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DNA 4rFJE{irZ3Z (in situ hybridization)
EEY D FHREREEMR AN A

SRR, KA, B R A, R
CAMAFHBE 15N 22 2 B o, 3T H54H 225007

# ZE.DNA o F R1% % X (in situ hybridization, ISH) # ¥ o F e o X EFH RO ETE LA, &£
BT DNA & F RALZ R B ALK, #miEid 7R B RAL S R (genomic in situ hybridization,
GISH) 4= ML 4% 4m oL 3% 4% 52 BT 52 0 4 o B vA & 5 6 R A% Z¢ 3 (Fluorescence in situ hybridization, FISH ) /£ 44

i BRAERF L ER RN T ER, &
W JG*T FISH # R#4TT RZ

X 4§17 .FISH;GISH;ISH ; % T fa L ik 4% 5 ;A
mESES.Q343.2+2  XHEERIREG A

A48 7 Fiber-FISH .BAC-FISH ¥4 Z Immuno-FISH & #7 3¢ # K |

Application of in situ Hybridization in Plant Molecular Cytogenetics Research
Bie Tongde, Zhang Boqiao, Gao Derong, Cheng Shunhe, Ma Tanbin
(National wheat improvement subcenter, Yangzhou Academy of Agricultural Sciences, Yangzhou 225007)

Abstract: In situ hybridization is one of the most important techniques in plant molecular cytogenetics re—

search. In this paper, we briefly introduced the origin and development of in situ hybridization, firstly. Then,

application of genomic in situ hybridization (GISH) in plant cytogenetics research as well as fluorescence in

sttu hybridization (FISH) in plant physical mapping and chromosome identification were detailed reviewed.

Some new techniques such as fiber—FISH, BAC-FISH, and immuno—FISH were also introduced in this pa—

per. And a prospect about FISH was given out.

Key words: FISH, GISH, ISH, molecular cytogenetics, plant

DNA 73 T JEAE %42 Gin situ hybridization) & 20 it
40 60 AN LI & D ok () — FoK DNA JP
FIVEBEEAL T ROR EIHEOR . FLIIK ISH B HI
SRPIE (R bR i R 0, L S B P 2 I I TR 73 7%
FAR AR ZE , AN 4% U1 DNA J7 51 (R AS I 4 Ay
G AT v RIS PE R 25 ISH BRI R PR, A9 %=
FricBRE I HAR NE A, S5 FH T i O BRI 45
FIPFRIEFE R G A E A5 NATPREX A 52
FARICH ISH BEARFTR A 2647 24 4L (Fluorescence in

situ hybridization, FISH) « 5 U PEFRIC 1) ISH A L,
FISH H A 70 #e i 15 sAK  PRos B 450 A
Rayburn 1 Gill' & O 259 2 bR il B8 % 1) FISH
BARNH TR . EXART T, HaaEmEm
dUTP ARic #REF DNA, 284S md Ml A -5 A6, T
FHBOAR L A A A0 Wl 5 B e PR A S S I B A E ) 3R
HAREHERIUVEYMREA . FRGHIL TR b
FRBTAA AT R WU () 1 5 = Al R G 1K P A ) g
IR LR A8 A 50K 50 £ DA b, DR R
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Reader 55745 9 6 HARICERET , FISH 15 5 n] LLE
FEAE VG RAEE MR, BRI R A . b
J&i » Lichter %5, Leitch 25”1 Mukai 55Uk & 1MW)
(1) X5, 8% 22 0 58 O B A7 2% A 2 AR (di-/multi-col-
or-FISH) , JUVFAE [ —Z B thfh _Lafl e A FIERET 4]
IR o

FIFH AL R 41 DNA S #REHK) ISH 75 V6 FR kA A
2] A A4 A8 (genomic in situ hybridization, GISHD , # 5
A2 FH AR AT N — BP0 2 o o 1) /S BRL AR 1Y, Le
ST Schwarzacher S D HURE 2 £ AR N HI TR
WERAZ I . M5, GISH #) iz #u s H T A [F)
LTS S AN G (LTI G548 725 () 2 R 9800y 2T
VR AR A G (0 A 1B 457 THT FRIATE S o

NI UK GISH i FISH 76 K540 43 1 41 i 33 4%
FRIFFEA I N BEA T 453
1 GISH EEYHAMRiEEEMRPFHEA

Heslop-Harrison %5, Mukai A1 Gilll3if iz % /N 52
- ANIE B AR I R AN 2 47 FR A% 1K) GISH R I : s
INERFN G A Z b R MR G (BT AN 5 7 22 G0 i Ag 2R
P, b A A AN AL X 38 Leitch 451
HI GISH W4T 85 24 K32 Hordeum chilense 5 AE Y B2 32
Secale africanum ZFp ) IHFNANANAZ,  ARILASHZ
K H AN 21 AL DRI ZH 1 G £ 5 70 1) o 40 A [ () A% X 3
A EAZZ . Leitch 5517k — 5 W 82 21| Qb XU
i DRI 20 A 38 40 i J] 39 v R a2 5 X A3 A (1)

1 GE IR 3 2B 73 W VAR AE X 73 JE AT 2 Y
AL R A A e (AR RO, (H 2 GISH 1] LA1S 31 5¢ T3k
AT ZH 1] % £ A0 23 [ PC 0T (1) T2 UE B U811, 3 6) 11
EMFSRG R R, ANEROAEFERHEL I F
BRI IEAT

HI T % il w] B8 f1) A% AR 0 BE R 41 DNA 45
B, GISH 7] DA% H il 22 A8 AR DR 20 3 A0 A0 70 A 1 B
BF B . AT GISH 80K, Kenton 45 P I 75 MK e
(Nicotiana tabacum, SSTT) FER 4 Hh A7 AE K E M 4L
PR 20 18] 5 A7 ; Jellen %52, Chen FI1 Armstrong® 4} 1] 7F
S Ut DU A5 AR S 7N A A e 2 vh I A-C R A/D-C
et R4 1] 5 47 s Jiang R Gill 2 R ILHE SR/ 2
(Triticum timopheevii, AtAtGG) A7 — /MRl 57 1)
TR GAT, W K 1G 4G Rl 6AL3 S ta A, i 5[5 4 /)N
3¢ (Triticum turgidum) <% 38 /N3¢ (Triticum aestivum) 9
W) 4A5ATB B AR AR 1 5 A P29AN [R] , 35X A
YRl Sk et AR S L IAFAE SCHY T 2 A5 A/ 22k Y5
) IR S B,

FIFH GISH 1175 5 %5 0l #i 47) 5 DRT 20 v e 050 4% £ A

OF0) BG4y Be AR AE , JCHAE /N2 IR S s )
PR RE T TAE D N 2 . HEY, Y] GISH
Fr I i 26 A3 2K R/ 22 15 B2 I 1L 2 s 7R R
2 T L R (B S i L K L P DL R R
R EYIRR G OAR G R . N - IR G RAE
Z G Z AR, v N Al 2 e, JUHAE
ANZEHUIR B R AR PR T AR IR,

FIH GISH 454 TARic /e, & v LUK € F
AN 5] ) Fofe 1) 4 31 217 55 (physical recombination
site) , SEIA P ] Ly it AL (I PR 5520,y TR MR T
GISH 17> Fric P B - 4% KA 2K 2 1) DNA
F 577 TS B PR L 40 B N T 54 9 4K (bacteri-
al artificial chromosome, BAC) « F 15} N\ T 4t (44 (yeast
artificial chromosome, YAC) 3 %= [11 4 2 B [ #4) ft BLAIG
AT Z .
2 FISH =¥ EER RN A
2.1 4% WA IEH N DNA 5749 FISH 4 2 A4F B

ENRIERA BT S T, KEJL+ kb~ JLH kb
RS B (cosmid)s YAC v, /MBI A JLH bp ISR
Fr o #R ] LA I FISH € A 1) i et fA e,
2l E] B 7E 50~100bp [ DNA Bt ] DL7E [a) 39 k%
FAR IR G €0 T s H I 0 4k b EAT IR HEZ 78, Jik
4 va B I T2 DNA P81 1948 X 24 AL (cross-hy-
bridization) 1] LI i 5 A AR id i AN KL R 41 Cot-1
DNA 38 4 PERACAF 2] o Ried S5V ks 7 FhA
[F][¥) DNA J& 415 A B NGk F .

SR, FISH 7ERE A i iR ] 52 2R OR R . el T
Z BIRE PR A e LA B P A IR s, B D
ESEHE UL DNA oA B (0 4k B o A AN ESE Y,
AREXE = £E 5 W7 T 9% 1) FISH 15 % . 20 &0 90 4404
W, BRSO TR A AP DR P DL A
FISH 1 (1) R BB o AR, DUPFR Ak - ST IR L5
L 10kb ¥ H A5 DNA J¥ 514 0] e 52 A7 21 v 91 5 44
o Jiang ZEER LA BN T4 (048 BAO I EE T
SARES Dy e L R 4 DNA B FH, K FETE 40kb DA E (1)
BAC ve [ #Ra] LA sl H T 16 &, I el ks L5 K
R AR D Xa21 BEES BAC SO 103-7 5E
FL 2] 11 5 R AR K . )5, BAC-FISH Al
YAC-FISH BURAER PG (0 A IR 5T h A3 22 Y
e
22 E8 55k 5 KB K ke FISH M2 4E B

HE PR EER A SRR ], =R
FE A IR 14 0 53 A0 3 30T R A B DR A T A S0, )
5P AN BEAT 43 B R0 P R DA S B bt SRR A ) A DR 4L 1)
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A, WA 7K BRI R G SR O T %
@iz, R P I R RS AR S PN
JEER P . fa] S e PR R 51 MR i A P41,
TEE IO, EEIKED, LT FISH AEE. &
JEER P TRFH . a1 7 510 2 B A
HRHREAT DR S, O30 87 ) 1) ) B 6
A M) X5t AN [ 0l 5 DT LA 3 PR UR N B R SR A5 3
T I A SR

Dvora k 25 ¥ 5 L /N K HESR e i) 5Sr-
RNA H K 5K A A3 T8 9T . Mukai 5591
JFH 0 /N 2 [ R 1 — B R R 5S TRNA £ L
FIEHAT Y PAE L # 5S tRNA A7 520 5@ AL TN 4
BOLS W o W OUE OBEM o6 & Wtk b
(1AS12, 1BS32, 1DS22,5A822,5BS22,5DS22), kK
5S rRNA £ S 5 gtk b C- A7 B AT AR AR
18S +26SrRNA 2 Jk K 5 % 5 41 M 73 24 0% A= 41 i X
(NOR) [T i Y AH 6 . Mukai Z5H93H 1 B 2 A Pl Ky
18S+26SrRNA £ K K 55 % i A £ 38538 /) 22 i |1 25 11
1AS.5DS.7DL 3 LA K& BEAR G 4 44 1B 1 6B (1)K
2 [ VAR = I R N N | A N i/
6B>1B>5D>1A>7D, .71 7DL L[] 18S+26SrRNA 1
RO BRI . Tiang F GIll*HE 1L %) 18S+26SrRNA J
BRIE AN [R5 P /N 22 v () G 8445 A7 0 8 - TGL Al 1BL
TEHE AT S R AR TR AREE RN WA
$r /R Bl /NFZE (Triticum monococcum subsp. urartu) &%
FEpR/INZE AR ACSEDR AL SR AR e s 30T B R ML 2
i (Aegilops speltoides)IE PRI 41 LE & K 1L = B (A egilops
longissima) SEHEL T 245K/ B G BERIAL,
& BuG BN AR T RERI AR . Li SFFIMN R 7 By
AR S EE TS pHWNAU62, %7547 {E
THERA 1V~6V Bt R s ANy s, FH %741
WHRR B 5/ R e LN R DR, KL E B
(NN RS} S8 P2 SF Ll
2.3 a9 -FISH .41 4 %1 -FISH #= fiber-FISH /= 4 32 4¢
B4 ey m A

76N KA Yy 31 g 4k B EAT FISH, A
DNA JFHIAERES KT IMb I, AT TR E A o] LU
SERMN, PRI, i G A0 T T RS B TR ) B
MIFE A R o 5 Tk, BHE AT S AN R ) i
kb v FISH A &I RS e 7481,

2.3.1 I8 3 -FISH 1£ B A[F BB AIRE Bos, 3
o Fn] LUR T4 ok B2 1) FISH VR, /M55 2 Tl 1)
Oy HER AT LA I A FISH {55 18] (0 d /N R ) %
1 AR F] S0kbP), Jiang S5O UK ]I AE [ IV FH 3

HFER AT, HE I E T 247K BAC 7ok
TER AR EHET T DL e 2 M A B 2 . (H
JERE A B SR B (D Je a5 704 A i
SIS () P B AT 4 B A% A B3 (0] o (1) AR A AR
K Q) 2k e ta o (1 TS 48 MELL 23 o
232 W Z M & Y -FISH 6 B ERYTh, W
VERE Z N NS nilma oF . KRG, 548
BTN VA AT A R A A 0 R A R
WG R AT RAF 25 (R A 2, R kb L ) S0 e €2 5
P T MEE s AEAN R4, R 28 3 G €00 o e 1) K 5 T
IR AR 7~40 £5 515 FE R/ 5 AR 78
W YO TR S et 5 _E FISH 11193 #8843 731 AT i 60kb
FT 140kb, R LAE EIRS S Eimr» Cheng S5 FH KRR
20 FISH 7EK, il DiifiaE T 4 A~ BAC Z IR P B iR
7 (112~145kb), L2 E 7 HA S EE X
BAC b B I ) BRI«
2.3.3 Fiber-FISH 7 15 & # t 5 i Heng 2500 VKl
) DNA £]42 (DNA fiber) 1 T L34 FISH 1F 4,
JCT MU € T 4 AN RERE S B AR g iR B AL R R
FISH i) 47 ¥ 2 = 3] 10kb. Fransz ¢ B1 5 4¢ %
fiber-FISH + A FH TR #4877 R0 2% ot FRD KK For 0 28
(contig) 1l o MEJ5 , B ARLESU R I+ Tt K S /D
22 e S T A 2 B R ) T A 21 FH ¥, Cheng
SEUE LN 7 N BT A KRG BAC wBESE DNA 4
2 b (%) FISH, #fi€ 115 5 K2 S 3R 25 2 A 1) 96 &R
(3.21kb/pm), FHAE T 7 4 BAC wBEAE DNA 4742
A R R B

Fiber-FISH B ) i 5 A 1wy 3 He Al 4 e e ik
I K ) D Rg, EZENH T (DDNA JF
FUI YD e A IR B9850, () i 5 (14 4 1712
(3) R A it B P A gap 755 (@) FE 741K/ S 5 D
) 53 Al (5) BRAS A P B9 (6) A ik BRI A 4 v Bk B
VAT PRI KN K 45 DL AIE

Jin 25 O XU (% fiber-FISH 5 40 9% U0 B4 1 (im-
munoprecipitation) A 45 &, UF B fE M - KoK L (o ik
WINART, TR 2R G4k TR CenC 5
R R R R 8) CRM s FEAZ 2 — e,
S XM ~300kp £ >2800kb ANEE; 5 22 ki 4 K 1
CENH3 S5 CenC R CRMAT LU i, (H AT X
Bl F X IR B IEAFAE CENH3; FOKF 22 Rk N
M S AN B 2 b 2 AR th; 2
2 fi A 1 CENH3 5 K58 2R 44 3] — i £k
CenH3 JE R FE ML T St ARIL . B PIFES
fiber-FISH +% A ) 45 &k FISH 18 %15 /K ~F W 5%
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THRE T TR
3 FISH 7£ 3 & 1R 5 & i 5z A
3 A TEERFINGEERS THR

A H 52741 ISH 1) 53 1 4% 24 1) e 7ok 1950
YA SR R R AE R A . GAA TP A B R R
TR 53 1A% B IR S8, AH ot R () T TR
7] A7 28 b il 1 20 1 A% 2 B ot AR5, A LA .
Rayburn F1 Gill'*' {5 JOR A4 bR 10 1) H6 22 5 2y
FISEIE pScl19 I+ He ik Ui, 45 R 7R pScl19 7
Wil /N FE 4A 2D 3D SD FA4 S B 4l 4 Ak ] DA
PP AR AEPE FISH 4 80, A AITAR 45 pSc119 #4153 2
(R38N 22 4A Ge Ak sy TR B 4] e A4 i
LR 1L 2E 5 (Aegilops speltoides) FNyb il 1l 26 5
(Aegilops sharonensis) [1)—/™ e (4R 53 1 1% B (1) — 5L
PE, SR 2 A RN P 4A Qe RN 4B, H 4A B
EARTE Z 5 /N 22 AT R T A R A K AR

5, XFF T Dvord k), Chen 25156 T~ 4A Yt 1411
B YE o Gill F Chen ™5 Ak — 20 1 3& T 1% 2% Ul o
Rayburn H1 Gill*" & B (5 11 3 2 1) 55 57 41 v
B pAsl v DURE st 5 35 08 /N 22 D 2 3 ta AR kAT %
A8, R ST TRl N 2 D A E D AR
(I iU

Jones Al Flavell” . Mukai “5 5 4 YL 44k C- 41
M DNA J7 51 2 (A28 R AT RS o0 M, KILK
H B[ —A> 480-bp HL & J7 41 5K TSI A Jefh {4
A FISH A 405 K7 C- Al 19 32405 A0 — 2
Mukai Z5E0R I pSc119.2 F pAs P 55741 AL
ORI ZAT, AL T /N 22 1K 7 A% A, mT LR 4
21 LGt ARTP ) 17 4> Pedersen S5V HIOK H K
F I pHvG38 5o % (GAA- TLEF 1) 1 LLAE K2 A/
AR DU S e N A g ek B AR S N- A58
A BB B . R pHuG38 Al pAsT I SR AL
23T, Pedersen Fll Langridge™ % 37 7 0] LA X 433 18 /)s
A 21 SR QAR TR A . AR NSRS A 5T
1, Schriock 25U H] 22 AN bRl AN [R) 28 PR EH 455 T
TR 7 B ERNL T v A 23 NSS4 gy (k
1 % {4, (6,15 4% A (multicolor spectral karyotype) , 1F Iffi
PRI 2280 A 5 B S M, R X R AR M)
PN R AL TR R B

PSP A B A AR R i BRI
A kM 78 o 3 K 22 B A R S e 0 5 IX P AR T 4L
X5 et 5D () G AR 1) 2 8 AR AT AN K T
FAHE DRI B AL [ 52 e SR T — R W] LA™ A e A8
R AN () 2 52 H BRI o] DAL= AR AN R 8 2 TR 28

ZAE G P VIBREH AR S A A ELZ (4 FISH  (di- or
multi-color FISH) 7 AT DL EE T vy 25 b 45 591 G AR 1)
S0
32 $HHARMELSHEEREE T E

SRR GG, B X A KU AR B
TH/NZZ AR Y (AR 70), EE sk DU T /N e e Ak b
BRI ST, KT 20 55 45 K4 728 S5 1R Wi 2847 A IR iff o
WM 73 TR EAR 0T LAAE— e R R BoReh oy
WA, HEMTE S AN ESF0 55
e & —IEIUM TR, i HEE AR S L, |
I T P AR B AR D % GISH H AR T DL sk
ARG AR AL, FFRTRG e AL Bk L By A 25 45 1)
A% e (RIS 5, A —FEOHE DA 2 R o e AR S 3 o IR
I, B — R G M 2 B AR S B R AN A2 LK
AU LR A R S R 1) B 3 3R AT v 20 RS 5 0
I AN B AN ER I IE S5, AT Lg%
T TAEIHMETE o
3.2.1 K ISH- 2 # & A 5 N R LA 5T,
ISH 54N [ (R B (AR 73 Al BORAE [F) N R e vh idb A7 4
4 T LUK RR 2 DNA 741 H 82 € O B4 BRI L 1] IX
B AR AERY Y, SXRP TR F E R IITK ISH Al
I B HERR AR, A LD R ARE T,
3.2.2 Ji K 4 # -FISH/GISH # A& Jiang 1 Gill ™
N/C 7347 5 FISH/GISH £ RS &, B %5 5E 4k
AN - BB QL EAR G, X ENRYR 45 -FISH/GISH
(sequential banding-FISH/GISH) 7 AN FH M2 (1) &
PCARIE . AR WK N/C 43+ -FISH #% K, Jiang il
Gill B4UE I3 /N A2 e (0 pk A I 2 3 4~ 188 +26SrD-
NA FER F AL AL, FEESR AR L0 3 HE /N 22 A
TERhES S ORI, SR T 245/ N 3280k
M) YRR . R X C 434 -GISH J77%, Zhong
LI MR N - R A AP A AR P ) AR 2 )
PR B K . BT, 7N SR S A R IE T TAE
o R 435 -FISH/GISH $2 AR O %5 /N4 - 26 %%
VIR Ty G AR B 03 1R — b s B g k09
3.2.3 Jii X GISH-FISH # A& GISH 1] LK #fi £ .5 A
W A7 A0, TS T T A4 1) FISH H2 AR AT DU 2 R e
Gk Bty g6 = 1A AL Y GISH-FISH 8k
GISH- XA FISH $EA W K e ke , 71 %5 o Py i ) G
ARG ISP R T EEAEH T, R IR
GISH- X & FISH #% A Jf 45 & SSR 5t 1% € 1% , Nagy
GRS TN - KEGN RN E KA 5
PR AOAR B Sy, RTINS - K32 G Ao i 4 ok
17T 93 FhRid &4
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3.2.4 F)i BAC-FISH 478 Bl 4 5| % & 1K 244015 fl
I3 RE AL LD 2 PRl 0l e AR I, g7 2%
Gt AR L A6 1) FISH {7 A% (landmark) J6 5 ) iff 52 4
AL R DNA J7 51 3 E R A sz s o
—ROkUL, ERFHVEELE— NMIFIA R G
I AT ATRL R ARMEAE R 25 ) B o AR S VAL AR o
MK T 10-kb 45 DUE SRS DU IR EHR MELEAE )
Gtk bR I T S 2228 M5 5 o BRIk, R & AR
Jv BB T 51 041 R s RN T R s (BAC B
YAC) TF R Ge oAy Sk FISH A7 AR 10 77 V2 NAB 1 A2
FE 52 T 45 S BAC SCEP A LAl L, Dong 251
TR T —3E 12 ) B2 Juto gy 7 I 40 M st %
2% DNA #5r it ” (chromosome-specific cytogenetic DNA
marker, CSCDMD , F| X CSCDM #xic il D Hix) 5S
rRNA JE[K (458 rRNA i RURT— A 4% 25 166 558 g ik K]
HEHAT T YAk @ A . 454 CSCDM £ 45, Dong 257k
K RE T YK GISH F1 BAC-FISH J5i%, % AR AT
DA 8 AMIR A AR By, 38 TT LU E P R A e
PRI E H CARBR Gy S g i A S o T AR A Y (A
T2 —A> CSCDM (ARl 58 , 11 KM T 4535 7l
FACVFZ IR FISH $:4F (ATIE 5 V0O, BRI U HSEH T/
Lo R IR 40 i 2
325 RFHEBEMAEL )77 FISH th & & & A ENFE
R, S SN G AR S A7 G AR R 5 45 %)
THEMERERAEF ELE. AMER ARG AR B/
2 SR A BT IR (A A B R DR A A R
HMELLRS o I3 -GISH A REE 1 500 [ 45 K978
FEIR N RGN G AR BU S AR, /N Ak
PR R ARIT I, GISH RLEKS 2 2 520 . Mukai
210 R 4y L ALD JE 41 DNA R 85 1 X (5
GISH #E3 /N22 [1) 3 AN Gt AR 2 X 43 Tk, JF 4¢3
LT 4A 5 7B Gtk b PRpRs etk g A . (RS2 i T
AD BRGSO R EOE, M GISH R I A
FRAR, 5 AR /A X 7 THT AR
ERE P IE A AR AE KR SRR R B P
A, 3K B AE AT AT DXl Sk, A T4 2200 X R
iR IX, A IS O TR SR B, XK R A 2 N
J 8 S5 B JRE ¥+ (retrotransposon) [T 41« | FH 4 B PE AR
G P AT FISH v] LU= 28 8L GISH 24425 5,
A DR G i e GISH BOR B BHA 2 H AR (1) R R
Lapitan 558 UK A W) 26590 1K pSc 119 ¥R%HH]
AW Nz - A Gy Fh RS P B AR v B R/
ST AN . R, Mclntyre 25 © X} pSc119.2 Fl
pScl19.1 BEAT T e Ar, RINEREN pSc119.1 1F %

Ptk BB AR SR IM 24285 5, H S B o A 7 /)
FYRAAR T AALMF T, K pSc119.1 J BFE Gt ik
LTI, LR RIB BN - A M S AN 5
R R G 5. Ko S5 R BE A b 43 2 th
Tyl-copia % i % e 55 % o 1 I 41 pSc20H, 7= 4= 1)
FISH 15 5 i A7 [ i L X A2 A 20 s [X DLAMI 43 e A2
Pt fk, Rt RO N - R EE S AL B AR 1) 2R
755

EZ, 01 DR 4 D KI5 5d /N 47 R AT ALB.
D JE R4 T A0 1 4 B P A 55527 A1 A XS IR 3 o Zhang
2L S R L 2E 2 (DD) 1) BAC 5o 9M 13 T3k
H R ki /N2 (AA) 18 BAC 16l 676D4 BEAT XD,
FISH, [FII X 50 T /22 1 3 AN Ytk 4L, Wi BAC o
B3l /N A2 D ALRT A AL ARy S 4 B, 7 AR S
AT DA A G AR 3585 5« FIHT 676 D4 iAWl
BT SR DU AN TR ) A-BLA-G FERIALR] )47
TR A Ee KPR b 2 T 7 5 B, A (] 35 DR A A i
AT T HE . TR/ - AN DA RS e o, B
FEFIER AL BAC-FISH A5 GISH. 7> . X
A AARIIAE LK Sy bR id A A Mg A A L g a
ARG &, P LR RS e TAE IR
4 BE

JEAL AR H ARG LI 40 S 10K, LEAE L R 41
WEF R A T EEAEM, ML+ DNA ZthRid It R
PR HAR O FRE ) 3 R A 2 R ) e 22 )
G PRI T o BEAE 5 2R3 R L)
TAERIRETT, KRt (s DI S k. HE,
HH I PR AR TR R B, AR G (A 2200 DX Sk X LA
T e e P A A DA W] et 2 7 AR K = IR
B gap”, 1M 7R A X 28 gap "7 A K 1K) — BN 1] HLATS AR
BANTT FISH $0R . Sz iil5ik Y FISH M85 a4 T
“Immuno-FISH”$; A, 12 1 A AE il B 41 25 B i 55 3k
AR IR R HELhEHEA SR ERT
IR ettty 5L R RIR A b o R 2
B9 BB JE ), Filon 45 FISH 78 ik K F BN A
R AR

S CHk

[1]  Gall JG, Pardue ML. Formation and detection of RNA-DNA hybrid
molecules in cytological preparations. Proc Natl Acad Sci USA,
1969, 63:378-383.

[2]  John HA, Birnstiel ML, Jones KW. RNA-AND hybrids at the cyto-
logical level. Nature, 1969, 223:582-587.

[3] Langer-Safer PR, Levine M, Ward DC. Immunological method for
mapping genes on Drosophila polytene chromosomes. Proc Natl A —

cad Sci USA, 1982, 79:4381-4385.



Chinese Agricultural Science Bulletin Vol.24 No. 11 2008 November

http://www.casb.org.cn

e Q() e

[4]  Manuelidis L, Langer-Safer PR, Ward DC. High-resolution mapping [22] Chen Q, Armstrong K. Genomic in situ hybridization in Avena saii—
of satellite DNA using biotin-labeled DNA probes. J Cell Biol, 1982, va. Genome, 1994, 37:607-612.

95:619-625. [23] Jiang J, Gill BS. Different species-specific chromosome transloca-

[5] Singer RH, Ward DC. Actin gene expression visualized in chicken tions in Triticum timopheevii and T. turgidum supports diphyletic o-
muscle tissue culture by using in situ hybridization with a biotinated rigin of polyploidy wheats. Chromosome Res, 1994, 2:59-64
analog. Proc Nail Acad Sci USA, 1982, 79:7331-7335. [24] Naranjo T, Roca A, Goicoechea A, et al. Arm homoeology of wheat

[6] Rayburn AL, Gill BS. Use of biotin-labeled probes to map specific and rye chromosomes. Genome, 1987, 29:873-882.

DNA sequences on wheat chromosomes. J Hered, 1985, 76:78-81. [25] Naranjo T. Chromosome structure of durum wheat. Theor Appl

[71 Reader SM, Abbo S, Purdie KA. Direct labeling of plant chromo- Genet, 1990, 79:397-400.
some by rapid in situ hybridization. Trend Genet, 1994, 10:265-266. [26] Liu CJ, Atkinson MD, Chinoy CN, et al. Nonhomoeologous translo-

[8] Lichter P, Tang CC, Call K, et al. High-resolution mapping of human cafions between group 4, 5 and 7 chromosomes within wheat and rye.
chromosome 11 by situ hybridization with cosmid clones. Science, Theor Appl Genet, 1992, 83:305-312.

1990, 247:64-69. [27] Tsunewaki K, Ogihara Y. The molecular basis of genetic diversity a-

[9]  Leitch 1J, Leitch AR, Heslop-Harrison JS. Physical mapping of plant mong cytoplasms of Triticum and Aegilops. II. On the origin of poly-
DNA sequences by simultaneous in situ hybridization of two differ- ploid wheat cytoplasms as suggested by chloroplast DNA restriction
ently labelled fluorescent probes. Genome, 1991, 34:329-333. fragment patterns. Genetics, 1983, 104:155-171.

[10] Mukai Y, Nakahara Y, Yamamoto M. Simultaneous discrimination of [28] Dvoia k T. The origin of wheat chromosomes 4A and 4B and their
the three genomes in hexaploid wheat by multicolor fluorescence in reallocation. Can J Genet Cytol, 1983, 25:210-214.
situ_hybridization using total genomic and highly repeated DNA [29] Chen PD, Gill BS. The origin of chromosome 4A and genomes B and
probes. Genome, 1993, 36:489-494. G of tetraploid wheats. In: Sakamoto S (Ed). Proceedings of the 6th

[11] Durnam DM, Gelinas R, Myerson D. Detection of species specific international wheat genetics symposium, Kyoto, Japan, November
chromosomes in somatic cell hybrids. Somatic Cell Mol Genet, 1985, 28-December 3, 1983. Plant Germ-Plasm Institute, Faculty of Agri-
ES71-577. culture, Kyoto University, Kyoto, Japan, 1984:39-48.

[12] Le HT, Amstrong KC, Miki B. Detection of rye DNA in wheat-rye [30] Gill BS, Chen PD. Role of cytoplasm-specific introgression in the
hybrids and wheat translocation stocks using total genomic DNA as a evolution of the polyploid wheats. Proc Natl Acad Sci USA, 1987,
probe. Plant Mol Biol Rep, 1989, 7:150-158. 84:6800-6804.

[13] Schwarzacher T, Leitch AR, Bennett MD. In situ localization of [31] Fricbe B, Jiang J, Raupp WJ, et al. Characterization of wheat-alien
parental genomes in wide hybrid. Ann Bot, 1989, 64: 315-324. translocations conferring resistance to disease and pests: current sta-

[14] Heslop-Harrison JS, Leitch AR, Schwarzacher T, et al. Detection and tus. Euphytica, 1996, 91:59-87.
characterization of 1B/IR translocations in hexaploid wheat. Heredi— [32] King J, Armstead IP, Donnison IS, et al. Physical and genetic map-
ty, 1990, 65:385-392. ping in the grasses Lolium perenne and Festuca pratensis. Genetics,

[15] Mukai Y, Gill BS. Detection of barley chromatin added to wheat by 2002, 161:315-324.
genomic in situ hybridization. Genome, 1991, 34:448-452. [33] Khrustaleval LI, de Melo PE, van Heusden AW, et al. The integra-

[16] Leitch AR, Mosgoller W, Schwarzacher T, et al. Genomic in situ hy- tion of recombination and physical maps in a large-genome monocot
bridization to sectioned nuclei shows chromosome domains in grass using haploid genome analysis in a trihybrid Allium population. Ge-
hybrids. J Cell Sci, 1990, 95:335-341. netics, 2005, 169:1673-1685.

[17] Leitch AR, Schwarzacher T, Mosgoller W, et al. Parental genomes [34] Landegent JE, Jensen in de Wal N, Dirks RW, et al. Use of whole
are separated throughout the cell cycle in a plant hybrid. Chromosoma, cosmid cloned genomic sequences for chromosomal localization by
1991, 101:206-213. non-radioactive in situ hybridization. Hum Genet, 1987, 77:366-370.

[18] Le HT, Armstrong KC. In situ hybridization as a rapid means to as- [35] Selleri L, Hermanson G, Eubanks JH, et al. Chromosomal in situ hy-
sess meiotic pairing and detection of alien DNA transfers in inter- bridization using yeast artificial chromosomes. Genet Anal Tech Ap-
phase cells of wide crosses involving wheat and rye. Mol Gen Genet, pl, 1991, 8:59-66.

1991, 225:33-37. [36] Viegas-Pé quignot E, Berrard S, Brice A, et al. Localization of a

[19] Yu MQ, Deng GB, Zhang XP, et al. Effect of the phlb mutant on 900-bp-long fragment of the human choline acetyltransferase gene to
chromosome pairing in hybrids between Dasypyrum villosum and 10q 11.2 by non-radioactive in situ hybridization. Genomics, 1991,
Triticum aestivum. Plant Breed, 2001, 120:285-289. 9:210-212

[20] Kenton A, Parokonny AS, Gleba YY, et al. Characterization of the [37] Lawrence JB, Singer RH, McNeil JA. Interphase and metaphase reso-
Nicotiana, tabacum. L. genome by molecular cytogenetics. Mol Gen lution of different distance within the human dystrophia gene. Sci-
Genet, 1993, 240:159-169. ence, 1990, 249:928-932.

[21] Jellen EN, Gill BS, Cox TS. Genomic in situ hybridization differenti- [38] Inazawa J, Ariyama T, Tokino T, et al. High resolution ordering of

ates between A/D- and C-genome chromatin and detects intergenom-
ic translocations in polyploid oat species
1994, 37:613-618.

(genus Avena). Genome,

DNA markers by multi-color fluorescent in situ hybridization of
prophase chromosomes. Cytogenet Cell Genet, 1994, 65:130 -

135.



P@DLFER FH2446 FH 111 20084 11 H

http://www.casb.org.cn

u9‘1-

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

Ried T, Baldini A, Rand TC, et al. Simultaneous visualization of sev-
en different DNA probes by in situ hybridization using combinatorial
fluorescence and digital imaging microscopy. Proc Nail Acad Sci
USA, 1992, 89:1388-1392.

Jiang JM, Gill BS, Wang GL, et al. Metaphase and interphase fluores-
cence in situ hybridization mapping of the rice genome with bacterial
artificial chromosomes. Proc Natl Acad Sci USA, 1995, 92:
4487-4491.

Flavell RB. Repeated sequences and chromosome evolution in plants.

Trans R Soc Lond B, 1986, 312:227-242.

Dvorik T, Zhang HB, Kota RS, et al. Organization and evolution of
the 5S ribosomal RNA gene family in wheat and related species.
Genome, 1989, 32:1003-1016.

Mukai Y, Endo TR, Gill BS. Physical mapping of the 5S rRNA
multigene family in common wheat. J Hered, 1990, 81:290-295.
Mukai Y, Endo TR, Gill BS. Physical mapping of the 18S.26S rRNA
multigene family in common wheat: Identification of a new locus.
Chromosoma, 1991, 100:71-78.

Jiang J, Gill BS. New 18S-26S ribosomal RNA gene loci: chromoso-
mal landmarks for the evolution of polyploid wheats. Chromosoma,
1994, 103:179-185.

Li WL, Chen PD, Qi LL, et al. Isolation, characterization and applica-
tion of a species-specific repeated sequence from Haynaldia villosa.
Theor Appl Genet, 1995, 90:526-533.

Cheng ZK, Buell CR, Wing RA, et al. Resolution of fluorescence
in-situ hybridization mapping on rice mitotic prometaphase chromo-
somes, meiotic pachytene chromosomes and extended DNA fibers.
Chromosome Res, 2002, 10:379-387.

De Jong JH, Fransz P, Zabel P. High resolution FISH in plants - tech-
niques and applications. Trends Plant Sci, 1999, 4:258-263.

Trask BJ, Massa HF, Burmeister M. Fluorescence in situ hybridiza-
tion establishes the cen - DXS28(C7) - DXS67(B24) - DXS68(L1) -
tel in human chromosome Xp21.3. Genomics, 1992, 13:455-457.
Heng HHQ, Squire J, Tsui LC. High resolution mapping of mam-
malian genes by in situ hybridization to free chromatin. Proc Natl A—
cad Sci USA, 1992, 89:9509 - 9513.

Fransz PF, Alonso-Blanco C, Liharska TB, et al. High-resolution
physical mapping in Arabidopsis thaliana and tomato by fluorescence
in situ hybridization to extended DNA fibres. Plant J, 1996, 9 (3):
421-430.

Jackson SA, Wang ML, Goodman HM, et al. Application of
fiber-FISH in physical mapping of Arabidopsis thaliana. Genome,
1998, 41:566-572.

Jackson SA, Cheng ZK, Wang ML, et al. Comparative fluorescence
in situ hybridization mapping of a 431-kb Arabidopsis thaliana bacte-
rial artificial chromosome contig reveals the role of chromosomal du-
plications in the expansion of the Brassica rape genome. Genetics,
2000, 156:833-838.

Mesbah M, Eden JW, de Jong JH , et al. FISH to mitotic chromo-
somes and extended DNA fibres of beta procumbens in a series of
monosomic addition to beet (B.vulgaris). Chromosome Res, 2000, 8:

285-293.

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

(721

[73]

Ohmido N, Kijima K, Akiyama Y, et al. Quantification of total ge-
nomic DNA and selected repetitive sequences reveals concurrent
changes in different DNA families in indica and japonica rice. Mol
Gen Genet, 2000, 263:388-394.

Wolters A-MA, Trindade LM, Visser J. Fluorescence in situ hy-
bridization on extended DNA fibers as a tool to analysis complex
T-DNA loci in potato. Plant J, 1998, 13(6):837-847.

Jin WW, Melo JR, Nagaki K, et al. Maize centromeres: organization
and functional adaptation in the genetic back ground of oat. Plant
Cell, 2004, 16:571-581.

Appels R, Driscoll C, Peacock WJ. Heterochromatin and highly re-
peated DNA sequences in rye (Secale cereale). Chromosoma, 1978,
70:67-89.

Rayburn AL, Gill BS. Molecular evidence for the origin and evolu-
tion of chromosome 4A in polyploid wheats. Can J Genet Cytol,
1985, 27:246-250.

Rayburn AL, Gill BS. Molecular identification of the D-genome
chromosomes of wheat. J Hered, 1986, 77:253-255.

Rayburn AL, Gill BS. Isolation of a D-genome specific repeated
DNA sequence from Aegilops squarrosa. Plant Mol Biol Rep, 1987,
4:102-109.

Jones JDG, Flavell RB. The mapping of highly-repeated DNA fami-
lies and their relationship to C-bands in chromosomes of Secale ce—
reale. Chromosoma, 1982, 86:595-612.

Mukai Y, Friebe B, Gill BS. Comparison of C-banding patterns and
in situ hybridization sites using highly repetitive and total genomic
rye DNA probe of ‘Imperial” rye chromosomes added to ‘Chinese
Spring” wheat. Jpn J Genet, 1992, 67:71-83.

Bedbrook JR, Jones J, O’ Dell M, et al. A molecular description of
telomeric heterochromatin in Secale species. Cell, 1980, 19:545-560.
Appels T, Dennis ES, Smyth DR, et al. Two repeated DNA sequences
from the heterochromatin regions of rye (Secale cereale) chromo-
somes. Chromosoma, 1981, 84:265-277.

Pedersen C, Rasmussen SK, Linde-Laursen 1. Genome and chromo-
some identification in cultivated barley and related species of the
Triticeae (Poaceae) by in situ hybridization with the GAA-satellite
sequence. Genome, 1996, 39:93-104.

Pedersen C, Langridge P. Identification of the entire chromosome
complement of bread wheat by two-color FISH. Genome, 1997, 40:
589-593.

Schrisck E, du Manoir S, Veldman T, et al. Multicolor Spectral Kary-
otyping of Human Chromosomes. Science, 1996, 273:494-497.

Endo TR. Complete identification of common wheat chromosomes
by means of the C-banding technique. Jpn J Genet, 1986, 61:89-93.
Gill BS, Friebe B, Endo TR. Standard karyotype and nomenclature
system for description of chromosome bands and structural aberra-
tions in wheat (Triticum aestivum). Genome, 1991, 34:830-839.
Hutchinson J, Seal AG. A sequential in-situ hybridization and
C-banding technique. Heredity, 1983, 51:507-509.

Jiang J, Gill BS. Sequential chromosome banding and in situ hy-
bridization analysis. Genome, 1993, 36:792-795.

Zhong SB, Zhang DY, Li HB, et al. Identification of Haynaldia vil-

losa chromosomes added to wheat using a sequential C-banding and



u92.

Chinese Agricultural Science Bulletin Vol.24 No. 11 2008 November

http://www.casb.org.cn

[74]

[75]

[76]

[77]

(78]

[79]

genomic in situ hybridization technique. Theor Appl Genet, 1996,
92:116-120.

RN TE AR e g, A — N AR T S /N 2 - IR AN L)
RGO K R 2 1 AR 3 AR 22 F 5. A 2441, 2007, 33(9):
1432-1438.

Castilho A, Miller TE, Heslop-Harrison JS. Physical mapping of
translocation breakpoints in a set of wheat-Aegilops umbellulata re-
combinant lines using in situ hybridization. Theor Appl Genet, 1996,
93:816-825.

Dong FG, McGrath JM, Helgeson JP, et al. The genetic identity of
alien chromosomes in potato breeding lines revealed by sequential
GISH and FISH analyses using chromosome-specific cytogenetic
DNA markers. Genome, 2001, 44:729-734.

Ribeiro-Carvalho C, Guedes-Pinto H, Heslop Harrison JS, et al. Intro-
gression of rye chromatin on chromosome 2D in the Portuguese
wheat landrace ‘Barbela’. Genome, 2001, 44:1122-1128.

Nagy ED, Moinar-Lang M, Linc G, et al. Identification of wheat-bar-
ley translocations by sequential GISH and two-colour FISH in combi-
nation with the use of geneticallly mapped barley SSR markers.
Genome, 2002, 45:1238-1247.

Song J, Dong F, Jiang J. Construction of a bacterial artificial chromo-

(80]

(81]

(82]

(83]

(84]

[85]

some (BAC) library for potato molecular cytogenetics research.
Genome, 2000, 43:199-204.

Dong F, Song J, Naess SK, et al. Development and applications of a
set of chromosome-specific cytogenetic DNA markers in potato.
Theor Appl Genet, 2000, 101:1001-1007.

Lapitan NLV, Sears RG, Rayburn AL, et al. Wheat-rye tanslocations:
detection of chromosome breakpoints by in situ hybridization with a
biotin-labeled DNA probe. J Hered, 1986, 77:415-419.

Mclntyre CL, Pereira S, Moran ZB. New secale cereale rye DNA
derivatives for the detection of rye chromosome segments in wheat.
Genome, 1990, 33:635-640.

Ko JM, Do GS, Suh DY, et al. Identification and chromosomal orga-
nization of two rye genome-specific RAPD products useful as intro-
gression markers in wheat. Genome, 2002, 45:157 - 164.

Zhang P, Li W, Friebe B, et al. Simultaneous painting of three
genomes in hexaploid wheat by BAC-FISH. Genome, 2004, 47:
979-987.

Jiang J, Gill BS. Current status and the future of fluorescence in situ
hybridization (FISH) in plant genome research. Genome, 2006, 49:
1057-1068.



