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Tab.1 Chromosome counts in the diploid of V. variegatus

P g H TR Jr i ¥ o3 He /%

number of number of percent of
chromosome metaphase metaphase

<40 3 3

42 4 4

43 3 3

44 2 2

45 10 10

46 77 7

88 1 1

41t total 100 100

ARSI P AT B0 158 SRE A B VB 00 L g £ v
WS ST, AT E S, & 22 50 W o
o AT, A 5 B A R R A
XHCEE (RL) (SEFr Z (AL) RV EE (AR) (3
2).
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Tab.2 Metaphase chromosome relative length and actual length in V. variegatus X +£SD
ETR= A LR/ um B ) i AHXFHC L RE/wm E L S
chror'nosome relative actual arr'n type chror'nosome relative actual : type
pair no. length length ratio pair no. length length ratio
1 5.98 £0.51 1.79 £0.49 o t 13 4.21 £0.10 1.26 £0.32 o t
2 5.50 £0.21 1.65 +0.48 o t 14 4.16 £0.09 1.24 +£0.32 o t
3 5.36 £0.15 1.60 0. 44 3 t 15 4.08 £0.09 1.22 £0.32 o t
4 5.14+£0.13 1.54 £0.42 o t 16 3.99 £0.04 1.19 £0.32 oo t
5 4.97 +0.17 1.49 £0.39 3 t 17 3.91 £0.11 1.17 £0.32 ] t
6 4.87+0.16 1.45£0.36 0 t 18 3.81 +0.14 1.14 £0.30 o t
7 4.77+0.13 1.42 £0.35 0 t 19 3.65+0.20 1.09 £0.30 £ t
8 4.68 +0.13 1.39 £0.34 0 t 20 3.52+0.22 1.06 £0.31 £ t
9 4.60 +0.11 1.37+0.34 0 t 21 3.41 +£0.20 1.02 £0.28 £ t
10 4.46 £0.10 1.33 £0.33 0 t 22 3.28 £0.22 0.98 +0.26 3 t
11 4.41 £0.09 1.32+0.33 ®© t 23 2.95+0.31 0.89 +£0.28 o t
12 4.31 £0.09 1.29 £0.32 ®© t
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Fig.2 The C-banding metaphase chromosomes(a)and karyotype(b) of V. variegatus

7 B S B 46 ZR L @RI A RN —1 C aff
TRYe, FErPER 22 X (AR A0 B PR TR B, 5 19
X R BAT i C A7, R I O3 2280 C A,
REBEE C i [RIRGL AR CAHF iR/ L E
Lo G A, ARGk C i —%E

x3

(b)

B EERR M C-HHRME (a) RZE (D)

25 (1K 2-a.b) .

A R R A 15 B AR AR A
YR CAFHIX R (R 3) A (2),
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Tab.3 Relative length of C-banding in V. variegatus

A Pefa i C-ifafy CAlF X BE/ % A2 Pefa fh C-ifafy CFMIXHC L/ %
chromosome K J&¥/um F&/ um (C-H v/ Ye kK ) || chromosome K/ pm F&/ um (C-H7H T/ Ye AR K B )
pair actual width of relative length of pair actual width of relative length of

no. length C-banding C-banding no. length C-banding C-banding
1 1.79 0.33 18.75 13 1.24 0.42 33.33
2 1.65 0.35 21.43 14 1.26 0.21 16.67
3 1.60 0.40 25.00 15 1.22 0.34 28.00
4 1.54 0.27 17.86 16 1.19 0.22 18.18
5 1.49 0.28 18.52 17 1.17 0.33 28.00
6 1.45 0.34 23.08 18 1.14 0.41 36.36
7 1.42 0.24 16.67 19 1.09 0.33 30.00
8 1.39 0.46 33.33 20 1.06 0.38 36.36
9 1.37 0.31 22.22 21 1.02 0.27 26.32
10 1.33 0.82 61.54 22 0.98 0.98 100. 00
11 1.32 0.44 33.33 23 0.89 0.30 33.33
12 1.29 0.43 33.33
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Fig.3 The schema chart of C-banding of V. variegatus

2.3 HBK Ag-NORs mE 1

Ag-NORs 4 &, 4 4 3% 4 B Ag-NORs
A H 7 (5 B AR Sk 5 A B rp e B R O ) 1Y
ZAEME, HBEBENNT ~2 4, WM HEK Ag-
NORs ) B 19 45 2 AH 22 4R K, B 2 4> Ag-
NORs [ 571 % /& , 35 90% ; H Bl 1 4~ Ag-NORs
AR N 10% (£ 4) o 5 B0 &, 721
WAz AR e R B 2 AR TR A% 1Y
HRRAR T, 235 75% B 1 A% A 0 ] B A%
MR 25% (1 4) o R B3 AL Ag-
NORs % H l 2 1~

Ag-NORs 12 & f£ e &4k Eagfe & TP
Yu e (A8 H 529 Ag-NORs I 71 8 B 11 v 1 43 24
FHIEAT AT, B B AL S 7% 1 %F NORs, i F 2
Y AR A R O, A B Ag-NORs (] 5)
R NORs B IEGE o R U (o 1y [52) B A2 it 2
AR 2R AR T L& 5-a b, 8 1 I F 3,
JH Excel Z: il ALK (& 6) .

1
o
‘\\5"\0
- N
‘ F » ’
’ &% ./’,:
~ e g'
o “
‘ \\ 5 um

E4 EBEKHNEEHZ

Fig.4 The nucleus of V. variegatus
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Tab.4 The appearance frequency of Ag-NORs
in V. variegatus

Ag-NORs WS 53 ZAAHEL Wi/ %

2 ¥H no. of appearance
types no. of metaphase frequency of
Ag-NORs observed Ag-NORs
A 1 3 10
B 2 27 90

a0 an 0 40 nh an oo
?
T~ A0 A6 AL QA 0O 60 AN QA

'\ 0’) ﬂn 00 a0 (\D ~nNn O AN

S um

1

(b)

ES5 EEHRLEE Ag-NORs 7R iH (a) R#%E (D)

ik 7R —XF Ag-NORs,

Fig. 5 The Ag-NORs metaphase chromosomes(a)and karyotype(b) of V. variegatus

The arrows show the Ag-NORs.
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Fig.7 The G-banding metaphase chromosomes(a)and karyotype(b) of V. variegatus
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Fig.8 The schema chart of G-banding of V. variegatus
MIE 8 TR i, [ B2 R IE A 38 JR iKY 4F, e RIS AE
i, 21 ZRE e, oA 5 % (55 7,13 ,15.,19 .23 VLo
B) R G (1 B s 0
3.1 Fafni

AR G TRYy, HAR Y 0 1 R AU R Y
G-1if o 5 G alr BUAH L, 1R B 2 7 C o 28 o A 4Pk AW A 58 AE 2 e e € (A A R RO B o ik
http : // www. sexuebao. cn



11 8

EHYE, 45 - B B SR (A 5 22 R A A TE SRR AE 0 1613

R e R R AR T S S
ST, 15 Y A B A R 20 = 46, 50
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S(0.89 £0.28) ~ (1.79 £0.49) Mm,}%?i%
Rrpi /N gk, 45 A5 a2 ek B 2 H)
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0 2 YL o I A% T 25 1y S AR O L B R
7, [al—RHE TR A% R —E 20, LR R
FR . HRT, 6 TEE 3 028 g R A% B 4 38
W HA D G T 12 Rl H 0 2 14 et fA A 7
(F5),Hrp 7 M8k 2n =48t, VITTRRI

L TSI AR Syl i VAT
H2n =48t, KREZRMBIE B o208 T IR
I A S D)3 3 B {11 th ) A G o A 25 4 E HE
YR (o7 25 05 3 P DR AR 2 RS SR A R SR
T T2 S L T 4% R S B T R TR SRR A
2% OKUMURA %50 F IR IgF45 1) Xof 4% B 1 itk
e RIS RO, ARV A N 2n =46 =
2sm +44t, 55 [ 5E A YL A% B AH R (EAZRUAR
[7] , JHL D5 PR AT B R o ) 2 S5 i AR (8 P A TR
)RR A 78 S0 [ JRE 5 D 4% R L il 2 (5, 4k
TR 14 22 5 T A0 g O ] 56 2 MR 22— o
AR 5 I TE— B BN T, B R
Z t Pt RIS G AR m ol sm GY
ERRIIF R RIS, RIS (R R 2 B Rk
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Tab.5 Chromosome characteristics of 12 species in Pleuronectiformes

B SRR PT84 i PRGNS A ROEER %0k
family Chinese name scientific name 2n karyotype NF references
£ -t Pleuronichthys cornutus 48 12m +2sm + 34t 62 [14]
i ) i B Pseudopleurnectes yokohamae 48 48t 48 [14]
SV M 3y e Microstomus achne 48 48t 48 [14]
R oAy fitk Kareius bicoloratus 48 48t 48 [14]
Pleuronectidae 5B Verasper moseri 46 2sm +44t 48 [5]
[5] BF  f Verasper variegatus 46 46t 46 [15-16]
44 44t 44 (6]
J=EVUN Platichthys stellatus 48 48t 48 [17]
TR T Paralichthys olivaceus 48 48t 48 [14]
Paralichthyidae 15 iz Bt Pseudorhombus cinnamomeus 48 48t 48 [14]
fnzsl VLB o Paralichthys lethostigma 48 48t 48 [18]
Bothidae KT Scophthalmus maximus 44 4m +2sm +10st + 28t 48 [19]
3.2 FafwEE JEH £ ikl 54.91% (53 3k ) o SHI %™ 44

C X} g 2 o A v S e oAb DX 3R, B0 X35
EA IR TORE G VR 9 E 4 [ DNA B3], 7EA
g, IR B R B A C A7 S e 68 i R 24850 BLAE
& 2R (23 XY R 21 X TEE 2R ) , X
Hijrtfkrh CHF R v fiiimw FE M TEE £
Risi Y MIRE G, G o A 2 I (5 BT L a5 S
Yoo e YR F AT S B RN 30% , ks
#3(30.03% ) M), ASCMEH B AT T 4 BEA
gk C By IIFST , &5 R A R e

N, Ge AL AN Xk Bk Sy (52 MV [ 48 7 v 5 S50 5 e
T HE I B A 07 R O, A S e 0 i
HEN o e Qe R X e R YR AL AR AL
PRI I C-fi s B 7 4% JRE R S5 0 6] I A S ) 30 A
FKFR, FR PR AT HE I B2 R O AL, -5 H
B HE— 2

R A R 2 O i IR O S K Y
DNA #E4H A, 2 18S.5. 8S J 28S rRNA & {11
o i 7/ I LR VA RS ER N R & N
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Al RBE gt Y RS I EHIE U . SFERE oK
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R NOE<R22 S

KT Gt s IIBER D, EEH
HEMEE, WA RE . B BOR B W8 T 0
FLE R G ARG, WAl AR A e
SR T A IR HE S, dnfa 20 A
KU IR T X = FE ] BrdU Ak B f
FeyL o i o BE G-y i), fE IR — SE IR 45 14 F , BT
FRANFC B G o R B A [l B0 H 171 8, Bl Sy
R BRG0S0 B g, {345 A R AE,
Vi TG A F D 3l 8728 A T 3R] — 4 S 81
ARl G- RHAE 5 75 Y € 1A 28 e i, 5 S0 PR Rl |
AR E WD TS G AR T OIS B S 1Y
Warss R k™ . AW R, H 4 G g
OARFRA R N AE 10 d 2245, i R, 25 5 1
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(1] BRPOWS, MR, EB8, 5. 8] B A2 R 000 3 A
A 5E [T ). v T P R 2 2 4l A SR B 2 i,
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Analysis of the karyotype and banding patterns of Verasper variegatus

WANG Yan-yan', LIU Xue-zhou'*, LIU Xin-fu', XU Yong-jiang', SUN Zhong-zhi', LAN Gong-gang’
(1. Key Laboratory for Sustainable Utilization of Marine Fisheries Resource ,Ministry of Agriculture,
Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071 ,China;
2. Zhonghai Fishery Limited Corporation of Qingdao,Qingdao 266414 ,China)

Abstract: The karyotype of Verasper variegatus was studied through the chromosome preparations obtained
from head kidney by the method of injecting PHA and colchicines. Metaphase chromosomes were analyzed
by means of C-banding, Ag-NORs and G-banding. Experiment results showed that the diploid chromosome
number of V. variegatus was 46 (2n =46t,NF =46) . There was no visible evidence of sex chromosome and
satellite chromosome. C-bands of V. variegatus were located mainly in the centromere regions of
chromosomes except the No. 19 and 22 chromosomes,and the 19th pair of chromosomes showed positive C-
bands in the terminal region while the whole 22th pair of chromosomes bore positive C-band thoroughly. The
C-banding heretochromatin accounts for 30% of the total chromosome surface in V. variegatus. Silver
staining study showed that V. variegatus bore a pair of Ag-NORs which was located at the end of long arm
of the 2nd chromosome. A total of 59 positive G-bands (38 dark,21 light) were recorded in 23 pairs of
chromosomes. These results would provide basic data for the genomic research and biodiversity conservation
of V. variegatus.
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