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Tab.1 Relative length of C-banding in S. aureovittata
S - A
21 ERUREHCHEHEDN REHTS RO MK O KR K%
s R e e chromosome & J%/um length of relative length of
WL G 11 ¥ A5 i 30 AN [A] o o 0 93 2440 PairNo. _ actual length C-banding (um) C-banding
TEHG AR CHF I T . 43 B0 47 1 Col b 0 o 3 ! 3.52 0.91 25.79
M(E), 2 R Wi F=rHE 6 2 3.47 1.23 35.48
VECH AU (1812), o B 2% i B4 A 2 B 2R G 62 3 3.44 0.75 21.70
KSR BEMCAHF K BT T A5, B 4 3.43 1.585 46.02
A#L, #BTFHAA: 5 3.17 1.505 47.34
ﬁ%@ﬁ/ﬁ\ﬁ(%):(:*%%ﬁﬁ\ﬁg/%éﬁg 6 3.14 0.66 20.99
R BEX100 7 3.07 1.016 30.00
8 3.04 0.856 28.07
9 2.99 0.79 26.59
10 2.99 0.85 2831
11 292 0.60 20.70
12 2.62 0.76 29.05
13 2.63 0.66 25.02
10 pm 14 2.62 0.62 23.66
e
15 2.54 0.61 24.18
A Bf L RmCH 17 2.51 0.67 26.58
Fig.1 The C-banding metaphase of S. aureovittata
18 243 1.60 65.69
The red arrow indicates C-banding
19 243 0.85 35.12
”®x Q 114 L n © 20 2.10 0.56 26.67
21 212 0.65 30.78
nu " ft nou 22 1.80 0.46 2581
n N — 23 1.68 0.57 33.68
[]] ] 1
24 1.53 0.52 33.76
n »n n ] " " A1t total 64.76 20.42 31.53
10 um
—
2 BEEUIRECH LT g 0 "
=] 3.5 . 1 Ciy
Fig. 2 The C-banding karyotype of S. aureovittata @ - 3.0 C-banding
N 2.5
VA AR (0 A B 31.53 %, ‘{55 fg
X = 1
A, RIS R B R S
CENSICONE ST ELINE S 2 T Te 2 e T S A 1 ARRAARARAAN R AN
HEAG 485K, WA KNS —1EF 2k 1 3 5 7 9 11131517 19 21 23
Ciy, Hir, %52, 4, 5, 16, 18F119% ek H Yt it
[ N - NN chromosomes pair No.
AR CHY , G ] AR 5 Oy PR TR Y
R, PN N 840y i) oy 2 i . & B3 BEURELeHC-HFTREXE

b2 G B B R CR R N B NS A O O Fig.3 The schema chart of C-banding of S. aureovittata
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ECE RN E . Gt KB, 3041 Ag-NORsH?
W5y 240, Ao I ZAH Y — SR YL o Rk 2
PAINORsPHME, 1520%; 34~ 1143 2441 ENORs,
mi10%; 2140 ] 7 440 1Y — X % 0 fk 52 81
NORsPHYE, 570%, 0 T 55 5xF e o fk (&4,
EIS). PR, i o A% 0 o AR Y i AL R
—%FNORs, H. A7 T 55 5% 4 o A iy A, AR 3 H:
Ag-NORSsHYHF s 22 il 152 X & (151 6)

() Hef X AR 0 % £ A 43 S8R 2 17 R G 4k
PG, FEASTR (]340 i h Ag-NORs Ay £ H 2 31
WANFE 28, HEHN1~20 (K 7-a,b), 4
FHEEREI, 2 Ag-NORsHI 40 i1 502 i 60%,
H L1 Ag-NORsH A1 I 48 24 15 40%(322)

23 BEEYREARGHFHES

PR RS . i IE R 930D G I 23
SURGETH oA, SRR M AR E 14 70 2T (1518)
PEAT WA IR, SRR ERIIES . WR L K
ANEE L T R ARG AR IR E] /)
HEFI(23), o AR 8 AR G B B P (419)
i 5 o 5 L AR T R 20 e 4 € PR G 1
HLOMMALE, AU ETRIE . WA R
fit, M efTasE(E10). 452REN, 2
ARG LRER A A R i Gl AL, TR SR
R B RRG G BUR GG, R SR 200 e 4 {4

@

B4 FEEURLEARA-NORSHIRE FHA 5> 248
21 517 3k #6575 Ag-NORs

Fig. 4 The Ag-NORs metaphase of S. aureovittata
The red arrow indicates the Ag-NORs

HUnwwen

NDHUN e L
(i nun
Mo »

10 um
 —
B 5 EFZUELEARAG-NORsHITRLIZE
Fig. 5 The Ag-NORs karyotype of S. aureovittata

KRB EIGH RYE . [A IR 4 AR Gl il SO/
LB AW &, AR R I G G ARG SO/
UL B AR o GEit G Ak B, B

Bl 6 YR KRRRE I
L0 B SR AR o (@B AT RO S D3, (b) B 2 1 6 R e 1 0

Fig. 6 Interphase nucleus of S. aureovittata

The red arrows indicate the nucleolus. (a) one nucleolus, (b) two nucleoli
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chromosomes Pair No.

B 7 FEEULEIFAg-NORSIER
Fig. 7 The schema chart of Ag-NORs of S. aureovittata

F2 HAEXUMRREHZPEMEEN
Ag-NORsH I 57 %
Tab.2 The frequencies of Ag-NORs appearance

in S. aureovittata

®3 AEXNSREENPGHENH

Tab.3 Distribution of G-bands in chromosomic

pairs of S. aureovittata

WEE BN B %
no. of metaphase frequency of
observed Ag-NORs appeared

KA Ag-NORs#{ H
types no. of Ag-NORs

a 1 12 40%

b 2 18 60%

I a, b5 El6H fa, b

Notes: a, b correspond to the a, b in Figure6

/7 P H 4 7
« 2 © positive band

.- ]

14
Ay @
iflh o PR
’ *" negative band
.N

10 pm

B8 HEEUREEKG-HFHANHMA
2L Y Sk 4 7 Gt BH A A0 9 Ak Ay
Fig. 8 The G-banding metaphase of S. aureovittata

The red arrows in the picture indicate the positive band and negative
band

Zti24axt Y AR G AT b 1184 44,
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BAYPORMEREAE . KN, BHEBEHFTA
[, TR RO TR 1I~54c 2 0], J L 43 5
4.17%. 25.00%. 50.00%. 16.67%. 4.17%; 1Yt
W AR 1~k 2 08, o 51 29.17%
45.83%. 20.83%. 4.17%; 5 &Y IR GHF 4%
R AR A, (HR TR RN L
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Yett ik S G /)2%% Bir
chromosome deeply faintly total
pair No. stained bands stained bands
1 5 4 9
2 4 3 7
3 4 3 7
4 4 3 7
5 3 2 5
6 3 2 5
7 4 3 7
8 3 2 5
9 3 3 6
10 3 2 5
11 2 1 3
12 3 2 5
13 3 2 5
14 3 2 5
15 3 2 5
16 2 1 3
17 3 2 5
18 2 1 3
19 3 2 5
20 1 1 2
21 3 2 5
22 2 1 3
23 2 1 4
24 2 1 3
At total 70 48 118
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o o e B e M 1 4 6 K G I 5 A
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Fig.9 The G-banding karyotype of S. aureovittata

1 2 3 4 5 6
7 8 9 10 11 12

10 BEUREKRG-HIEXE
w: PAMET o:FA
Fig. 10 The schema chart of
G-banding of S. aureovittata

m: positive bands 0O: negative bands

M, g (o A ] R AR AN R Bk B o IV [ 48] o2 ]
S G SN RS S A (R A W S
T e 18] S e 5 5 96 2 A e (8 (AR 52 4
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OIRERA B LLRLCHT , AT R B (R B 7 s 1]
A CoHr B PR FBE 2% Colf A, T8 T B i 1 26
e Hoh e BB AR AT 6 F Yt 5 1A A7 7 i 8 C
A, X TR B AR WG R T BE R A T I 5
i, T EUE BT 4 3 PR RIRE R e 1) B0
HARWICHT S Qe GUAR B A R AR XD, AT RE
PR St e 8 Jo 3 B0 A AE 3 220K IX I AT 5
W ST, A B AR WL A S e (B S R

#931.53%, 5PN KB BEYS (Mixophyes fasci-
olatus)(30.2%)7" . [ BE 2 Wt (Erasper variegatus)
(30%)*, P15 EH B (Cynoglossus semilaevis)
(30.03%) 2L, WUEIH HE T8 R IR 50

3.2 FEE U R Ag-NORsT Y

et 1k Ag-NORsHI KL H | I8 25 F01 70 A1 175 B
= H T 10 25 2R 2 OC R NG B AR IE AL P AR 2
AR, BRI AR B 12
AX, Hp P2 HE X 2880 & s
R R AR AR Y A% B AT — X Ag-NORs,
EAE T 555X G e i &, a5 SR AT AR S HoR &
K ZR Y o R AL ) 1 BB R AR . FEAR IS
FAE T BRI R YL A AL Ag-NORsI$ & 5 2
B 5T 5 % At i A0F 5% 25 SR AR TR, 49 4 o
W f1 BE 10 (Epinephelus malabaricus)™ . 1 /KA
F i (Leuciscus merzbacheri)'" | R B 28 (Ver-
asper variegatus)?* . P15 7 5(Cynoglossus sem-
ilaevis)” '35 . AR P& Amemiya™ 55 £ A9 B A 16
NORs H v T~ G (8 {4 s 718 14 554 sh 10 s T e 4 26
BE, R T 8 A TN ORs Y 5 1E s T 5 4R 2%
#, SO RMYE . Ag-NORsE ML ILE R
UL H AR — I A BR , Ag-NORsF ZAFAE T
e ik BRI G IRERAL, Gy R ER g X IR ER
W A B TR ) 22 48 DUAR B T AE b, LA e S0
PR 2T AR HES Y TP Ag-NORSsHll & 7776 TH K
SR AR R L, P2 GE T IR 4R
ERAZH LU XN R, AT R Y 4
FW], AR — X Ag-NORs{ T 45 SXF 4 (A4
) B 38, X 5 sl 5 A IR v AR L £ R R LA Y
r e BB A R R i IR B B LR L R b 2
RA R, P HER, A5 g
1) 4R YL A% T 1 55 SO0 Y o PR i AT WS SRS i, T
FiE PR O 3 AR o R K B DU A R 25, R B
HAHEGI BARTSEfG o 4 )5 D AR &2 S0, LA
B DN B 2R %) Y 6 T 5 A 2 2 DX 5 R X

33 BEUBLABRAGHEER

e PR X T £ 288 e AR AT B A58 22 4 R AE Ci
I Ag-NORsHIIE A HFAETT 1, X Gilf JE A AR AT
FEARAE LA RS B 1B ARGt ik
Gilf IR AR, AT T 20 B R 4 10 e (4R b 3
GlF > ZLAH R GAF R A, DL KA 50T M 1Y Gty A5
A, SER T 8 AR e G ARG O B . R/
PR TINEE RGBS e L (18 WA
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5 G 0 R Gy 1Y SR /N iy 80 Ao AN JS AR ] o
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oA R R Gl IR YL Gl o

KT Gl AR S R, FER Dy H
HVER 2, WEORRE, & X A B4 0 5 A
A RE 5 S8 5 AL I SR AR AR A G, TR
gl =R AN TP OIS IS O C Y N R U R N
B ] e e A Ak ek 55, ik G SL, £ A
MIEC B R BRI R BEA8RZm
AR, ERIBE R S GH I SEh, #E33~37 °C,
AL FE5~7 minf S5, RS B AR B 45
TEAMF 5 A % 88 25 W ) Gy S5 A B AR R T —
ERY TR, FH0.3%EDTARE il B85 11 i, 37 °C
Z T IHAE3 min, H10%Giemsad ik 44 {18 min,
WS T84 38 . Gl iy S BLIR] s 5 0 ot 1 2
G, g KA FE R aAgR P kIR
WA G, 1B SO i AR R R Y
fig U) J5 Y AR o sui b, FEARBRGE Y, X%
RIFE LB TE66 CCHEAR & 1k2 h, FEATIH LTl
AbFR, AR T BUE W G o R AE . Rl Ak
KRB, H8C8CE W, Y ik g5
I, PR SR G R H b, IR ALK
R G £ R R 4 v I A BRI E R AR DY, AR
W Z AR AR, WEL1002 4Gy o 2
A o e AP A, DA A b M L
WECHE s Sy b — S e R R 22 1, WA BUY
B fw /> B 80 o

Yoo (R WAL S, B 0RO A
DNAGF T g i 2 % o 1l Tl h G/CHIA/TAH
BRI, XYk & MR E AR, ik
KB AT IE 5y 2, M GiemsaZt Kl 5 5 H 45
G, MPEE; AG/ICHEEM T2, W Giemsajs
BN G SHEEE, S8R EIRYEY, RIYEGH IR Y
X & A A-THREEXT, 1 GHF TR Y X & & G-Chif 3%
X o G A i PO AR 4 R R G £ A 1 Al SO
) ()RR AR, AR 55 2 2% il 40 R G 4 8L 58
78 BUH B g R BEAT L XT RO X, 3R A
TR SRR G R, R A I T R AR A
JH 38 A% R 1 L e AR IR S R 2 S
P B 43 17 B8 0 A
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Analysis of the banding patterns of Seriola aureovittata

LIU Yongshan ">, LIU Xuezhou "', SHIBao', XU Yongjiang', LI Rong’,
LU Yongjun®, SONG Xuesong >, WANG Bin', JIANG Yan'

(1. Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao National Laboratory for Marine Science and Technology, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China,
3. Dalian Fugu Fishery Co., Ltd., Dalian 116400, China)

Abstract: Chromosome banding pattern study is a useful tool in exploring evolutionary mechanisms of fish be-
cause it provides basic information on the banding number, size and morphology of chromosomes. Up to now,
there has been no report on chromosome banding patterns in fishes. In order to understand the morphological char-
acteristics of chromosome banding pattern and germplasm resources of Seriola aureovittata, we injected phyto-
hemagglutinin (PHA) and colchicine, collected all the head kidney cells of one-year-old fish artificially bred from
wild broodstock along the Dalian coast of China. The chromosomal division phase was prepared by low osmotic
treatment, Kano's liquid fixation, air drying and Giemsa staining. We used different methods to deal with these
three patterns. We investigated the banding features and morphological characteristics of multiple chromosomes
banding pattern (C-banding, G-banding and Ag-NORs). Results show that (1) All of the 48 chromosomes have C-
banding. The C-banding of S. aureovittata were located mainly in the centromere regions of chromosomes. The
2nd, 4th, 5th, 16th, 18th and 19th pairs of chromosomes show positive C-banding in the terminal region. However,
chromosomes do not show entire positive and middle C-banding. According to the length of the C- band, the
amount of heterochromatin calculated is 31.53%. (2)The Ag-NORs polymorphisms were specific in this fish. The
silver staining pots were 1-2 in interphase nucleus. The number of Ag-NORs was mostly 2. A pair of nucleolar or-
ganizer regions was found on the 5th pair of chromosomes in the terminal region. (3) The size and location of G-
banding are same in homologous chromosomes, but they are not same in the non-homologous chromosomes.
Every chromosome has different amounts of darkly stained and faintly stained bands. There is no entire chromo-
some showing darkly stained or faintly stained G-banding. The 24 pairs of chromosomes have different G-banding
features in the quantity, size, location and depth of staining; Statistics showed that there were 118 G bands in the
chromosome of S. aureovittata, including 70 positive bands and 48 negative bands. The study of banding pattern of
chromosomes can be used to understand the law of genetic variation, genetic composition, development mechan-
ism and genetic mechanism of sex. It also has important reference value for determining the number of the gen-
ome, the origin of the species, the relationship of each other, the status of evolution, and the classification of the or-
ganisms.
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