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oo, ¥ %, WwHE, K OB, EEF, KUR

(BEFER K2, AR ARG KR TR B S0 =, MR I 361021)

WE: #HaRREEEZNEAEFEX. KT, B THARRENITESZ, a6
AR UNHE R, HTREELE AL ERNGERA AT, KFRFAKLEMCLE R
(fluorescence in situ hybridization, FISH). M= 4e 6 fo g XL BB R 0 T # 4k A 3 64K
B EEAE o DL H DNA K 5 41 3 47 2 B 41 DNA S of JB {I 4 % (genomic fluorescence in situ
hybridization, GISH), WMk E#H & L6 KEE, TEEXLERENFEH T ALE
Fo REGISHK X5 5 oA, FUHIRFE 4 & 243t e €15, 18S rDNA FISHZ R
B, ISSIDNARKF -5, o TI54LEEKEN, A 5FBFELEEZANKRE
JE+ DAPIM P& fuDPI% & % % K B F L. SSIDNAH — B —BHAGE 5, 55 EM—
Mot Tl ehELnisn, E5HN— Mo T45 RN am. swkfE S EMA
REREHHT R T, ENAEER—SETME. AFRERFET EH AN AR A
WG, ARk EE A REERBREARESERE, WA —FHARE E AR B

AT HH
KB Fuk e, REMRI;
hESHEE:Q784; S917.4

o R AR B AR Y W AR B R IE 2
— PORERIERX TR REER
A ERNINACL 7 B AN 3PS B g R = SR i Ok O
R ARG, AEENRETHDY,
YRR, SUFRE MY B R L Y B
B A YRR, LA, X TFLuFafh, Rafk
K% T 05 A, 2 ) S R a5t AR B R Y o B
o 2022 70EATF 4, fa 2L AR B AN
WA R, B, PR 4238 £ K (fluorescence
in situ hybridization, FISH), 43 F ¢ [ A PCRAE 4
R K J& Y AR o A4 it 7o T Br . ey
EARBER IR EE R BEAR R0, PR AW
P S e AN 87 R SR N | BN 0 1 I S N PR
(LTI

Hfh(Nibea albiflora)BiEEfZ4(Osteich-
thyes). #7E H (Perciformes). 1 & 1%} (Sciaenidae) .
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genomic in situ hybridization, self-GISH)34 fili 4 {a {4
POARIC 09 7 s, R F FISHAE o7 v 4l #41 1)
18S IDNA . 58 rDNARISHRLIF 51 o AFFE 45 R A5
B0 A R SR AR TR R, R TR A £
Qe o R PR IR SR LS H K4, W R s e
R o R SR HEBORL

1 MEHSIE

1.1 HmAEaErdE

T 55 G o AR 1) B ol fr i M 45 S 2, A
TR 5K A BRA R . R AT AR
Ty 1% il 2% v Ao e e ik, (W) B IRCEE 4% [ T
K EET &

12 FeAFHREeE

e e PRl B T 5 20 50 F 5 IR Y. 47,6-
TR 2R LS| I (DAPT)FIDPT YL fy 3 BB i
o, ZEIEA G, FH10% 75 iS4 UL (3,25 min,
WK HPE. DAPIZL S . 1 pg/mLIYDAPI(E T
PBS, pH 7.0)4%{%10 min, DPIWAF: 5 #4H
A, FEHPIYLf, HAKE FRE 255k

13 TOLREBIAR

FHDNA$ B & (1 BLEE A= W) M\ 2 [
FE Y 8 25 PR BUELDNA . 18S rDNA #B43 4 5 J
5 HPCR ¥ #8415, 514 (F: 5-CGCGCAAA
TTACCCACTCCC-3'; R: 5'-CTGAACGCC
ACTTGTCCCT-3")my i3 FILA Ay 18S
rDNA {57 X 3, PCRY 1A £ (20 uL): 10xPCR
ZZ o2 pL, 2.5 mmol/LAYANTPs 1.6 pL, 5
U/uL) il EsayTaq polymerase 0.2 pL(¥) 1) A Jb 52
EREEVHEARARAF), 10 mmol/LiY LT if
5I4451 uL, 50 ng FEKY4IDNASL 1 uL, FHKK
IKANFE 220 pLo P8 4514 94 °C TAE P4 min;
94 °C A5 1E30s, 54°CiBk60s, 72°C HEAH60 s,
PEFR30K 5 72 °C A IEAH5 min, 4 °C {17, 58
rDNA 1194238 4 i 7 51 Fil [] B )32 51 FHPCR 47 314 3K
o IR L 5S rDNA g X AR SF )7 51 1%
3H(F: 5'-GTCAGGCCTGGTTAGTACTTGGAT-
3’; R: 5'-GGGCGCATTCAGGGTGGTAT-3"),
B KN R 500 bpZe 47 1A 7= 1) v % B pEAS Y -T12% {4
At X e MBARARAF), FobEE RUR
K, WP EEAE, Sk & R 51 ((TTAGGG), H 5|

YI(TTAGGG)sHI (TAACCC)s HEAT LA A 3™ 14 3¢
0

FISHXE iE #VE 12 17 ¥4 FujiwaraS: " TR 2K HH 58
LW Tk . 18S tDNA | 5S rDNAF ik i &
G AE PR R A B D P Bk bR i A W R -11-dUTP
(Roche) =l 1 25 ¥-11-dUTP (Roche)., K4 Fric)a
A Z 2 2 vh i, AR PE . il Ak . ARk
G, ARG R E W, AesCid iR . &k
WIa, W EBET 2B -Alexa fluor-488 (Introgen)
R, MR oE B AR M & e — i ST
(Roche)EAT AN . Y a4 FPIEk DAPIE 4t

14 HERFATHFEMAFI

B 12, 25 DA 260 DNA S 4 108 6 2 %
St s 25 DNASR B 11755 0 0 4628 40 56
TCHREE, B I RO #E200~500 bp. HLR TR
G2 Vel (5K . ) MR AT o5
SIS

1.5 EGRKRBESH

FHBUMR B 3 BX 53 2 0 0 A B WL AR 41 R
o A R ) T B A ER AR, I Y AR Y
KB AR IOD, 7545 3D RIRIER, %4
5 T (R RFAE 5 850 AT G AR B X, 2 Y o (AR
FHXT B [ 7 HE S A5 B A T 7]

2 4R

AW T T 43 B A it Y A 456 48 4% il & 24 KL
e ik Yu (o R GISH % & LA 8 ff fo 56 [H 40
DNAHHER, S5 R WoR, 76 Y @ R AUV ]
SIS S (BRI, 12), #F—Hr& 3, GISH
BH M A5 5 1 o A A 7 [ U e £ AR ) AR DL, T
73 [V G €0 A () ) 22 Sk, mT DAAE i Bl
Yo A A X A bR S (I RRT-3, 1-4). I IPP6.0%K
P, B RRI-3 -4 4% A b 5 B AR 5 2Ok
2 St Ay R 22 5, i A AR 1R
(BRRI-5, 1-6). [EIRRI-3F11-543 52 5L T GISHIE
53D B i 1 HE B (14 0 Bk £ A A 1A
P R T-4 F1T-6/43 1) J2 3 T GISH{E 5 I 3D%¢ Yo JiF
FIHED ) M v e et e A AL R, MR o, 24
WA Y] B GISHAF % 53D 5 B 431 S5 30
PUR LR NP I (N SR N B R R G N R RS
o A ATh A 25 5 o T X e £ A4 A G < B B
FEHEF , Ge vt SAS v AR b TR VR G € A A X
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JFE . A6 TH AR NPT e RS  BE (IOD) Y F-
PHME R D B B, g 0 R HH X
& AR T RURN AR X TOD Y 23 A i 45 .

BIRIL S T AN (7] 5 3k e £ SOA TR 3R 4 4%
A JE 0 B b e e R rp BT AR ] 3 AR R FTD API
et J5HmT WL, 15 G A0 (R B 0 1 IR 4i IR
(FRRII-1, 11-2), DPIY a7 R 45 IR i m i 5%
) BE A S (B AR TI-3) . FISHAE 5 L4 18S rDNAF
5S rDNA N A (K RRII-4, 11-5), 18S rDNAfV &

® 1 AGSREENETKE. EXERAETIOD

Tab.1 The relative length, the relative area and
the relative IOD of chromosomes of N. albiflora %
75 AR AR IR HH*10D
no. relative length relative area relative IOD
1 4.91+0.26 5.06+0.51 6.28+0.38
2 4.87+0.20 4.61+0.33 4.67+0.59
3 4.69+0.12 4.74+0.49 5.19+41.25
4 4.67+0.21 4.80+0.38 5.41+0.52
5 4.62+0.14 4.70+0.28 4.82+0.29
6 4.50+0.23 4.44+0.36 3.99+0.57
7 4.45+0.23 4.47+0.40 5.32+0.78
8 4.45+0.09 4.55+0.04 4.66+0.78
9 4.4140.03 4.56+0.37 3.97+0.79
10 4.3540.15 4.42+0.17 4.84+0.42
11 4.31+0.21 4.38+0.46 4.15+0.66
12 4.2540.29 4.27+0.31 3.85+0.59
13 4.12+0.10 3.95+0.18 3.52+1.14
14 4.01+0.19 4.01+£0.30 3.91+0.94
15 4.01+0.12 3.884+0.09 3.65+0.41
16 3.97+0.26 4.06+0.27 3.90+0.16
17 3.95+0.33 4.01+£0.71 3.80+0.16
18 3.94+0.16 3.97+0.15 4.07+0.65
19 3.80+0.07 3.66+0.30 3.69+1.05
20 3.77+0.03 3.794+0.11 3.93+0.57
21 3.76+0.08 3.64+0.24 3.30+1.08
22 3.50+0.12 3.64+0.16 3.33+0.84
23 3.48+0.18 3.41+0.34 3.19+0.52
24 3.19+0.41 2.99+0.70 2.57+1.40

e 10D G AR5 05 i BB
Notes: IOD is the cumulative sum of fluoresence intensity of the
chromosome
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REpuet, T IS E e R, [FUE G ek
PGS B 5SIDNARZLEALOL,
WA —R—5 2 XHE 5. mIEGS AT 153
RN ZR272 a5 SRS N IR LR NI o< S R R
SR EAH Y . HeA Y ERA X T, 55 AR
SO T AT Y ORI B R . BRAk, 25
HAMY A FMFISHA T4 R A3, 18S rDNA
L F 15 g kiR 4 IR AL, 5 DAPIB#: 47 F1DPI
FAe RS (E D, Sk FISHIE 5 31 T A e
e, 1 S 0 X 35 (T R LL-6), A S e e K st o %
A, R &P A R R

E1 #EE&a1SEafkR
a. 75 W EE YLt b.DAPIYL {4 ¢.DPI {4 d. 5S IDNAR 4} FISH; e. 5S
A118S rDNA R4 A FISH. Fx/N=5 um

Fig.1 The comparison 1 of chromosome of N. albiflora

a. Giemsa staining; b. DAPI staining; c. DPI staining; d. FISH with 5S
rDNA probe; e. dual-FISH with 5S (red) and 18 STDNA probes (green).

Bar represents 5 um
3 ik

31 ETGISHEARRRE KA

et 1A T DB 1) PRI O TR e e €8 44
WFIT R LY o 15 G0 B o A 3 BAK SR Qe (iR Y
T LG RO X B SR BER e A . 201 28 704R 48 &
Ji L ke 1 45 s B 43 BT 5 TR B I T Y o R BN
P B s AL b . FRADEGH . QiF MK
il o 45 22 H A B R T et g £ A S 0 B G A T Y
K, ET g PN, R, T Ak
FLR A 25 R RE R, 3l T FL 3h W 1) G RN
Qi F AR TE M ISP LI ) R HIAR > . H AT ik
PR 25 0 B2 = AT SR 2 B A £ 25 240 Jf 35t 4% 2%
TR AW, e ik, B4
PSR TR d R R UR L N ST O K Ry 7 v T4
N B R A RRAE AU K R TR L AR X
SR Y R HE R X 5 (R 1) o ASBIEZE A 7] b 2
K ZH DNAZ G AL 5, AT LA [a] 5 e 444K
NIRRT 5 X, A LAIPP6.OFR A 43
B, T LA B B 2 4 £ 2406 G (0 R IX O F
Bt E % (B R o
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GISHY & DA [A] — ¥ Fi B DNAH ¥R 5, BHiE
EROZTEG A E R B — R R S
SR, SEPRGISHELH 45 R W WA BIA Y — 1k
o EMG . Blan, HufEUY%F 4856 U (Argopecten
purpuratus) 5 B V(4. irradians) 238 J5 08
GISHZM T4 R K B, 52 1 DL e (8 {R A 36 2247 1X.
Sl 5L SR PR AR S, TV T DL T S R RS O3
li) 52 5 B PE AR 5 o s (0 1A 1) 285 4 R e 51 1) 5
PR AT RE R G R R IR 5 T A — iy
JE I o AR GISHAF 5 A 2 — i J5L Y B i v 1 A
B, BT 95 g 5 R R S 00 A B PG AR 5 T LUAE
B G AR B BRIC o AT BRAT 9 245 (]
PR Y% (R 1 GISHAZ BL IR, AT Ay Ay At o 4 £ )
0, A X 18] B iy, A o HOAt 8 2 Y e £ 1K

PRGN %
3.2 rDNARI D F4HE

rDNA J2& 73 21 Jifd 5t 4% 2% Hh i 92 B 22 19 240
BAEFRIC!Y, B A M rRNASE K76 40 o 2% P 41
B2 ST B R G, HR IR EE A BROT 43 S D 45S
rDNAFISS rtDNA, H i, 458 rDNA%ifS 188
rRNA . 5.8S rRNAFI28S rRNA, 5S rDNAZ##%5S
rRNA"Y, 2n=48t ) Hi%F45S rDNA{E 5 J& %
AU A, 2 AR R AR AR
A% T B AT 48 5% Uiy 45 22 B Yt {47 — X 18S
rDNA(45S tDNAMFE 3 F 55, i T 154
BN, AE ARk, HoEmRa 305,
Hor 1980 iy B 2L 28 R 2n=481(£170%) 3 & it
45S rDNA s i {41 ZUIX B (NOR) Y A5 7Fl, Horp
5P H A BAXT45S rDNABNOR!", T BE & i fi
(Ophioscion punctatissimus)F1 B 78 5 8% A 15 4
(Plagioscions squamosissimus)2 >4 B f7 1€ 3= 5
DNAFREL H AR S, BbAh, Fei 45 e (gl
KE, 4G 18S IDNAMAL S 5K 4598 . DAPI
BF M7 FIDPT S 5271 1A B AW & (BRI . 3 4
SEURBLT 18S rDNAMY P B RN &5 # 5  . 75 18}
B 0 BIR G IR 5 XU SR TG e e . e
e 45 T2 P A AR AT 610, DAPT JeaBitt, %M
X B GCRR L™, DPIYL B 5%, vl RE A
X I COr 75 T HA IX I A 5622230 8 i 4%
A [A) R UL T F A £ 24

B4k 40 4% 8 b 5S rDNA FISHAS 54 %,
— X} i — X 55 (AR IT-4) . 15 558 A95S tDNA L
45S rDNAZH i Tl — & g tafk b, 400l T &

22 R v R 5 1], 5S rDNA 5458 rDNAFK) [ 28 43
A7 3 F S rDNASH M 1) B dE 0. 24
[45S rDNAFISS rDNASM i F AR YL otk & 4%
S RIFE Y ) 45S tDNAFISS rDNA £ 431 T4
) (1 e o A 157 B — S i 2SR B Il £ —
FE, 2R DNAGL g T A —Je ik, S A T4
SBA7E, ARV R (Salmo salar)?™, 7 ®F(Para-
lichthys olivaceus)®® . Z2BEH 1 (Coris julis)" F14F
fig £ 204 MR YL fkdl b, 45S rDNAFISS
rDNAFE [ 4o A & F A, (BEA R 1 532
BLIT R A R 24 A B -, $27545S tDNAFI
5S rDNAZE [F] £k 15 [7] £ 73 A 1 e 4 ] e 7 0.2 3F
el b 2w i s, Ak, ZEf2545S rDNA
G AT TRV G (0 A 1) Jo R el o, A TR
[B] AL 25 13%,  5S rDNAN] 5043 #i T 1] 1>
11l B i £ 5S rDNA 5 45S tDNAGM i 76 QL 4 1
B IE G5 28 H I . $ s B0 0 7 3 Ak
I AR AT BE & A A 15 G £ R A R ] 4RI

33 ImRLFS S T

SE 1 SR 81 Y 804 P fa 2 v, £4942% 47
T (] ) S ¥ S FISHAR 52, SR, 78 i fo
HO AR et R b, R D B S R TR) R AR 5
T R ook 5 e O R (B . B AR G, LGtk
A R s R Y e A, ] BE R Ak D R Pk
ARV B b i g o R 8 07 sl A SR,
A B S RL I 8145 5 A 55 AR g I s ok .

Zr b, AW T — P T GISHIH I 44
AR Tk, g 6] B g £ G 0 A S B AR E Y
AR, RO T B A A0 AR 2 ARl
5 = A n) AT, A Ay At £ S A e £ A 1L 1L
TE% . AR ERE T &g @ 1KSS
rDNA/18S rDNA XL {5, FISHL &% st Bi FISHE 3, 3=
W TR A AR bR AR, Wi
WEoE A R G o RS AL T BER)

SE R
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Chromosome mapping using genomic DNA and repetitive DNA sequences as
probes for somatic chromosome identification in Nibea albiflora

ZHENG Jiao, CAO Kuan, YANG Anran, ZHANG Jing, WANG Zhiyong, CAI Mingyi’

(Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of Agriculture,
Fisheries College, Jimei University, Xiamen 361021, China)

Abstract: Yellow croaker Nibea albiflora is a species of commercial important fish. However, chromosome
identification is still difficult in yellow croaker for lack of cytogenetic markers. Hence, we analyzed the
characteristics of chromosome in yellow croaker by using Giemsa staining, fluorescence staining, genomic in situ
hybridization(GISH), and fluorescence in situ hybridization (FISH) with repetitive DNA sequences to assist
chromosome identification. According to the distribution mode of fluorescent signal of self-GISH, 24 pairs of
chromosomes could be distinguished and paired. FISH with 18S rDNA resulted in one pair of 18S rDNA signals
distributing at the interstitial region of chromosome 1, which colocated with the secondary constriction after
Giemesa staining, the negative band after DAPI staining, and the highlighted area after DPI staining. Whereas 5S
rDNA FISH resulted in two pairs of signal with different intensity. The strong one was located on the centromere
of chromosome 1, and the weak one was located on the distal position of chromosome 4. The signals of telomeric
sequence were located on both termini of all chromosomes, although the signals of some chromosomes were weak.
These results enriched the cytological genetic markers for chromosome identification in N. albiflora, and provided
basic data for studying the chromosome evolution of Sciaenidae.

Key words: Nibea albiflora; chromosome identification; fluorescence in situ hybridization; ribosome RNA;
telomere

Corresponding author: CAI Mingyi. E-mail: myicai@jmu.edu.cn

Funding projects: National Natural Science Foundation of China(31272653); Global Change and Air Sea
Interaction(GASI-02-SCS-YSWaut, GASI-02-SCS-YSWspr); Jimei University 2015 Annual National College

Students Innovation and Entrepreneurship Training Program

http://www.scxuebao.cn



162 N 40 %

ElhR 1 ETGISHNREE G AZEE
LMEPERG A0 2. R RO, 3 MERE AL IR 4 HEVE RO RZ Y I 5. MERE I S (PR DO S 3D0R L A 6. HEME R R (R Ut (S
S3DME K AR R=5pum
PlateI Karyotypes of N. albiflora based on GISH

1. metaphase of the female; 2. metaphase of the male; 3. karyotype of the female; 4. karyotype of the male; 5. 3D optical density histogram of

chromosomes in the female; 6. 3D optical density histogram of chromosomes in the male; bars represent 5 pm
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Plate I Metaphase of N. albiflora
1. Giemsa staining, the arrows indicate the secondary constriction; 2. DAPI staining, the arrows indicate the negative band; 3. DPI staining, the arrows

indicate high lighted area; 4. FISH with 5S rDNA probe; 5. dual-color FISH with 5S rDNA and 18S rDNA probes; 6. FISH with telomeric sequence, the

arrows indicate chromosomes with weak signal; bars represent 5 pm
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