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[(HWE] BERAIOCRNAZAE (GISH) R TG sc e R ZE A ) TR, S T $&5 44581 GISH 1)
{H5mBE, VISSUSM (Haliotis discus hannai) 22 (H. diversicolor) 258 FANIIGEITEE, WF5T T 45858
TP RE BTk | 3PH DNA Bregilk i, DI T HIBEE , SRARH SRR £ 8 6000 By & &% GISH 55
SRPERIN , GERRW], ZRBGemih, REHBUERIE NI T 6. 25 ng/ul, EHFH DNA (K5 DNA) Boid B o
WEEZIARERY 10 75, £ 8T WIS BB 30% , Bl i S E s BRI 0N 12.5% ~17.5%
Ak, 7. 5% 3R £ 1 6000 BAUBRER I RMETT LIRS AAE(E S, (HAFER SR A 25N,

(KRR ] JLEAFENAAE (GISH) ;5 ZRschfl; Jefifk

[FESES] Q23

Optimization of Genomic in situ Hybridization (GISH) for Hybrid Abalone
LIU Fujiang"?, ZHU Qichun"?, ZHANG Jianpeng"?, CAI Mingyi"?
(1. Fisheries College, Jimei University, Xiamen 361021, China; 2. The Key Laboratory of Healthy Mariculture for the
East China Sea, Ministry of Agriculture and Rural Affairs, Jimei University, Xiamen 361021, China)

Abstract: Genomic fluorescence in situ hybridization ( GISH) is a powerful tool for analyzing the source of
chromosomes in distant hybrid cells. In order to improve the signal of GISH, the effect of the probe dosage,
blocked DNA concentration, deionized formamide concentration, and dextran sulfate or PEG6000 concentration on
the signal intensity of GISH were investigated. The results showed that the appropriate concentration of the probe
in the hybridization buffer was not less than 6. 25 ng/uL; the concentration of the blocking DNA ( salmon sperm
DNA) should be 10 times the amount of the probe; and the suitable concentration of deionized formamide was a-
bout 30%, the suitable concentration of dextran sulfate is 12. 5% to 17.5%. In addition, polyethylene glycol
6000 instead of dextran sulfate can increase the hybridization signal, with a suitable concentration of 7. 5% .

Keywords: genomic in situ hybridization; hybrid abalone; chromosome
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FER A R A438 (genomic in situ hybridization, GISH) BT S 538 Y AR 25 B A 1 T 5,
B EANLE DNA $il & 2458, ST ERTEAT IR A 2358, AT LURAS [A] 0 €00 1 2 5 DX Jb s e €2
KRB ZEARIED . HAET , GISH B 2R H TPt g 4 sc b R s e . SFIRZMRTUN, LAURIER
TS HENB ARG TS 2 43 seH, GISH WA 45 B FH T 2438 TR Y Y (o 1A 2 i,
FEEHAARARS 1 SR, AT A R R, W T OEARG O RN AL, A GISH 439Kk
ARYete RREREA SR B, BRI e R Ik, ARSCIIAAESUESEA (Haliotis discus hannai) Fl
Zetafifl (H. diversicolor) 2438 FA RN G, A Wr 438 2 sl h 8 %E . 3PP DNA | 25 55+ I ik i
(dFA) . BRFRFIRME (DS) SRl (PEG)6000 Y F Xt GISH {55 3 BE M R2 I, A48 = 2 A8 il oy
tafk GISH MRS Shvets, Wrl MR ZO0RAI243E (FISH) L%,

1 MHEERE
1.1 HRRE

S i 2R i R ARL ZHZUR: [ A 4 S VLR KRB A0 K™ A IRAF], [8E TIoK Sl 20 <C
TRAE . HUPE R G e 2% (o SR RT A PR S SO, SR . RARIBORN 28428 2 4/ RESRT A T A 55 T
Befier™, SAGA N1 5 S SURMORS 1 FRER I T SE IR 0 VA RS 2 (A B x A S Y e AL iR %)
R Je R AN ARTEROKAN R AR R B3R 5 28 . BESRAbBE, SRIGE T -20 CHRAA "D,

1.2 GISH #x$t#0£$FE DNA g% &

FAZR O R ILA ZH SR DNA, EARERVES I8 0 4/ ZH 2136 41 DNA $RBGAFI & (KARAE
AT B, R AP 2 AR Y R R IC i e B K 20 DNA 8%, #E k25100
UL (Roche) . ¥fks DNA (I TS A E AR A RAE]) FH s R K57 U175 55 U1 kA 18 A B
(100 ~200 bp) . FH 1% BAEHHEE RS B WA TR ET A DNA RO, KA A 2R B4R ET RIEERS DNA TR
G Ia R CBETIELA T2k, FEFASRARTRRY TE 22 R froine, -20 COREEH.

1.3 $BEEHAENES

BRI A A, R A28 700 F ik b AT e ik il B, ELARERAE D ik 2 % 4 3550 (At
TR A 222 TR T 60 °C AR 124k 30 min,

1.4 EBERARERERMAERE

GISH ) — R P AL G AT A8k . Je il A8 Pk | 2458 . R BRI ANE S5 K 5E 5 42D 3R,
BRVERR T 528 AR 1Y FISH Jrik ik M) BREFIRULHASN, BIFSE T 2% 58 2% vh i 45 W 4 0
30% (AP E0) dFA, 10% (A% 2 xSSCL 12.5% (B340 DS, 6.25 ng/pl #R5,
62. 5 ng/pL RS DNA, 4 BIGRE 2228 (5 5 T i n S gk 6.5

) #ErSERR SRR A w53 528 1.56 ng/pL, 3.13 ng/pL, 6.25 ng/plL,
12.50 ng/uL. 25.00 ng/plL,

2) RS DNA Sk A0 4 g DNA A9 B iR B2 0 0 M R EH B 0 % (0 ng/pl) . 5 %
(31.3 ng/pL) . 10 % (62.5 ng/pL) . 20 £ (125.0 ng/pL) ., 40 f% (250.0 ng/pL) .

3) dFA Eitidls ARG R T dFA BIATRSM ORI 10% | 20% | 30% . 40% F150%

4) DS Fiks: Al DS BARFUS BN R 2.5% | 7.5% . 12.5% , 17.5% . 25.0%

5) PEG6000 #4% DS i{#: 1 PEG6000 U3 il h iy DS, &34 PEG6000 YA TR 43
B N2.5% . 7.5% . 12.5% . 17.5% . 25.0% .

1.5 BRHAE, WES5HELE

FEDC WG T, FEE SRR, ARBO R AF . TR0 M HLAH 50 88 1 2 52 B 1) v 197 43 34
FH o BRI EI 5 S22, FIH Image-pro plus 6. 0 B EA FHYEIS S (GETE6) Y@k
SRR, RSP ShRmE2E, JFESTZE . SPSS 21. 0 FEER IR Z 7 24047
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2 R
2.1 B EEXNHRZESHMm

BEr R R, HARR R W E T A9 GISH EMS A 1a ~ B 1e ik, HA 4@t
NI IS G T, LR PLES

10.20 .40 fif K5 DNA 35t BH ¥ GISH Bl sk~o MR 7R 2 8 7 W Bk I (R B4 B0l 10% .20% \30% 40% 50% 1Y
GISH [ s p~t K ¥k Fn DS R BN 2.5% . 7.5% 12.5% .17.5% .25.0%H) GISH & ;u~y H¥K 8 PEG6000 1A B 43 50k
2.5% .7.5% .12.5% .17.5% .25.0% " GISH Kl ; #5 R=10 pum,

Note:a—e s l'y represents the public map at the concentrations of 1.56,3.13,6.25,12.50,25.00 ng/pL probes.f—j,in turn,stands for the
blocking conc ation of 0,5,10,20 and 40 times of salmon.k—o stands for 10%,20%,30%,40% and 50% of the deionized formamide concentration.
p—t stands for 2.5%, 7.5%, 12.5%, 17.5% ,25.0% of the DS concentration respectively.u—y indicates 2.5%,7.5 %, 12.5%, 17.5% ,25.0% PEG 6000
respectively.scale bar=10 pm.

1 FAER$.EHE DNA X B FH B A DS = PEG6000 & 2 TH GISH B

Fig.1 The results of GISH under different probes,blocking DNA,deionized formamide,
DS or PEG6000 concentrations

http : /xuebaobangong. jmu. edu. cn/zkb




- 244 - FFRREM (HRBERRD 524 %

MARE R IE N 1.56 ng/ul. (VWA 1a) F13.13 ng/pl (WK 1b) B, &ESHHE, N
A 58 X 53 2438 FAR TP e R I SR AR IR . Y PRET TR VR B & T 6. 25 ng/pL B, 22585500, Jefafk
FEAKUE ] B X B L W, R AT A R R YR TR W B N 156 ng/pL B &
6.25 ng/pLitf, HLRLAMRAFIYIO IR (7.53 £1.76) LIHE (12.46 +2.38) ; SR FRIKE
M 6.25 ng/pL HEfNZE 25. 00 ng/wL B, et fA P 5258 o BEHCOR A g o, (EE G st 94 2 TF
Z, FHEAHZFAEE (P>0.05, WK 2a),

16
g 14 5
=30 - 5
(=g a -z
S = 10 S =
= 8 = £
EZ 6 = 2
=2, =g
ol I I I I
1.56 3.13 625 1250 25.00 0 5 10 20 40
FRET [T 2 e JE The probe concentration/(ng* wL™) 1B DNA %44 Blocking multiples of DNA/f Times
a) WEF b) &L DNA
I5r ——DS —8—PEG
<
o O
4 = z 40
S g s a
=z 2 = 30
== =i b
= = £ 20 b c
£z E 2
' g =10 ¢ b a ab
= g a b
0 1 1 1 1 1 S 0 1 1 1 1 C
10 20 30 40 50 25 75 125 175 25
¢ (dFA)/% ¢(DS), ¢(PEG6000)/%
¢) dFA d) DS,PEG6000

VLT B Ry P S PR UME 22 (n=5) s AR - B3R 7R 22 57 1 35 (P<0.05) .

Notes:data in the figure are mean =+ standard deviation(n=5),different letters indicate significant differences(P<0.05).

B 2 AE#E . =BEDNA.AFA.DS #1 PEG6000 W& EX £ A B ER 10D ER M

Fig.2 Effects of different concentrations of probes,blocked DNA,dFA,DS and PEG6000
on the IOD value per unit area of chromosome

2.2 F{PE DNA EEXNHRESHEI

HBH DNA SRR, AR TR CISH BURIE 1f ~ K 1 i, Hrhggt
PN R AR EMIRET TS, LLERN RGN PSS, Al 20 ] 24 mT W b DX ) e e (AR AR IR, >
RS DNA JT s v B 4R 10 f5 B 5 S i, o ir 25 R R W], 30 DNA BTy B el 0 f5 34 m
210 R, AR RO EIRET B (5. 41 £0.71) FWHEIRE] (11.39 +2.28) ; 245 DNA
R T B 10 538002 40 i FEh, TECIRE BB IET 2 (2.81 +0.55) , AP/ [8] 5 6k
FEXEREE (P<0.05, WE2b),
2.3 dFA EEXNHERESHEI

dFA St s R, R AN FEART 0T 19 GISH BHRINE 1k ~ B 1o i, Hpag@uet
RAEBRIRE A RS (5T, LU PLIS S, 2 dFA (RFR 0N 30% i), Gy R SR AR TR 1 X 53
FERA &, TRET 2S5 S A M SE B M b (LR 1m) 5 24 dFA REIE00m T 40% B, BRET 2452 1)
WA —PEAR 2% Ze5S 5T HOH BT RS S e i I, TE ik B X A3 Y IR SR AR TR (LA 1,
lo), ERMVTEEREN . Y dFA TR 10% 3 2 30% I, #RYLAARIELZOEEE i (5.07 +
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0.15) ZHWHERE] (11.40 £2.09) 5 1724 dFA FRBUEEH 30% 15 % 40% , FEYL AR TS50 B B 2
JASE 28 (4.63 +0.49) (WK 2¢) .
2.4 DS I PEG6000 & EX R E SRR

DS & AN RIS, A HAFEAFR ST 9 GISH EG I 1p ~ | 10 s, Hh &t h
FOMIPRE 22585, AENHYR PLEYS . SR EWE R, DS EKBGECH 12.5% 1 17. 5% B
S, WAREA], EAREX M ERE (WK 1q, K 1s), @REERE . DS 5 B AR5
B 2. 5% BN ZE 12. 5% Ryt fer, ¥R RAT 9O EREE f (5,25 £ 2.41) BWHE RS (9.96 +
2.05) ; MHARBU B 12. 5% BN 17. 5% W2 65 B g B R, 24 HARBI - $rh 17. 5% B =
25.0% I, FOGIREEBRIS A (2.45 £0.80) (WL 2d) .

7E PEG6000 A [RMAFR /380 F B9 GISH RN 1p ~ K 1y i, P& a5 e b A s iR e 4258
59, s PLES . R ER: 7.5% PEG6000 28615 Sk ik, HEA K X434 IFAm
(W 2v) . BRI HrE RN . 4 PEG6000 MIARFT LR 2. 5% B M Z 7. 5% B, YR b
FIZE eI (14.91 +3.13) BIEE] (32.65 +5.31) ; 4 PEG6000 HARFL/ R4k Sa 6 hn = 12. 5%
DGR EE R MRS 2] (24.7 +7.71) , FFBEZH PEG6000 AIAFR M Bk LL s nmimg i F e, (H2ERA R
¥ (P>0.05, WK 2d),

DS 1 PEG6000 W52 X404 SR b3, (i1 PEG6000 2H 255 B W] i & T DS 41,

3 g
3.1 HETRENFN

RER 2 58 14 RO R B 55 VAV Th 5 5 2% 5 1 B AN A T2 T e VR 2 PO SR ARUSAE BB et fAk GISH
YA 1 E Y DNA ARG e, DRI o kI 3 5 A TR 4 s R I SR R 3
AR R, SRR N 1. 56 ng/pL B, GISH {5 53R EERLES, FLU S IRYs (IR 1 X 53
BEZE; BEARET A BT R R Th , {5 T am B RN G (LR X O BE R A I B i YR A i Uk R T i B
6.25 ng/pL NZOGIRBEEIRBIT- &, (HARSE 5 m R 5T 00 o 2 R A 1 B 48 T GISH (5 5 a8, Al
W, Z5ghf GISH IR0 v, HREHIY T RE IR BE R K F 6. 25 ng/pl, 675 IR B0 14 AR 6 il FES e 1
AR IE N5 B GISH H45T HI A 6. 25 ng/pL.

ANTEIRFZE BT 00 4R 1 A o e B 0 S AR R) . Bi 20 7835 JH GISH %8 52 19 b S TR = 4% 1A e it
(A. laterale-2 jeffersonianum ,A.2 laterale-jeffersonianum) W) % & K 41 g v BT (8 H A9 5 o5 Bl 01 05
(A. laterale) FEH AL HEET B TR WE A 5 ng/pl  Sczepanski %57 7812 FH FISH #f 55 P il 6 7 6% £
(Genidens genidens ,Aspistor luniscutis) i Jfl 53 2% F A% B i A6 rf i (i FH 4R €2 85 J5 68 ( Prochilodus
argenteus) 18S rDNA R E N 2.5 ng/wL, Jowett!"™ XU FISH #F 5% 5 & a1 ( Barchydanio
rerio var) WRNAFEF F R BT FH 1 B SCHRET (9 B i YR B4 0.5 ng/pL, Zhang 55! 7£i2 il FISH
WFFERIALEE DU (Chlamys farreri) W3 (K E AL 5 %5 P BT HTAY Fosmid DNA 4R &1 7Y Jot 9 5 4
10 ng/pl, FREFAE | Ye@ RS 2557 | IREMPRICRICR | 24385 Uk ™ 1 B 45 R 3R X T RESY IR A
TR, S GISH B F 5 RS BTk, i, ALK ETEIEFT IO AR SR, A
WSS H B SRR P A v
3.2 ###5 DNA S EHFM

(EARAC MR I ARG DNA /Y H 892 3 138 [R) P O B A2 5 81, DL R Al e 5 2 28 A
02 Mukai S5 AT NSRS DNA, /N 55 T RN RI B K 2 e ik, AP 4R BoR,
e AERYEERS DNA BT B 20 A IR B E Ve FE Y 10 A%, 2o v sl (IR 34 25 1o 52 0 GISH {555 2 F
SR YL AR DI, T RE R St PR 2 5 e Ve S AN J2 DA PAD ] 950 51 3 Bl ) B B R 2R 2R 5, T
TV L 2 M R E R B AR g A B R SR E
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ARFEBFFE b, BEKE DNA R B A Br 22 5. Hu 257 78328 H GISH #F 5% %8 J6 D1 (Argopecten
purpuratus) PSR UL (A. irradians irradians) 2<3CFP5E R4 T FEEARE DNA A9 5 16 B2 R 4T B9 100
5. Bi &2 AR5 ] GISH W IEME (Ambystoma ( Amphibia:Caudata) ) O3S R 2H S8 #e I8 55 23 2401 Ik B
FfE RS DNA 9 J5 Btk B O 4T 79 100 %, Rampin %) 7632 F GISH #ff 5% 8 B} 16 2% 52 (Squalius
alburnoides complex) FJFEAN YL FIREDR 2 FHERS Bt FHEERS DNA B9 B3 B M REN Y 25 1%, BIFEAIH]
WFoEH, SRR DNA v AG 6 FVE UM ERET K 25 ~ 100 7%, K5 DNA 038 B & 19 22 5 0l g S5
X LR A Z5 R AN K
3.3 dFA EERFMm

AEPERIERET F g A 1K DNA R MR DOCIFA A OGP TR, A FEUEN], 5 DNA B PEW
WHIRELA N T, -25C2 SR, R TGRSR B B e OB, BRE 5P 5 =2 v
WHAE3TCHEMR , B, BR8N — R AEZ 58 2 o PR N5 Bt dFA SR 4% DNA 19 T, DAB%
REZHEIREE ™ . HRTCA, dFA BORBUMBURER R 1% , RTH DNA /9 T, 20 FRE0. 60 ~0. 73°C™7,
ARICHITE T A ZL M dFA BPR BN RO 2 S B4R GISH {55 9520, 45 R 7, GISH {55 55
JERAXT dFA IRFRI R A A 4 Ry Sl 2, (B LAY dFA PR 80h 30% (LI 1) 5 dFA K
TR Eet v B IR 25 R 2 B S8 A5 5 0m B AN — PR TR (IR 2k ~ [ 20) o X — TR B RRAE
5 Mcconaughy ™ ZERFFE dFA PAFRABOG BESE G A R 2E AT B DNA 24 38 R0 3R (152 Wi BT A5 () 45 SR AR AT
UL, ZRA2 el dFA 198 i IR B o3 A SRR B R R, HE s st my 1y 25 ™
A S5 S R B S 51

RIRBFFERGE S, 238G ol b dFA B9 & BT BEATE, BN, Barranger %5 732 Fl 1DNA JE[H
(5S tRNA, 18 - 5.8 —28S rRNA) fi#R%slr, HIMNG 40 M A% O (iR 6 7 (9 FISH, B 58 X1 i 41 Wi
( Crassostrea gigas) VG Y (04K 32 B 50 5 b 30 17 S B0CIE 2 A5 R BT A dFA AR A380k 50%
Rampin SEBIAE LS. alburnoides B AA FEPIZHGRET, S, alburnoides 19 ZAZ AR FI =A3% 1A 41 ffd 55 96 1)
F B GISH B o BB 24 52 4. ( Squalius alburnoides complex) FJZEAR G @RI R4 FHE, H AT
dFA IR BN 75% 5 Bi 28124 W S 4G O (A. laterale) JER MR ET, F KM (Salamandra
salamandra) YPHEA0 M ARG AR R i GISH, AFF 5T M W5 Y 2L R 40 A2 $ i B0 o 24 0L, HLRr FH Y dFA
M ARFR G EON 50% , ARBFSEES RN, 438 GISH ' dFA (& B IRBUN S 0 30% , I T 22 40t
FERIE, DNA 9 T, {652 GC & i, KIE | Bt WERSEF RN, 52 22 o b 22 PR Fh 2
Fr, MBI pH FRFZ M 2 X EEE HE T30 dFA WIS & R0, H i,
FE GISH i35 v i 4428 5 5 RSG5 S i IRl R, ZEORUEARET S m T4 T, TR & esc e
MR dFA B R T
3.4 DS = PEG6000 & =R

BRI, W R R PR INAGE 7 DS DR gt e sg s 2 DS f2—Fh ko F 2 B4k
¥, BAWRMKEER, BEARSE MM b ERAT LI PI R, —, Bmse & &, =
&, WA RBEEE S . AR AR R, Z¢sSifl GISH 2458 8 vl P DS S id B I IR BT S04y
12.5% . HARBUGBORMG, SRENERGATT T HARROEOR R, FHGE TR, 33019 JioH B
i, Bk, HARBUBORAREUR = B 252 i 2258 8%, AFAFZE T DS il & 22 08 K, Bi 41
TEFI T GISH BIF 5 MR 1) 5 PR 4 38 #0850 03 2L I, T A DS KRBV 00 10% 5 Yang 45 1
FIH FISH W5 HF 5253 U1 ( Patinopecten yessoensis) A K FE @M}, Feng 25 76 ] FISH WFT A
fLI U1 (Chlamys farreri) T 5 bR ic i 20 il 382 4% B35 i, A AT BT FH Y DS 9 AR B 00 B08T o 10%
Rampin %5 7EF ] GISH #1505 (Squalius alburnoides complex) Y35 AR G (0 0 0 35 DX 26 5 HE i
Boonanuntanasarn %5 YEF F] FISH BF98 43 BE 46 ( Epinephelus fuscoguttatus) vasa FePFEIRmF, A7
FIHY DS BV AT ECE ] 10% o AT UL, SHABKR AL, 222822 vl rh DS & & B9 VE FHARXS 2 Sy AR
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XHRE, TEANFIMRFSE P IE TR fE . SRMEATE RIS, DS WK FLRORE B, O o a2 U TR ¢
FE O B B R R,

Amasino ' 7E Southern 2432 /1 ] PEG6000 AR IR I A8 % whifi P Y DS, & PEG6000 HA 5%
S KRR AR RS 3, Ik, A2 H PEG6000 218 GISH 2452 % bl i) DS, 454tk
7~, PEG6000 4111 15 5 o & Bk & F DS 4, & H ARS8 R 7.5% , (HHF5E 45 R BR,
PEG6000 LHAFTERAMF S ARE . [RoMAZ | flhtadl “fh” SR,

4 it

A SCHE H — g (o R 5 B i B v, IR RO R FAE T 28 30 8 v P R AT R Lt
DNA Him ., DS & xf e 24 a2 e (o /K GISH {55 8952 m , [R]Bf 2438 H PEG6000 s 6 2% wh il H 1Y
DS, WFFE45 SR i w2428 il GISH B HERAR A0 TS, oo Hofth FISH AHOCHF I $2 4L T 154

[ &% Xk ]

WOEE, IR SR EMIIERE (1], @l ¥, 2013, 28(12) ; 1303-1309.
FIAe, S5, efhth, 4. PHERER (1], hEDK, 2016(3) : 53-55.
SKREVE. Zesci “RiE 1S [J]. KRB, 2010(7) : 30.
DI G, LUO X, HUANG M, et al. Proteomic profiling of eggs from a hybrid abalone and its parental lines: Haliotis discus
hannai Ino and Haliotis gigantea [J]. Animal Genetics, 2015, 46(6) : 646-654.
[5] SCHWARZACHER T, LEITCH A R, BENNETT M D, et al. In situ localization of parental genomes in a wide hybrid
[J]. Annals of Botany, 1989, 64(3): 315-324.

(6] e, BRUT, PR, 5. SRR IRA e SR KOHAE el ZAE ) SE N BT P i (0], PEABAE 4l 2017,
37(10) ; 2087-2096.

(7] BB, TR, SR, S R AR GISH HAR R R B (1], K AR,
2018, 33(1) : 1-6.

[8] PIPERIDIS N. GISH: resolving interspecific and intergeneric hybrids [ M] //BESSE P. Molecular Plant Taxonomy:
Methods and Protocols. Totowa, N J: Humana Press, 2014, 325-36.

[9] CAIMY, KE CH, LUO X, etal. Karyological studies of the hybrid larvae of Haliotis disversicolor supertexta female and
Haliotis discus discus male [J]. Journal of Shellfish Research, 2010, 29(3) . 735-740.

[10] XUBHE.  Zs (o 55 4 S it X -2 s AU s A s -~k se [D]. BT EITR¥, 2016.

(11] FEigil. =FhBF R A A e #1598 [D]. JEIT: JEI TR, 2014,

[12] #EWEE, ArAMe, EHUE, 55 Ze 085 REM R AR R R [J]. P EUK&RE, 2006, 13(2)
230-236.

[13] Z2Hise, XIWEM, PRseas, 45 S8 @k C Al DNA ERL [J]. /K724, 2013, 37(7) : 1002-1008.

[14] WETMUR J G. Acceleration of DNA renaturation rates [ J]. Biopolymers; Original Research on Biomolecules, 1975,
14(12) . 2517-2524. DOI:10. 1002/bip. 1975.360141208.

[15] ROCHA R, SANTOS R S, MADUREIRA P, et al. Optimization of peptide nucleic acid fluorescence in situ hybridiza-
tion (PNA-FISH) for the detection of bacteria; the effect of pH, dextran sulfate and probe concentration [J]. Journal of
Biotechnology, 2016, 226. 1-7.

[16] BI K, BOGART J P. Identification of intergenomic recombinations in unisexual salamanders of the genus Ambystoma by
genomic in situ hybridization (GISH) [J]. Cytogenetic and Genome Research, 2006, 112(3/4) ; 307-312.

[17] SCZEPANSKI T S, NOLETO R B, CESTARI M M, et al. A comparative study of two marine catfish (Siluriformes, Ari-
idae) ; cytogenetic tools for determining cytotaxonomy and karyotype evolution [J]. Micron, 2010, 41(3): 193-197.

[18] JOWETT T. Double in situ hybridization techniques in zebrafish [ J]. Methods, 2001, 23(4) ; 345-358.

[19] ZHANG L, BAO Z, WANG S, et al. FISH mapping and identification of Zhikong scallop ( Chlamys farreri) chromo-

somes [J]. Marine Biotechnology, 2008, 10: 151-157.

http : /xuebaobangong. jmu. edu. cn/zkb



- 248 - FFRREM (HRBERRD 524 %

[20]

[21]
[22]

[23]

(24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

KATO A, VEGA J M, HAN F, et al. Advances in plant chromosome identification and cytogenetic techniques [ J].
Current Opinion in Plant Biology, 2005, 8(2) . 148-154.

RFFI, RIBVE. FEFUFO A B R e B E R T R [J]. MIIRA2AAI, 2001, 19(3) : 248254
MUKAI Y, GILL B S. Detection of barley chromatin added to wheat by genomic in situ hybridization [J]. Genome,
1991, 34(3) : 448-452.

HU L, HUANG X, MAO J, etal. Genomic characterization of interspecific hybrids between the scallops Argopecten pur-
puratus and A. irradians irradians [J]. PLOS ONE, 2013, 8(4) : e62432.

BI K, BOGART J P. Probing the meiotic mechanism of intergenomic exchanges by genomic in situ hybridization on lamp-
brush chromosomes of unisexual Ambystoma ( Amphibia: Caudata) [J]. Chromosome Research, 2010, 18(3) : 371-382.
RAMPIN M, BI K, BOGART J, et al. Identifying parental chromosomes and genomic rearrangements in animal hybrid
complexes of species with small genome size using genomic in situ hybridization (GISH) [J]. Comparative Cytogenetics,
2012, 6(3) : 287-300.

MARMUR J, DOTY P. Thermal renaturation of deoxyribonucleic acids [J]. Journal of Molecular Biology, 1961, 3
(5): 585-594.

BRAHIC M, HAASE A T. Detection of viral sequences of low reiteration frequency by in situ hybridization [J]. Pro-
ceedings of the National Academy of Sciences, 1978, 75(12) ; 6125-6129.

MCCONAUGHY B L, LAIRD C D, MCCARTHY B J. Nucleic acid reassociation in formamide [J]. Biochemistry,
1969, 8(8) : 3289-3295.

SADHU C, DUTTA S, GOPINATHAN K P. Influence of formamide on the thermal stability of DNA [ J]. Journal of Bi-
osciences, 1984, 6(6) : 817-821.

BARRANGER A, BENABDELMOUNA A, DEGREMONT L, et al. Parental exposure to environmental concentrations
of diuron leads to aneuploidy in embryos of the Pacific oyster, as evidenced by fluorescent in situ hybridization [J]. A-
quatic Toxicology, 2015, 159. 36-43.

BLAKE R D, DELCOURT S G. Thermodynamic effects of formamide on DNA stability [J]. Nucleic Acids Research,
1996, 24 (11) : 2095-2103.

BLAKE R D, DELCOURT S G. Thermal stability of DNA [J]. Nucleic Acids Research, 1998, 26(14) : 3323-3332.
HRABOVSZKY E, PETERSEN S L. Increased concentrations of radioisotopically-labeled complementary ribonucleic acid
probe , dextran sulfate, and dithiothreitol in the hybridization buffer can improve results of in situ hybridization histochem-
istry [J]. The Journal of Histochemistry and Cytochemistry, 2002, 50(10) ; 1389-1400.

YANG Z, LI X, LIAO H, et al. Physical mapping of immune-related genes in Yesso scallop ( Patinopecten yessoensis )
using fluorescent in situ hybridization [J]. Comparative Cytogenetics, 2016, 10(4) ; 529-541.

FENG L, HU L, FU X, et al. An integrated genetic and cytogenetic map for Zhikong scallop, Chlamys farreri, based
on microsatellite markers [J]. PLOS ONE, 2014, 9(7) . €92567.

BOONANUNTANASARN S, BUNLIPATANON P, ICHIDA K, et, al. Characterization of a vasa homolog in the brown-
marbled grouper ( Epinephelus fuscoguttatus) and its expression in gonad and germ cells during larval development [ ]].
Fish Physiology and Biochemistry, 2016, 42(6) : 1621-1636.

AMASINO R M. Acceleration of nucleic acid hybridization rate by polyethylene glycol [J]. Analytical Biochemistry,
1986, 152(2) . 304-307.

(REHE KEE RXFER BEHT)

http : /xuebaobangong. jmu. edu. cn/zkb



	封二、封三
	目录
	zl4

