Based on
Mitochondrial ND4 and NDS Gene Sequences
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(1. Huazhong Agricultural University, Wuhan 430070, China; 2. Institute of Hydrobiology, the Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: In the present study, we cloned and sequenced 10 new ND4 and ND5 gene sequences of Cobitoidea.
These sequences were used to reconstruct phylogenetic relationships together with those of 15 other species downloaded
from GenBank. The results showed that the length of ND4 gene sequence was 1380—1387 bp with ATG as starting codon
and incomplete termination signal as terminated codon; the length of ND5 gene sequence was 1821—1839 bp with ATG
as starting codon and TAA or TAG as terminated codon; three tRNA genes coding tRNAs that carry hisidine, serine and
leucine respectively, were inserted between ND4 and ND5 genes. A, T, C and G accounted for 30.4%, 27.3%, 14.2% and
28.1% in ND4/ND5 gene (including intervening three tRNA genes). The content of A+T (57.7%) is higher than that of
G+C (42.3%). The estimated Ti/Tv ratio was 1.586. With Danio rerio and Cyprinus carpio as outgroups, the phylogenetic
relationships of Cobitoidea were analyzed using maximum parsimony (MP) method, maximum likelihood (ML) method
and Bayesian analyses (BI). Results of all the three methods indicated that Cobitinae, Nemacheilinae, Botiinae,
Balitoridae and Vaillantellidae were all monophyletic respectively, and their interrelationships were: (Vaillantellidae +
(Botiinae + (Cobitinae + (Nemacheilinae + Balitoridae)))), which was consistent with the previous studies based on the
whole mitogenome and some nuclear genes sequences (eg. RAG1 gene). However, the present results differ from those
based upon other mtDNA genes sequences (e.g. the cyt b and D-loop showed that Nemacheilinae grouped with Cobitinae
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forming sister-group, then they clustered with Balitoridae). The difference could be due to the phylogenetic information

carried by different length sequence: Longer sequences carry more information and result in more reliable phylogenetic

trees.
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i H A s KoK a2k, A6
3268 Fl (Nelson, 2006), 7E£HFRERBFHTT
W R A . ARSI H 252 LA
JESFHE ARG, KR RERERE RRICAAER
24, ik, SR AARRHEEE G T T iE H
A #4 (Cypriniformes Tree of Life, CToL) [ [H Br
HAETH , Ay A R £0 28 2 0
Cra A . TESFRIE R o T 55 5N Ty T (A
ORI H 125 (10 REE KR B 0] BT 4 1 T
Fo

fifEE R} (Cobitoidea) Sl I H s A B E 1) —
ANEHE, LMLy AR H (1) 26% (Nelson,
2006). K THGEEFRHI 73S, Sawada (1982) HR¥E
48 PP RN 52 AN S AMBHREEE,
R WAL (Cobtidae) FIV-EH A} (Balitoridae)
PIAEE,  Hh R R OE R (Botiinae) LA
W&l ( Cobitinae ) , V- & ik B} 0 5 5 6 W #}
(Nemacheilinae) FI°P#E IV} (Balitorinae). 1
FE] P 27 38 K 22 B0 2% O R UE D 6 FF (Chen &
Zhu, 1984; Zhu, 1995; #&HhiyaiE%), Hur
B Fbr BT b2 1) /& Sawada (1982) [ M 4
(Nelson, 2006; Saitoh et al, 2006). Tk, —
L 2 2 B T T A R 23 1 R IR R 68k B £ 28 11) R ¢
CHRFRIAT TERGE, RIUH 25 AR+ LA
EMJF9Y (Nalbant & Bianco, 1998; Saitoh et al,
2006; Tang etal, 2006; Slechtovaetal, 2007), ¥
RS Ik 4 SRR JR AR 2R, HAR 3 A
KM K AT Kk, SERERNRERT
KAREE R T2 01T

ND4 1 ND5 J& 4R AR 5L K 20 v 2w iy NADH Jlid
MG 4 R 5 (AN g Ag e R . 0T
LR, HHABLRAAIERAH L, ND4. ND5 [
ARG, 7EE RGO R R 1 R4
RERXRN, Re@EH MR RAERKE M
(Zardoya & Meyer, 1996). Hii, HiXAKEH
AT RE KRG RAMRIIREILE . iR
—WFFRAREIN S, SR BRI EMALL, K
BB ER AT 2 E0RE S, BRI

AT EE RS8R B W (Hofreiter, 2008) . Zikifk ND4.
NDS5 S AR AN SE BT R] 1) 3 A tRNA S (R IG5 )7
H (LA ND4+5 sk&oRn) 5N Z 1 eyt b FEFAH
b, HAEZ MRS, FEREHTKIRZ .
AW 5T ARG BN 5, X ND4+5 J
DK 41 () AR S LB AT o0 AT, Sl GRE R £ SIS 1) 40
T RGH, BT NDa+s BRI USRS K
BREE, FNHEHERIRGEKE .

1 MB5HE

1.1 #HRARAE

AHF5TLABE 5 f11.( Danio rerio) Flf# £5 ( Cyprinus
carpio) TEANEHE, 1EFE T WG RNa S AL
23 B 25 NAMEAT P50 0, Al bR B SR
ST RGN HAREGERE 10 MR ND4+5 JE R
JFrEA, Hopl 15 FhERGERF 828 A AR [R]
PIPHI N GenBank T #3K1H. DNA Wl ¥ 5 # % H
(RIRE SR 504 95% W RS [ e brAs, 32 BN 257K
RIS, ARARAE T h E R Bk A AR
P K s 2R A . FARFRE S AR RIS B LR
1.
1.2 E[FH DNA HI3ZEL

TEARGCH, KA T PRI DNA 1177145,
— MR- AT SR R kg
o TTEMTT

M-S s, AT MILAGERET 1.5 mL
(¥} Eppendorf &, HZ1f/K. TE (10 mmol/L
Tris.HCI, 1 mmol/L EDTA, pHS8.0) LR,
BB AR P IR SR 5 N 620 uL [ STE (0.1
mol/L NaCl, 10 mmol/L Tris-HCI, 1 mmol/L EDTA,
pHS8.0) 41 4@, 70 uL 10%[H) SDS, 10 pL &
FIfE K (10 pg/ul), BT 55°CIHEIRAS itk 2%
Wlo IMANSEARTR Rl ik (pH fED, 0
NEARFR A~ I KBE (24 0 1) 4hde, 2 LEH
Jto AN BB PSRRI oK SBEDTHE 2 h BLE,
B0 G TR T5% ) SRR DTE, O£ OlE T
BEJF I 30~50 pL (K XS KB TE 98 il
fift, FEAFT-20°CHIVKAE 25 H
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AR YE, WA HINERET 2 mL 1)
Eppendorf i H1, BYFAET, A 500 L HOM Buffer
A 10~15 uL IR K, ET 55Crfaisa h it
3% . A 500 uL NaCl (4.5 mol/L), 300 pL 4
Pid e IO 600 uL SR EEUTE, T—20CHRAF 1 h
DAL, B0 JE T 70% SEEDEEs, TS I 50 ul
KK ESR, A7 T-20CHIUKFEH & H .

1.3 PCRi 1%

ND4+5 JE[H 741 4> 3387~3443 bp. fE
mtDNA |, ND4 B[R Z: /& ND4AL JEfK, NDS5 2t
KA /2 ND6 £:[K, ND4 1 ND5 L2 ) & 3 4
tRNA JE . FET gy, 20 7){E ND4L. ND6
A 321X bz ND4 ND5 JE R N 3851490, 5149
FFH2% Miyaetal (2006), FHRi1ESzh. AT

o5 s X . LArgdl+H11618d ;
L11427dA+H12632dB ;  L12328d+H13393d ;
L13058d+H13721d; L13559d+H14710d (& 1).
PCR S [FLEAARR R 60 pl, e AR RALEE:
10xBuffer 6 pL, dNTPs 1.2 pL (B MgILIKEE A 2.5
mmol/L), 51#)% 1.5 pL (10 pmol/L), Taq B 3.0 U.
PCR N4 Hy: 95 CHARPE 3 min, SRJEIEHEL
fi: 94°CAZME 305, 52°CIE K 30's, 72°C#EAH 1 min,
L35 MG, 5 SGH 72° CLEH 5 min.
1.4 PCR 48944 F0 =
PCR /=W H] 1.0% 1B IEH Fo kA, JF7e 58
AMESHA EMEE . PCR =9 FAR ) G EA T sz [ i
BB AR DR [ ikl e 2 w1 .
1.5 HIEHHR

x 1 ARPIAAIRAR KR

Tab.1 Specimens and their localities in the present study
P s L/ BT Rt B GenBank 7515
KA Locality
Taxon Species and haplotype Accession Nos.
P3P Oreonectes platycephalus I VYA Guilin, Guangxi GQ281578
ST Lefua echigonia AB054126°
. ARt Schistura fasciolata PO Xichang, Sichuan GQ281577
Nemacheilinae .
Barbatula toni NC_008670
Schistura balteata NC_008679"
rRAEZEAR 1 Cobitis sinensis 1 AY526868"
FRAELEH 2 Cobitis sinensis 2 J7JNH 1l Zhongshan, Guangzhou GQ281579
3 ‘ Cobitis striata AB054125°
HEBIER Cobitis choii EU656112"
Cobitinae Ve Misgurnus anguillicaudatus NC_011209"
Misgurnus nikolskyi NC_008678"
3.4 Acantopsis choirorhynchos NC_008669"
fifkik At Pangio anguillaris NC_008675"
Cobitoidea L5y 1 Chromobotia macracantha 1 NC_008671"
y 55V 2Chromobotia macracantha 2 FOBUTMELE T Market in Wuhan — GQ281573
i N .
BRI AL#ALEK Sinibotia robusta PRI Liuzhou, Guangxi GQ281574
Botiinae thAEvbE) Sinibotia superciliaris i AR Mudong, Chongging GQ281575
Leptobotia mantschurica NC7008677*
KR Leptobotia taeniops 40 Jinkou, Wuhan GQ281576
IS R 58K P et S O6 Crossostoma lacustre NC 001727
i ) fiff Pseudogastromyzon fasciatus Ve Guangze, Fujian 5
Gastromyzomnae MEEW@*X P d f 71}7% i Gi GQ281 80
B ] 75 S AL 6 Sinogastromyzon sichangensis 51N 47> Jinsha, Guizhou GQ281581
1] 3] H T 5 B I :
Balitorinae FL3LH Lepturichthys fimbriata EPRAI Mudong, Chongging GQ281582 *
Homaloptera leonardi NC 008673
Vaillantellidae Vaillantella maassi NC_008680"
AT fiif, Cyprinus carpio NC_001606"
@R} Cyprinidae _ )
Outgroup Kt Danio rerio AC024175"

"% MGenBank F #1151 (The sequences were downloaded from GenBank )
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LArgd1 L11427dA L12328d L13058d L13559d
— - - - -
R HSL E
ND3 I ND4L ND4 Ill ND5 ND6 I Cyth
<« <« <« -~ P
H11618d H12632dB H13393d H13721d H14710d
»  ND4+5 -

Bl 1 ND4. ND5 %7 B EE L 5 05 AR 7
Fig. 1 Schematic representation of the ND4/ND5 gene region and relative positions of 5 pairs of primers
AT IO SRR IE T 51, AR SR m 514 NDA+5 AU Ry Hy Sy L. E 28R I 2R . 410K

IR AR 2R (RNA JE

The right arrows represent forward primers and the left arrows represent reverse primers. ND4+5 region was used for the present analysis. R, H, S, L

and E represent tRNA-Arg gene, tRNA-His gene, tRNA-Ser gene, tRNA-Leu gene and tRNA-Glu gene, respectively.

600

Absolute number of substitutions (y)

100 | = © Transition

£ Transversion

GTR distance of ND4+5 (x)

2 Beffe, WU A0 B H AJE T GTR BEALRY
AT T /A NDA+5 FED 741 B H
BT FRY 5 A G S

Fig. 2 Scatter plot for the absolute number of transit-
ions and transversions versus GTR distance of
ND4+5 gene in pairwise comparisons between the
species in the present study

DNA 7 H I HES A H Clustal X B, 04T T
T %%, MGenBank 2R RSN SR 15
IND4+5 JEPEI P41 o i ik L 0 #r k3 21 e
URE - (ATG) FIZRZ 1, MIBRI L%+
R RN R 2R 1 J5 TRAE o P 91 25 3 11 7 o A
AR 51 0 Fl Mega4.0 (Tamura et al, 2007) (1)
Statisticfir & HEAT 0 H1. FHPAUP 8 fEE I 551 h
M 4 R F 4G (1) Ak 2 H UL A I AR el ol (H
GTREE T N it 4L #E 25, GTR distances), FF7F
Statistica 6.0 FAFHHEATAE B 43 H7 3 0 Hh i AR
AT o 701 R IR iR H 5 K TR 2935
(MP). g KABARIE (ML) Fi ULk (BD,

HAMPHIMLYZE R HIPAUP 4.0b10 ( Swofford, 2002)
W AF . BI L K A MrBayesV3.0 ( Ronquist &
Huelsenbeck, 2003) #ff. MPHRIMLIE® 7 SC I E
155 BE 43 R FH 1000 YR 100 YK H 453 #T (bootstrap
analysis) AT B KL . BIVELUG K2 (posterior
probability) &R 7> L A5 PES

2 &4 R

2.1 HiEBRIEZE ND4+5 BEFISBETFH

#

Lo o A I 45 SR 3, BB 2E ND4 SR
4K 1380~138 bp, LA ATG Midfists 1, &Ik
FW T NA TINS5 NDS ERAK 1821~
1839 bp, [FIFFARIAZIS 10 ATG, ZILZM1h
TAA 5% TAG; ND4 fil ND5 JERZ AN T 3 A4
tRNA BB, 20 il g4 4l 2R . 22 2 R AN S22
TR IRNA, JPHIKEE 514 70, 68 F1 73 bp. fift
RO ND4+5 B 7411 42K 3 387~3 443 bp,
Feoir AVT G C 418 5501 30.4%+.27.3%
14.2%+28.1%, A+T (57.7%) 1 &5 & T G+C (42.3%)
25

BT Kimura WS HRRH B AL E, LU
SE BRI IS AL - AGRR RS, 45 3L W B ) (1 1 1%
PHEEA 0.203~0.255, BfGEERE ND4+-5 K 341
B S EH 2t (TYTv) A8 EA 0.983~
9.579, “VF¥IME N 1.586. FEBLIHTI 3462 M7 A
o, L 1899 MRS AL, P RIZME B AN
1525 4. K 1 BRI /MK ND4A+5 JE R 21 1) e
RIS AR B A, YRS AR A
RGERKE R, AT H TR . R RK
b, R KT R A
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22 HFERGH g E (MP Wk 78, ML #ky 76, BI R TR

ST HuMEE, AT SR a2 s A
AR AR, e, TR, F
fi& 6f £} A1 Vaillantellidae I RFERE K FR. HH
Vaillantellidae H 433 —ANE Vaillantella, %)@ 24>
A FEJE K Ty K67 (fishbase 2009 4F 2 H
#rs WAL http://www.fishbase.org/search.php). i
BKTLE (MP) F o RRARE (ML) ULy
WL (BD WMED T REM. 3 MOk 4
T RGN RIEAR—S (B 3~5).

PLBE D £ (Danio rerio) Al £t ( Cyprinus
carpio) VN AMEAE, 3 PR 72 45 R — BB R,
BRI RG R E K FRHN: (Vaillantellidae+ (VD1
WA G RH RO RH-TEE6HRL D 48500
Bb PEESEL FE6H R YO EOE AR Vaillantellidae
X 5 ANRBEAR S AMOL e SR R, FLAR AT 214 w11
YHER (B 90; K 3~5); Vaillantella &1 ft
HIHE LB B, O — ML S, S H:

25 Schistura fasciolata
a4 Oreconectes platycephalus
o 39 Lefita echigonia
Barbatula toni

100D SR SRR A — A A e — > 70 3¢
(lineage), SCHRFFILE 50 LA L MP Bl [ i
ZFE% (bootstrap value, BP) 4 50, ML #+ BP
3 68, BI W H 55 ME% (posterior probability, PP)
H 940 %5 SCH ROV RS ISCH IR, AR5 ST
O B2 A K 7 s 2 TN RN
PRI RGEKERKER, MPH (] 3). ML #
(Kl 4> A1 B (B S Hmh&iJLT—2, R
TERB A RSO AL AR5 (1) =N A 4%
TR 4 AR 153 P F AR 2 5
g SRRE B S 2 AN SR O R
(Balitorinae) FIHEWY V£l (Gastromyzoninae), ‘&
V53 R e B R o MR B A Jsd o 2R 1) SCRE 3R
7E 3 PR i A 100%, P EE GO AT SR
HAN K 82% (MP B\ 68% (ML ) H1 98% (BI
B SR, PIASEEERE (Schistura) [14Fd
WAHRBE K. £ MP K, 45

76

100

94

100 Crossostoma lacustre

F R
Nemacheilinae
Schistura balteafa
100 Sinogastromyzon sichangensis
_:Lepnu‘ichﬂi}-'s fimbriata
Homaloptera leonardi S4B
Balitoridae
Pseudogastromyzon fasciahis
Cobitis choii
C. siriata
C. sinensis 1
Cs.2 LB AL
Misgurnus anguillicaudatus Cobitinae
M. nikolskyi
Acantopsis choirorhynchos
Pangio anguillaris
PR R
Botiinae

100 Chromobotia macracantha 1
81 C.om. 2
100 Sinibotia robusta
91 -
S. superciliaris

Leptobotia mantschurica

L. taeniops

Vaillantella maassi

— 100

Cyprinus carpio

Bl 3 BET NDA4+5 5 Xy SR e 1RO SRR ek £ 251K MP A

Danio rerio

1 Vaillantellidae

Fig. 3 MP tree of Cobitoidea based on the ND4+5 gene sequences
AL EUERR R B SZFEZE (Values on the nodes present the bootstrap value).
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Schistura fasciolata

Barbatula foni

RS
Oreonectes platycephalu: AREHIEAL
100 ) Nemacheilinae
Lefiia echigonia
Sehistura balteata
68 ” , . .
— 100 Sinogastromyzon sichangensis
63 Lepturichthys fimbriata
0 8
100 Homaloptera leonardi ¥ ﬁﬁﬁﬁif d
Balitoridae
&: Crossostoma lacustre
Pseudogasfromyzon fasciafus
97
100 Cobifis sinensis 1
41 C.s52
_ 99 | C. striata
100 C. choii et )
94 Misgurnus anguillicaudafus Cobitinae
100 _|
75 M. nikolsiyi
£|:Acanmpsis choirorhynchos
Pangio anguillaris
Chromobotia macracantha 1
C.m. 2
100
Sinibotia robusta YRR B
92 ..
S. superciliaris Botiinae
i:Lepmboﬁa mantschurica
L. taniops
Vaillantella maassi | Vaillantellidae
Danio rerio
Cyprinus carpio
—_—100

Bl 4 LT ND4+5 JED P91k 2 (R SRGER B £ 2 K ML A%
Fig. 4 ML tree of Cobitoidea based on the ND4+5 gene sequences
AL EUERR R B SZFEZE (Values on the nodes present the bootstrap value).

( Schisturafasciolata ) % “F- 3k °F- it ( Oreonectes
platycephalus) ZE7E—ilt. Ti7E MP B Al BI #1,
FELUF ik (Schistura fasciolata) 5 Barbatula toni
RAE—# . feffor R, {E6E (Cobitis) Al it
J& (Misgurnus) IPIFFESEE 7> R B 2R, HSZHE
AR (B 3~5)0 LWEASFIRA 721 45 ROR IR,
ML A4 71 BI B rf AR AR - R ) 2R SR B MP A%
TR BT AN R o YO R A 5 b A FE I A
J&: VifkJE (Botia) FNH6H)E (Leptobotia) (Chen,
1980; Nelson, 1994; Tangetal, 2008), XH)E
76 3 P B R, SR B I SRR

3 it it
3.1 ND4 FIND5 EFME S RERZLE LTS
B9z F

mtDNA AN [F] D B R P 91 ) 2E A AN —#

(Li & Shao, 2006). [FUt, I mtDNA L[4 [H
FER B BOR A, v LT AR 43 2RKF Bk
I X TR G RC RBAT M, —OEBGEHFEHs
J1/h s BACIARPFE DR 415 0 T2 40k R IR )
Yk, WBEBOERE IR, RERSF MR R TS .

NADH 15 4 £ b AR B 1 (1) —FhTh e 85 11,
BRIER P 51— AR DB R RGERK B KR
ARG R KE, EERRBIEOK T RS
(HRHR, BIMAEATE-—A H A RHEK S Rk
BN, ND4 Al NDS JERHEAZ kAN 15y
Thride

A, EEEEM TGN REKE XA, T4
KR AN T L B #8253 kb K751
BN R AN ARG S (Miya etal, 2006),
ND4+5 JE[H 42K 3387~3443 bp, 5 eyt b K&K (1
140 bp) ML, BELZHNREARKEFE L, Wi
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Oreonectes platveephalus
1.00 Lefua echigonia
Schistura fasciolata T R
1.00 . Ly
0.5 Barbatula toni Nemacheilinae
Schistura balteata
0.94 . , . .
5 1.00 Sinogastromyzon sichangensis
O&l_rf_epmnchm}'s Jimbriata
37 B Fe
1.00 Homaloptera leonardi T ﬁﬁﬁﬁl{ '
Balitoridae
$|j Crossostoma lacusire
Pseudogastromyzon fasciatus
1.00 5 . .
— Cobitis sinensis 1
C.s2
C. sfriafa
 choi A
. choii g
Cobitinae
Misgurnus anguillicaudatus
1.00 M. nikolskyi
- Acantopsis choirorhynchos
Pangio anguillaris
1.00 Chromobotia macracantha 1
C.m. 2
1.00 1.00
1.00 Sinibotia rebusta VR R
S. superciliaris Botiinae
1.00 Leptobofia mantschurica
L. faeniops
- .
Vaillantella maassi 1 Vaillantellidae
Cyprinus carpio
Danio rerio
0.1

Bl 5 JET ND4+5 JEDR 414t po ke Ao £ S ey DL g
Fig. 5 Bayesian tree of Cobitoidea based on the ND4+5 gene sequences
A EUE R R I 5% (Values on the nodes present the posterior probabilities) o

FRdH T TR T i, wRESAS 25 0 HEN
MAREKE KRR

it ND4 F1 ND5 FE[A 5, 3 W /N 55 DRl A
TRERERAZNP R CAIRIE. Zhang et al
(1999 4r#fr 12 MrEFIE H (251 ND4 FEPR) 7
AR S, HEW TSRS R, Mou et al
(2005) LA ND4L Al ND4 FER G kric 57 7 2 iE
R RA KRG K F. Zhang et al (2006) X ND5
FEORIEAT ve R 21 50 M, 1 e T R s A
43T . Makita et al (2000) ¥ ND5 W FH 52 X
i & (Luehdorfia) (AP I ST, 45 2o, 18 RIEE
RPN R ) ND5 JE R 2240k, R g A
ANF ] NDS 2 1 2 S AR /N

AHFFURE ND4 FINDS H D] K i 3 R 7] 1) tRNA

FERFAG K, XERMOEN RA R E KR
AT T, MBI RGERE KRR GERAAREER AL,
IZHER SIEAS S TN 45 R — B, W] ND4+5
FEHFAINH TR Z M RERE KR EE L]
T B TZ Bt H T B s i R %k G K
ROTNTIEA Fpilt— 9T . NDA+5 FE[K 5 T4 14,
T3 5 05 A I e nT IR AR A TR
XSS RAEA KU IREA, Toikd S AL AR,
ND4+5 FEPR ] DU — MR 1) &8 40 T AR
32 HBREEMEAZABXR

5B o} O T R RO 8 BRORL 1 2R I R G R
BRAME, —HAFAES 1. Sawada (1982) Al
Siebert (1987) J&T-A T AR B BERFAL 1K) 73 A7 45
TN, RN AR RGO ARFI 7D 6O R,
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b ATTIN A 45 S5 S0 R 5 1 B 6k Rk 1 i 0 A 3 T %
GRS RN T P65 65 B . Nalbant i
Bianco (1998) A& Sawada (1982) WY AT K]
HHETEAR, LRSI RERNP- 68 65 R 5 A AH AL A
JWE R B R ) . R, Nalbant 1 Bianco
(1998) 5SRO RHE A —MISLI RS £ o 5K
Ir T KV BRI AR DA A 4% S5O R Y- 68 6 Rt 3
PRI 22 5, SR 4% 8O R Ak T o — A
FF; Sawada (1982) [PEHRL A0 45 16 6H VBRI 6
WED HAMBER R, FETIXW A, TR Fv
fifk N7 BE 4Nk B T 2R K (Nablbant &
Bianco, 1998; Tang et al, 2006; Slechtova et al,
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