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DT AR R L EARGF 09 % & KA AR (MFISH). € N8B AR 42 4 B 3 M R AL LI
I EIRFT, RALE A, M-FISH #v SKY ¥ VA L6478 f ERR LIRAT L AL
B, ZH B E TR R At F ik b, SN AP AL Gk R AT E A AT, e A
ZeAA) | HAATIR L GAK, B T B ARG A W A7, FISH- 8% 54744 KA FISH
AN Kb, LR BT A % Sorb f EAR AR 00 e EAR T R IR, F69% 8 L 89 FISH- 9 A7 H AR

AR, LRI R

8., FISH- 2% 5473 AR 2 R i 8 Fitib A 4%,

R HREE T & DNA #5309 R,

B FHELEH, RRH®EZE
A M F VA BRAZEE M OB R, ) B AR

JF 2. T ARNRIG a4k 00, RARA B A6 T A,

KR

H 1981 & %¢ YR A7 2428 (fluorescence in situ
hybridization, FISH)# A7k LUK, B AR AW & JE,
T — R2AFGEA, b A R R A
22 80 AT A MY S 44 4R 4 (chromosome painting)
R, BAEAAT AT ALE 21 B A oo 38 4% e £ 1k (G
O ARIR YY) I AR XA T M S . LSS, PG BT
P} cyanine (IR I HEHFRICEAR LUK B 53K
B B B R RJE, 19964 TF R I T s A &
MY % {4, -FISH(multicolor-FISH, mFISH)f A, Bl %
TCH NG 24 4Z (multiplex-FISH, M-FISH)YAR1E i 4%
#4453 H7 (spectral karyotyping, SKY)?, % {7 -FISH $
ASEAEARES 0K 2 AR I R 7, FF ik T SR g
J¥, e AT LA A [ (0 e i 2 00 A2 24 %
Pu B A (22 Sl YR RN 2 g E) . RIS, A
MIAEBESERE L AW G BT, (R T R BRI HER T
K% & -FISH K, I FISH- &4 447 (FISH-banding
techniques). XLEH R KHUHESD T 7) - 40 Mo g%
R R

% {4, -FISH $i R JE P55 FISH H AR A A, 2R H
R I G AR B AR 2898 Y6 YRR L I A% BRI
FEREAT R0 K T L 2828 X AI/E T 2 6 -
FISH B AR R A6 5 mT 4 il 5 A8 24 R et fk
G MAE bRc i g R B AR5 (T M-FISH #

2 ICFICIRAL AT ; SRR 0 M; FISH- B 70 47 40 it

U An I s 5B A AHEDNAFEEN 98 bR il
! |
HUDNAPE R T b PREF APk i
N 7

PREN T BEDNA S A

}

PRl

i

Pel 452 RS0 93 Mt

E1 %&-FISH Z3RiE

SKY) B 4L ARV X I8 8R4+ (F F FISH- 271 70 #T), 1iX
SEPRE - FH 15 - SEA% R 5 |9) -PCR(DOP-PCR)
HREHIE . M0 -FISH fEARmMAEWE 1 Frx.

1 Z&-FISHERBMER
1.1 M-FISH

M-FISH AR 2 FISH £ A A e il F2 v i — Kt
Ao BN S R GR, A S bR, A G
OAIRGAERES, 85 O RRPIR IS (0 S AL,
ST e BB R T IR RS, 43 &R

Wik H #H: 2007-05-28 %52 H I 2007-08-09
b3 T A E 4 9 Bl IR H (No.0SZR 14067)
* FINE . Tel: 021-65790000, Fax: 021-65153984, E-mail:
shenlei801@126.com

EH R RS A R RIBAUK R, LSRR TEE  Tel: 021-31263268  www.baolor.com



854

Bk

T IR, e N 24 S Y (AR (22 50
YL tb R 2 VYR 23 ilbs AR B, M-
FISH 14 B0 35 AT 55 -, MERIRIE T A9 gkl
B IR VR RO U1 S I S GAVDIREAE7 M/ S SR 1y
1 T B 96 G R o g

I M-FISH AR W78 #1471 320 kb~2.6 Mb
Z AP Sy b M-FISH 45 R 70 (g a4k
WA T e B AR R S E BN s bR R R
LRI SRR MO A RRED I T AT )
B Sk FISH(armFISH)#. ik M-FISH (telomere
M-FISH, M-TEL FISH)"!, W ¥ #2 % M-FISH (subcen
M-FISH)61, 742 k4 5PE M-FISH (cenM-FISH)!
BRI, A M-FISH # R 7p gt —Bide, e T
JLAE R R AT RLIF ey 1 R
1.2 JiE%E 5 H(SKY)

SKY tH A% DL AR e 4 (A3 PR Sy
BpSE SO % 5 NI DS R VAL 7 G SN ER T d'd
P IR RN vk, IR A A A AT WOk AT
CT AN P BT AT 2 A SR 03, DRI mT LA ] 22 4
T (1) 98 B RS, 1) M-FISH 1 il AT
Sy AT il 1. M-FISH 1 H UsE 45 ¢ ¥ (charge
coupled device, CCD)REE AL 50 5 o gkt ist
TTECF AR, SR r it v HLR AR BRI
Ko ARG, XA AR E BT, BEARG R
Poi L HEA A R Tt o e AeRIASIH] iy S5 s AN ] €5
K9, SKY n:H5 CCD 1% 55 Fuorier JG %47 45 &k
K, FIR-=AS T AR5 8T CCD 5y L REAMG 3
Mt PO AR)TII I VST LR T R X e
WEALRR, fp AR - G A IR W R 0 2120100,

SKY BERR ) ks e (ARG Ha) FIVER H 5048,
Sl AT AR 0 s/ el B2 A R A, BRI S (S A 1)
SRS, T I AN i G (AR AR (1) 4 A, A1 B A A
HLIBAE AT AL B AT HITR 1T
1.3 FISH- BHF 5K

JLAY SKY LU A M-FISH $5¢ A ni] LAFRI H A% 25 G
oA LA 2 BT AT AN IR () B s B 58 e et A
GEAR AH L IX A T VL AR ) B AR N B, G
T VW) A v RIS A A, (04N, EE &, Bl i A [a] Bt dik
K, I ELASGERS 0 Huiff o A CAR R TR A, A 1Ak
SHAT G ) AT B0 PO Y 0 A B B U8
(P FATA AL CRE LA (B A Dy PR, 20 HRRAICT G- bty
SIHTHEAR . ik, BEEFANE A £ A -FISH 4
filh, LR A HHOBT IR G (0 A4 Wl 1 4 R——FISH- ity 70 Hr

/N H (DX R
ELORTR P (1) FISH- Wity 20 bR, IRV EH A1) b
LB, R 2 (R (IR i i e AR . 2
(78 SLRRON TR P N A IS AR NI S [ S N b O
SR A BT IR 55 20 HE FISH- W50 M oA, Jx it
FEARDEER] TG g (R0 BT, ST (R hé R, 4T
EAUR RN TS & NS A S (O TR T

1.3.1 % &% &R A K (multicolor chromo-
some bar code) EALY QURLN HIZUE Y AL LT
LR 2 (o -FISH Wi 8 A, &A1 W X DN A 5
Bt XSRS U R T2 e bl iR A e -
L, TR Qe (URAR AT 7 IR 8, di 4 T 243 31 2 B
AR 402 JLAREF R T RERE N LY 4k
(YAC) v B i 442 v B (fragment hybrids) () Alu-PCR
. Hob G- Ao B A LG, ATIR 2 040 B,
S I )45 1L LA DNA EF1) A Al 2005 9 i AR 1)
AN RN, AN I LA G (O A iyt 1l
Fefill; 5, A N0 L EFEAN B DNA #3413
FIT AR EAR BT O, RER N ARG,
THE ISR R, e s T I R . A
A0 S i R T TG WA 2 Sl LS
2~7 P AT Lm0,

FA AR G T G AR IHRA, JFH TR P

PN SERENEIPIPASER NI TR R NPV A L & N S B3 N
AR AP A 7e e IRIE, UL A Alu F 4207 4)
PREE, 10 Alu TR TH) B AT 1 K504 DNA
H BT BA S AT LUK 5 R - s A s A AT
7T Miiller S0 HRZEE AR T N KL KPEFRAE
IR SR ZL, AR SE T LR b5 0 BT AR I K
FIEHE, TR T R Kt b ikl
T

1.3.2 R FE &+ 5 A R (cross-species color
banding, Rx-FISH) ¥ U TE ¥ NS ]
HHR A cross-species color segmenting!'®!) -~ -Ffi{ii
R g o ORI SR 00 BT N S U (O AR R 1R 43 BT
Jiikie KRk DNA FIA K DNA {1 98% 1[5y 41,
THR A - NG gk, KO R g (0 R AT 32 10
He20-221 3 Fha S YR LA 25 75 Jridibric 26 4%
KRG AR, R Y AR As, ) B 7 Rhiifa .
ZFAR I P AR (AT A% 7 80~90
gtr, fEE- 2P IMR BT, 0 HERIA ST 100~200 %%
AW S ARG LA (T g M il i S5 o T AT LE
Rx-FISH 73 #7 o7 1) (R % (B AR i AR 1 o,

Vi ISR, HI SR AlK R 5

Tel: 021-31263268

www.baolor.com



PRI 2 (0 -FISH $AR IR S iy 1/ BB L i

855

HOR X Bonf AR W Sib, ATTEE 5 14 37 A
MIRZ R Sr Tl Yot g L, Ll 1% A B H AR 5
S AR B PR TR S A2 16, S
AT X SR E AL, AT I 5 5 kG R Ts).

Rx-FISH %A [n] G (A 4 2 i) L) 4% AS it M-
FISH/SKY B, A4 el DX Bk 45 9 25 1l B 22 11
M1y, Rx-FISH %) 4 (0 A N oAy R A4 . 1%
FOR T ZH] IR AN £ "7 S b9 M M st % 2%
WESL, Tl 1 NI R R Jee G (AR TR LR o AT 08
1.3.3 % & %4 » #4 K(multicolor chromosome
banding, MCB) EQURTE I TS NN 15|
mBAND) 0 L1 46411 K Lok Y 044 X ek
SR BEIEA P IX 7 o SH AN DL S D) E] SO
Hefilh, MR SR S DNA Y D EREE, HI9OE
JEREA JEUEA P AN AR, SR 5 A AR AR A A T A%
A, IR R AR AT 0 BT 2R 458, MR- e ik 198 i
JEETRT 08 A B B (0 A DX 2 L AN [R] ) €%
Chudoba “2Ua LRI T 5 s tafk, 148 7
N 23 A5, r iR A 3] 1 500-band /Ko

HOAR G YL (ARG A LL, 5 AT 4k o

I
HERARAK, 0y LIRS RGO R W R
o Rx-FISH $E A A P15 AN A ] A £ IR 4 4%

ﬁ.\

L

(RERER ET 5 FISH S0, v AR 81 547 N4
(AR A R, O L URETS 21 81 AN B, it
KT 2 10 WAl K R IR IA I 70 %

IR, 2 (O WA HT B RABAT IR B, gy HE
ANi, PSR AN IE Y G- A B e A — 8l R
JEA T AHHEAR P9 G N #E I 4 (fluorescence flaring) 4y
IR E I NHE S . M, 20 WA BT bR
A A3 AN g S A AL I e (AR AR TR R T - 4B
BAte EAE P SR B S IRZ W R ) e TR
MM A2 Wb AT KT o P AR B AN
S LA R T LSl DUORS A A A % (0 Ay A2 iy
E Y AL
1.3.4 2% FFELF 5 HH K (multitude multicolor
chromosome banding, mMCB) EA W AURTA N}
FORIEAL Z (0 WA 73 M B4R (multicolor chromosome
banding, MCB)[MALAl [ ke iR, %4 AN
138N U A4 MR D) Il e 1 NS G (ARG D) ) S
(0 R, M NRER R4, H S R Uk bRl
HEAT FISH 442, Wali JEr Ao el i - IdAE b x)
3 2 IR G L PRI A5 R4 1P 1R 4L 1) 2K, R il 1
HSE AT 8T Ak Ml R I A T B b o 1 7 0 491

1.3.5 ki & o # (spectral color banding, SCAN)

SCAN S AT EIHE AN G- i e fx 1)
B g%ty — BUR G (R DI, 10 LAORCIE, SR PR AR
[AI£11 DNA e f2lifbix 2 ) B, FIH] DOP-PCR Jx
VR IX G By Bl A T4 S8 R R b, R A D Bt
R S MR YR e, 1UE1 7 FISH 9256 . SCAN Jit
FH G % 20 BT BB LG SKY AT ), 111 RS Sy ¢ e e
B A REME— 10, B 28 AT ok A 11,
IXFE, B SKY T S B 20 B 7511 SCAN, &
] LU A A3 H 7 A AR e AT I S AR SR Al e

Kakazu 27 HiZ 4 R 730 H7 T G- Wrid s SKY ¥
A SE A IR AL AR (AR S R AL AT LA
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The Progress in M-FISH and Its Applications in
Molecular Biological Medicine

Yue-Juan Xu, Lei Shen'*, Peng-Jun Zhao
(Shanghai Children Medical Center, School of Medicine, Shanghai Jiao Tong University, Shanghai 200127, China;
'Institute for Pediatrics, Xinhua Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai 200092, China)

Abstract Classical banding methods, such as G-banding, provide basic information about the identities and
structures of chromosomes on the basis of their unique banding patterns; remain the techniques of choice for the
initial screening for karyotypic abnormalities. However, sometimes chromosomal rearrangements involves seg-
ments too small or too similarly banded to be detected or described adequately by these techniques. Multiplex
fluorescence in situ hybridization (M-FISH), spectral karytyping (SKY), and related FISH-banding techniques are
chromosome-specific multicolor FISH techniques (mFISH) that augment cytogenetic evaluations by providing ad-
ditional information and improved characterization of aberrant chromosomes that contain DNA sequences not iden-
tifiable using conventional banding methods. M-FISH and SKY are based on cohybridization of combinatorially

labeled chromosome painting probes with unique fluorochrome signatures onto human metaphase chromosome
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preparations. The difference between them is the image acquisition and analysis. They can give rapid analysis of
metaphase spread even in complex cases with multiple chromosomal rearrangements, and identification of marker
chromosomes. FISH-banding techniques were recently defined as “any kind of FISH technique, which provide the
possibility to characterize simultaneously several chromosomal subregions smaller than a chromosome arm. FISH-
banding methods fitting that definition may have quite different characteristics, but share the ability to produce a
" DNA-specific chromosomal banding”. While the standard chromosome banding techniques like GTG lead to a
protein-related black and white banding pattern, FISH-banding techniques are DNA-specific, more colorful and,
thus, more informative. FISH-banding methods have successfully been applied in research in evolution- and radia-
tion-biology, as well as in all studies on the nuclear architecture. Moreover, their suitability for diagnostic purposes
has been proven in prenatal, postnatal and tumor cytogenetics, indicating that they are important tool with potential
to partly replace the conventional banding techniques in the future.
Key words M-FISH; SKY; FISH-banding; cytogenetics
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