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FEWEKOEFTFITRESEYFARE SLKE PREOKER
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266071; 3. BIEHERFKES A4 B 2013065 4. KEBESKTEAHBRAR K
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WE DE IR IR 0 B 4 3 A #(Seriola aureovittata) 7 52 B AT RE, IR I AT AE 4 i
2 ML S R (PHA)F AR &, BUCKE 2000, 2R A THREF fr, Giemsa R 5, WEE K
Wy g @ A B AR AE . AR T T 21 B AHT 80 MR MR B AMA, ERET, HAHHA

H A8 AR fatR, 2n=48 & T WL E AT H L] 81.25%; & 1 ML EA KGR A, HA L
AN 2n=48=6sm+4st+38t, H LG KEWNHEN 54, BEARLEEREKEL N 51.97 um, & FHI L
AR A LR, B 3 AT g hofn 2 2t o et F R T AR AR by H TR & K
B4 fo R RRAE, BRI AN, EAS I E S LR B P L KB AHF R N TR
RN EPREFARRET R TR, AN ELHRARRRPEARRALRAEE E Ha,
KA HREN, Lol ZA; MAE

FESEKS TS201.4; S9174 XEAARIRES A XEHS  2095-9869(2017)01-0136-06

i 45Wi(Seriola aureovittata), M [E VI R ABFR
BUREAR | BURE T, MR ERTE) T AR M B
RANIEME A2, R s et Rl 9 Fl, 7241
ATERPHE L EPEEVE . RV KA . mdE. He
HORE SR R (RIS, 2005), W ESEA 3 R, 86 R A
#ii(Seriola quinqueradiata) . = {A#ii(Seriola dumerili) .
BORME, b, SEAWEE R . WNE . R, mMiEY
A or AT, v X ME— F SR A 1) K AL & £ 25
(e PR [ 45, 1995)  BUARBIRTEAN I 73 2R e & 3 Mk
RUAAARL . b B A3 A AN W] B FRRE - R A e b R
Seriola dorsalis (California yellowtail) ; . P il #f
Seriola aureovittata (Asian yellowtail) 1R I 5 3 Fh
Seriola lalandi (Southern yellowtail) (Chai et al,

2009) . AR HAT T 7 0 Rl % BE AR S
A, BAARKEERI, RTEE . S50 5w
LA, 2RI E 5%, tHEEHE NI 3K
AW N, TR . BET, WORFNE L HTE
H A 45 [ 58 & JF IR 3 47 28 45 000 35 7 10 R #F 5%
(Nakada, 2008),

P fOE Y RT . HEE BH A S ) B
filt, WFFRYEARAT R B H L B ARVRIA BAEX T T
i E M A AR . L AR S . R A LS. A
RIEFCELG KR . LA | 728 SR e R G L
HEENZSZMH(Amores et al, 2014; F &¢I 4%,
2015; Braasch et al, 2016), 4o AR 7 & 1% ] Sy £ 25
Pl TS e PR S AR, R 25 RIA S MR T .
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MERZ KB« B IE] 2% 58 R S 28 0F 58 10 o B T B
(Martinez et al, 2014; Molina-Luzoén et al, 2015; Khan
et al, 2000), HAY, EHNXTEHRUIEY % IR TT
T AR I AR D, A WL 22 KA (200 1) T Jiad B8 2%
Wi N A FRAE SIS, R T B R AL A AT T 5
RULARGE . AWE5E ] e [ B I b T e 2R i
P ERZIIHEAT T i sE, B 7ER ST A0 (L )
FTRE A, R A E | R B O . TR
FHERBERL =K

1 HHEH%
1.1 SEIedfal

SCEG Rk 2015 47 8 H A v AU A0 5 B
VT EE A AR AR N 8—10 eom (17 4F B 46 b, &8
ANTHIHLIE, FH 10 mx10 mx8 m [ M4H7ERE 35
B 6 AN H A, BAZHNT) bFRA 4 a4 ; FR5
B 4% M 2 A AR, FRAEKIEN 16-28°C . #HhEH
26-33. pH  8.0-8.3; H#MH 2-3 &k, #&iHE
RER 3%—6%. THTERIE T AR IR A BRA A
PEAT , Su A o AR0i4h f0 21 2, PR ER O 300450 g,
&K H 30-35 cm, &E K 7-8 cm.

12 FRBEIRANHE

ST UG £ JFR R 5 ) #5835 358 v S AR i BR g AE &
(PHA) (Sigma)i& i (0.7% 194 BEEL K BC ), &8
20 pg/g(ARIRE) o 3 5 e 4 50 9 £ ik [m] SR AE b
RN A 5 oAb, Wik E, 4-6 h J57EH
— B AL S ROKANZR W (0.7 %2k BRER K BE ), 7] 5
H 2.5 pg/g(AARIZ ),

FESBOKANZR 1 h 5 FH G i S 56 £ i
EfIERTARG, PR, AR, ' TRA D
VPR KB IGFR L, R 8y I B 87 e s, Y
A f 402 W 38, 1000 r/min 2.0 8 min, Y4

e ¢
* zctqﬁn s
LB : .‘-“
é’iﬂ,‘ -

M, FHAEREER KRS, H10.075 mol/L KClIEH LS
AbFH 30 min, 1000 t/min &5.0> 8 min, FELB .
GBI i T 0 VA B4 A I S TR (R B VKIS TR =
3 DI 30 min, FHELME 2K, BOHREEE
W, A 400 pl B R TRA 1Y [ 5 o

15 Kb TV 0 AR B R — B R B A AR A
Z65°C, M F I el KB4 TROAE T L, T
HEEA 120-130 em, BERE=RRT AR TERE, H
10% 5 5% L ¥k (pH=6.8) 4% {4, 20 min, ZEIH/K k5
EEWR T AR T

1.3 ZBSH

B Y 4451 B T Nikon ECLIPSE 80i i f#%5 F
ME, AR ORE R H2RE . LHEEMR
H AR AT, ZEIRBE T L 20 Y ER TR
U KBS o AT B AR . 4% Levan 4§
(1964) 82 H B i 24 FNAr 2 br e, F58 HOKs e (iR 4r
44 (1) PEHELSGEER mdl, BHA 1.00-
1.705 (2) WHHE Mkl sm 4, BN
1.71-3.00; (3) ol 22 etk st dl, BHh
3.01-7.00; (4) Tidfd 22 et fhy t 4, B =7.0,

2 HZREDW
21 REEHE

TE AR TR 80 /N4 K47 1 43 S AH E 4 T 0
FATE, W 2n (5. AT AL, B AR
AR AR 48, BHE 2n=48, YL{a A4l 54,
WA EBS Yk, (BB 1 XY iR B AR
KGRI o F AR € 1A 1) v 0 SR A 28 R3S L [
1o WAEE . Goilye iR iR, o000 e ik
ZHCH 48 W EMA 65 4, ditbh 81.25%, MLt
Wi, MARWIRY YL AR H 2n=48, HAL IR H Y2
ORI ZE R L 1,

PP BRLL .Y BELLI 3
1 2 3 4 s
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Fig.1 Metaphase morphology and the karyotype map of S. aureovittata
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Tab.1 The frequency distribution of S. aureovittata +y
oy distibut WILE 2. A 2T BRI 24 X,
T A A 3 R AR, B H T 2.0740.63(sm)
TiH Items Number of chromosome 2.19+0.20(sm) . 1.82+0.87(sm); A 2 X W v il Y (A4,
45 46 47 48 =49 L3R 3.821.24(st) il 4.83+1.53(st); Higy 19 %t
ehatliatn 6 3 65 2 BEH oo, SR LYK, 24 Y AR
Number of metaphase e . ‘ .
B A H% 1 BE 2RV 38 D, 25 R RH A0 e LA 2 T AR O B 22 R
(%) 5 7.5 375 8125 25 H A, P F R B 0
Percentage of metaphase i, G R B AT K B R K o (5.16+£0.56)%, J& T
W H BB E 22 s Y AR Gl R Y AR X K B B
22 REHEENKE (2.50£0.23)%, J& T3 225 Qe bk, B AR5

AT SRS, AR K, BURHI A N 2n-48-6smdst38t

®2 EFUIREEMNAXNKERELECHIELREE)

Tab.2 The relative length and arm ratio of chromosome of S. aureovittata (Mean+SD)

i KEK JILE RIS S B AHXT PERed Tk B
No. Long arm(um) Short arm(um) Total length(um) Arm ratio Relative length(%) Centromeric index(%) Classification
1 1.81£0.09 0.87+0.03 2.68+0.09 2.07+0.63 5.16+£0.56 32.46+5.40 sm
2 2.10£0.06 0.55+0.04 2.65+0.02 3.82+1.24 5.00+0.37 20.75+£5.50 st
3 1.87+0.07 0.39+0.06 2.26+0.05 4.83+1.53 4.35+0.29 17.26+7.70 st
4 1.48+0.03 0.68+0.03 2.16+0.04 2.19£0.20 4.17+0.24 31.48+3.60 sm
5 1.29+£0.02 0.71£0.05 2.00+0.04 1.82+0.87 3.86+0.22 35.50+6.00 sm
6 2.48+0.07 - 2.48+0.09 o 4.69+0.56 - t
7 2.45+0.06 - 2.45+0.07 e 4.69+0.46 - t
8 2.41+£0.04 - 2.42+0.04 0 4.63+0.21 - t
9 2.39+0.05 - 2.39+0.05 o 4.57+0.32 - t
10 2.29+0.06 - 2.29+0.06 o 4.50+0.37 - t
11 2.26+0.07 - 2.26+0.07 o 4.50+0.41 - t
12 2.26+0.03 - 2.26+0.04 o 4.38+0.24 - t
13 2.23+0.02 - 2.23+0.02 o 4.19+0.13 - t
14 2.16+0.07 - 2.16+0.07 o 4.19+0.42 - t
15 2.16+0.07 - 2.16+0.07 0 4.07+0.43 - t
16 2.10+0.07 - 2.10+0.08 o 3.88+0.42 - t
17 2.06+0.05 - 2.06+0.05 0 3.88+0.28 - t
18 2.00+0.08 - 2.00+0.08 0 3.88+0.46 - t
19 1.97+0.03 - 1.97+0.03 0 3.88+0.17 - t
20 1.97+0.05 - 1.97+0.05 0 3.81+0.29 - t
21 1.97+0.05 - 1.97+0.06 0 3.75+0.31 - t
22 1.97+0.06 - 1.97+0.06 o 3.69+0.36 - t
23 1.84+0.05 - 1.84+0.05 0 3.44+0.27 - t
24 1.26+0.04 - 1.26+0.04 0 2.50+0.23 - t
3 i A PERR W, Sl S ERAE, R A,

16 6 b P BV AT A5 Kt 1 40 240 R R PHA
AWFFERIT PHA VE STV 4 8 AW (A AR 50K 22 10 70) i AR I () R 5 404, PHA. 3]
P, )5k BT R R T, RS2 S s K s RS B A5 S 43 SR, Bk AR
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R B 3k R BV FH B i) 5 A 2t e 68 (A A [R) AR B 1Y)
i, L, EEEAFLK A PHA MBOKAIER
1) FEE 5 1 Y o T 2 A 1) AR e 0 A R A 1 S B [A)
£, LUFIFE(2009)7F 25 3 2 B (Verasper moseri) 4L 7
PRAZ RIS th i 4 PHA &R 20 pg/g (FRIRE),
AT 2R 20 pe/g WFIHE, VEFHITE 4-6 h
JEEESBOKANZ,, BOKMIZREREE S 1-1.5 h, 4
B LB i A 4 24 .

ARHIF 5 T8 SR Y (R A RIS R, 5 1 XY
RS B 0 R TR G R RN B, i A 2 e o fA A% L Y
HEHE, AR AAE A T 5 A e R X oy (H
S, TE R MR RRIE B ARG (o (RA% AL  F 55 TP s i
T R 45 IR FBER 977 7E (Chai et al, 2009), 3% A % E A
(7] b, B 1) B M i T — AR o XD 0
2276 AT RE SR VR T 32 50 T B i e A 5 Ay o HE AR
ST 25 5, W B T o — 20 i A s L 2R T BOR
T LAIESE o ASF ST A 31 i b B v B R A% A Sy
2n=48=6sm+4st+38t, Hr, 6 25N iPilE 22 e {0
i, 4 50 W omil 22 R e tafds, 38 A5 ge Bk i
2R AR A S B SRR (AR 5124 IEE ISR
) 4 b 0 25 [ IR EE . B 805 i (Seriolina
nigrofasciata) . Ti %8, WL R B AR HH] e (0 AR50 5 A1
[F], B2 2n=48; #E—L0rHr A, w8, 280
TRV B T B AR A R AR AR AL P R A 2k g
TA | i 505 4 A e (o (R R i 0 4 2R e (A s PR
S0 S A i A 22k G fo R (Vitturi et al, 1986;
Sola et al, 1997; Tripathy et al, 1988; Ida et al, 1978;
Chai et al, 2009); Hrr, /=8, B OCSEHIH A5 HTY
AR AR KA h R 2R ek, T R IR T 2
SRR R INAT 2 A R g R, AR
JUHR U I 35 25 R & B R 2R e A, X RT I
kg A2 AN () 1l B R 19 R WY £ (R A AR AR B 1Y 5
— B ER

AR 1k, RIS IR 2 60% R B B 28 A
48 SRl ok g ik, A AEHAL (Sparidae) . A H
ffi B} (Sciaenidae) . #i F} (Blennidae) . 7K i #}
(Channichthyidae) . 74 #% i £} (Nototheniidae) . #gF}
(Serranidae) (Galetti et al, 2000), 7EEEH, il T
K2 85% A% RN 2n=48, [HiBH AR F] 30% 12
1A A2 R0 A ity 350 2 24 Rk (6 /R (Chai et al, 2009) . 7E 57}
By —28 g v, AN AT 5 £ 8 (Trachur us) e (6 AV 1Y %L
HARL K, N 50-66 %5, i R ISR} (0 S 1 1%
R 569 B HAMEH AR MR A EEE N L
FEPE o Gt A i) Z2 2 T RE A DR TR b s st A% 4y

fb(Galetti et al, 2000). 75 R IE BB R} b 4 8 £0 2 e
CREECE S 48-54, =REIK 50, FROUAREIA 48,
TL4Hik 50 (Vitturi et al, 1986; Sola et al, 1997;
Tripathy et al, 1988; Ida et al, 1978), AW H, HifF
AUV Vi o5 AW YL (LR B O 54, 7EWRE fa e e
RS ECE 48-54 Z 0], WL LAy HraT s, )E 2
e O R R E A7 R 25 W S B FpIR) 25 5, IR, mT LA
AT Y R A AL oy M SR A TR £ 2 1Y) 43 2 S E L RR
JR AR UE B PE 2 . 892 B A 08 8 0 i B 4 5
(Oplegnathus punctatus) B3 — 4 SF I PEGL (A i, AT g
SRR Y, Y R M B P A AT R
H XX XoXo/X XY BU(FERE A, 2016) 0 A FEAH HI Y
ANIE 18 1) B SRS £ G (o R A RS v A $R B S
PERN D E R R YL ik, A5 Rl 7E o 4R 2
RS AR M | e, E— R Y ARG R AL
FR AT A YL Ay 0 ) O ¥ AW A AE PR Y A

NI T I (1979) 76 BIF 55 e €6 A i Xt 20 fa 2k
TRy, 0T 3N EAAKE, 2RI,
PRI IF HL, m et e bk B b+ A7,
e o (R H B Sk, Hr R 2 22k e
R S A R R R N A S A AN o
1979; ZEM5 K&, 2007), [FRS, FE5r2R B o Him il s
LR Y AOARZ I TR N FEACTE ; p R E b R
o2 R E Ak Ry I D RGN g Ay
FEEEMTR, 1981), ABFFEH, BRI A0 (@ (&
B H 2n=48=6sm+4st+38t, Umnlh. W inlE 22 gef,
RBH N 42 46, . WrpiE 2ok e AR B H N
6 5%, FFE UL MZEER e brfE s B0 AR 2 AR Y
e ta RAEXT R B AR AR K, AR FR I BB (2.50+0.23)%
—(5.16+0.56)% , B FRMRYL (o4 () v 1 43 224 A 0 A% 25 %]
WERR, NERE 2Rk 38 S, Je@iRE R E N
54, L, #EEACHRVE I AR00E T A T o Rk
fIZERE, Ohara %(2005) K G T2 bRic B 7 ik 4
T HAR 2 v IR G £ 25 AR AR 1% i
T (EP RN CE P S I=I S BTi fab: X VAR = SR A G 7N
[i) bt Lo P S £ PR A A L R

£ % X M
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Sudy on the Karyotype of Yellowtail Kingfish (Seriola aureovittata)

SHI Bao'?, LIU Yongshan'”, LIU Xuezhou'*? v XU Yongjiang'?,

LI Rong*, SONG Xuesong'”, ZHOU Liqing'?

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Qingdao Key Laboratory for Marine
Fish Breeding and Biotechnology, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao
266071, 2. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine
Science and Technology, Qingdao 266071; 3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai
201306; 4. Dalian Fugu Fishery Co., Ltd., Dalian 116400)

Abstract Karyological study is a useful tool in exploring evolutionary mechanisms of fish because it
provided basic information on the number, size and morphology of chromosomes. In this study we
characterized the karyotype and chromosomal characteristics of the yellowtail kingfish Seriola
aureovittata by examining metaphase spreads from head kidney cells of one-year-old fish artificially bred
from wild broodstock in the Dalian coast of China. Chromosome samples were prepared through in vivo
injection of phytohemagglutinin (PHA), olchicine-air drying technique, and Giemsa staining. A total of 80
mitotic metaphases from 21 individuals were analyzed, and 65 spreads showed 2n=48 chromosomes,
which represented 81.25% of the observed metaphases. The relative size of the chromosomes in this
subspecies varied from (2.50£0.23)% to (5.16+£0.56)%. The long arm, short arm, and total length of the
first submetacentric chromosomes were (1.81+0.09) pm, (0.87+0.03) pm, and (2.68+0.09) pm
respectively. Two pairs of subtelocentric chromosomes were found in this subspecies. The length of their
short arms was (0.55+0.04) pm and (0.39+0.06) pum, and that of the long arms was (2.10+0.06) um and
(1.87£0.07) um. The diploid consisted of 4 submetacentric, 6 subtelocentric, and 38 telocentric
chromosomes, and the fundamental number of chromosome arms was 54. The first pair of chromosomes
had secondary constriction and satellite. The karyotype formula for this species was determined to be
2n=48 = 6sm + 4st + 38t. The total haploid chromosome length was approximately 51.97 um. The fact
that S. aureovittata has 3 pairs of submetacentric and 2 pairs of subtelocentric chromosomes distinguishes
this species from other previously reported Seriola species. The comparison of karyotypes suggested that
S aureovittata might belong to an advanced and specific evolutionary group. Our study promoted the
understanding of the specific karyotype evolution of the genus Seriola, and provided information on the
polyploidy manipulation, hybridization, and sex control.

Key words Seriola aureovittata; Chromosome; Karyotype; Satellite
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