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Application of ND-FISH in amphibians
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Abstract: The recently popularized non-denaturing fluorescence in situ hybridization (ND-FISH) is a new technique that is both
quick and efficient, in part because denaturing of both of the probes and the chromosomes is unnecessary. Synthetic simple sequence
repeats (SSRs) labeled with fluorescein are used as probes to detect SSR-enriched chromosome regions and provide markers to
identify the chromosomes. To date this method has not been applied to amphibians, even though the polymorphism of the distribution
of SSRs may help to advance genetic polymorphism research. This paper also improved the double-colour FISH method by
simultaneously using probes labelled with fluorescein and probes labelled with DIG to get double-color signals. This study found 5
SSRs markers that may be useful in the polymorphism research, and that the amphibian chromosomes must be denatured in
ND-FISH.
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with 2 AN — H A AEY E R A
5 o 1M 40 LIS AR K 1) 22 A T 5T — R A C e
Ag 7T BYHER RN ST 2448 H K (fluorescence
in situ hybridization, FISH) . #HX} T4 A, FISH
NG 7 s i e Y N O = S N 72 s =
(ARG FER 73 2 o AR BRBE SRS AL I EAN ]
FISH [#REF 7] 432 3 MR AL (1) 285 DUEE D HRET
WIAZHEAR RNA LN 18R (ISEREREN S, IR bR
g TOhRe e, AN F R Z L, T

Wk H T 2013-07-19; B2 H: 2013-08-07

TR A 2244815 5, 1t 18S tDNA, 4k
FIEERSE . (2) i EEFAIERE, WALk, b
Wi HERES , WFLSIYI Al P A 5ER S, X R
B ARG AR Clnsighs 7 7109 HU2 5 1
FEE 6 BAEERD, ARim TR AR EZ
UL, BERRARE, PrRAZeAC s SRR e, A
FEANI AR (3) MR P HIEREE . F/ eioK i Broe b
(Fosmid. BAC %), P fhfe kSO, KR4
DNA %54l 2% (8% (Huan, 2009).
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ND-FISH (non-denaturing FISH) J&iT JL4F %
LI —FPRE AR, A I 5 258 I LA
AN, FEERMTDETH], R E 7y EE
(SSRs) o FREF A I 15~20 bp I BAREIE . Al I |
AR IEER DU I R A . B AR )T )
T EZAED IR R (Hamada et al, 1982).
BERWHBAREM 2R SELZENE (Amos et al,
1993). H AT JL+2JL i A0 i il A2 51 il 1
HAEAMARRI 280, 1ERrFhad) 2 N H T
R FERARIL . REUKE S 2 AT .
BRI P RO AR FE AR M G o AR R
JMSSRsIIAE ST, EATTAT EAPRH 45 75 2SSR ' R %
O AAIX 3 (Cuadrado & Jouve, 2010). ND-FISHJ&
THHAZIE, 15~20 bpIDNATRER Bl A7 2t
H, I H A AEEDNA, DRI E 58 6 S5 2% A8
HORN T B0 G AR RIERET AT AR, AN TG RN
Yook, XASRNARSA A ), W SR
ND-FISH H1 T ANl SO0 Qe AR AT ARV, et ik
TESF B TARUF AR, T [A]— 20 2440 L &

AR 7 HMND-FISHA R ET fRIE
TSR iR .

FERT AN HIREST T, SSRsHREME R . Tk, i
LI N VDS S K | W R P Sl SR THER S
SR 58 (Cuadrado & Jouve, 2010). 7 KZZ2Hodeum
vulgare NH.bulbosum ¥ 5T, SSRsERET Ay Ge 4
U AL T AR, Hoh CACT) s 15 5 1E
H.vulgare 7%} Rl tafh e i B 2 2450, wTe
TEBT AT Y k. (AAG) s Al (ACT) sHAS
PREFIE N H. vulgare ssp. spontaneum - —Mk RS S
Pt Ak 575 JL AR A B G A B T AR IC . BTAATE
W5 L 0 AR B 25 FNC oy 55 28 AN M 2 00T 50 5 DA A H.
bulbosum; &H. vulgare i g, Hmg—gHAR 41,
11 Hordeum  Ja& 3 Ay 42 ot i) L £ ) = “H AL R 41
(Carmona et al, 2012; Linde-Laursen et al, 1997), {H&Z
(AG) 1~ (AAG) 5. (ACT) sfll (ATC) sffyND-FISH
gE JLH B RH. vulgare ATH. bulbosum % a1 44 I
SSRsI¥ oA AR KA o IXSZHE T 55— FhAH & (1)
5, #75H.vulgare F1H.bulbosum(f)ir &k e 247598
FAAEA, S REE (f FHISSRsIND-FISH A LU &
SR B BRSEEAEE (Carmona et al, 2012).

TEMRNEN P, MRS PR IR ke = 2 AR P T
M. TDNA S5 HIMEREF PRt 2 1A BAR
A, HBEHRRAN A AR, XAE 3 AT P S ) A

WL7K gt At 22 A8 PR BIE ST+ 20 IR HE o 76060 R Bk R}
Aplastodiscus J& % L AAREAL BT, AiFFEE AT
T o R AE N > T hRd, fE AL perviridis F1A.
callipygius ', bR EF 2458 T BT A B AR 1K) i 8
1M AE A. leucopygius ¥ 3 5 Je (A (1) 35 22 Fir X I A 3
T WKL) (ITS). fE A. arildae 1 A. eugenioi
(RZRAZ g5 Kb, Py Ge AR i b A 22 R 15
5 (Gruber et al, 2012) . FEBRIRIE )2 R AT AL
PIEF7T, 5S tDNA #4155 M ELAE 1 5340
b, sk SIERET AL T A e (g, AE
WA AR R 2] 1TS (Qing et al, 2013), H 2,
XL R R T AT 2R 23851
ARFFEAR T ND-FISH 76 PRS-
(1) FRATPEH F Y SSRs FEM MG R AT IE, 13
B RAE G O ARG 2 ST RIARIL, TR T A
RGOARVUNFIEL 2 BT, (2) B2 HoAh
K, ND-FISH HARLEPINGZE S, et fRminias Pk
ZJEA MU RIRAEAE T . (3D HbAk, AT AL
FATURAEREAT T ORI e, 23 [R] I e
PR R bR e IR, BESR T P R A T S N )
VEME S OGRE S, HAERA OS5, AT IAT TR

1 #RFITTE

1.1 BLYHEEEERGE

Bk B T DY ] M R RO B (Quasipaa
boulengeri) MAl e B ta ik . BIE HAT 247 235
NG, o3 AT DX T IR0 23 R o I 28 22 F A 20 o
Qing etal (2012) 7ERFFTHILRILT 5 Ptz 2,
15 H1 6 5P Yt pRAH B G 7 1 e T LS5 ML
AL, PR ORI AR R AT, 1SR 6 Y
AT ) R X R RN X /N[ R o e Y tadas, ]
X8 A MM/mm. II-V # (MM/mSt. MT/mm.
MT/mSt. MT/StSt) 1, =51 5. =6 5, =1 Fl
6 TR AW S BN G AL 5 T ) e T S Ak
F1 1 29 A AR ARy B2 9 AT DX e g 358 0 P B
TR 2 AR B KA DAL T Bk,
MAFE R ARNZE M, WL hR AR %A
RAEGLIG T RUZ AN

A 2243 ZOM K F B E 40 M 4% (Schmid et al,
2010). il LF I b A T iR 1 2~4 K5,
2 70%- 90%- 100%[1IPRE BRI MK G, T 100%
(RIS RE 20 C A7
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1.2 SSRs #0 5S IR$THIS B

SSRs %It Fig %42 (invitrogen) &1k, 7
G AN 1,

5S #REF A1 DIG #id, 1 PCR LS k. 5S IE
11514 5'-GCCTACGGCCACACCAC-3', JIa 5|4
5'-AAGCCTACGACACCTGGTATTC-3' (Qing et al,
2012), 5S PCR 4 #%#2)¥: 94 °C 1 min, 50 'C 30 s,
72 C 1 min, 30 M. 2] PCR F=#&id
GenElute” PCR Clean-Up Kit (SIGMA) 4lifk,, —20
CIRAT -

%1 ND-FISH {9 SSRs X4t

Table 1 SSRs used as probes in ND-FISH experiments

5k A

R4l Prob.
¥ Probe Modifications in 5'

¥4 Sequence

(A) 5 AAAAAAAAAAAAAAAAAAAA TAMRA
(C) 2 Cccceeeccececececceccececececce TAMRA
(AC) o ACACACACACACACACACAC TAMRA
(AG) o AGAGAGAGAGAGAGAGAGAG TAMRA
(CD) o CTCTCTCTCTCTCTCTCTCT TAMRA
(AT 19 ATATATATATATATATATAT TAMRA
(AAC) s AACAACAACAACAAC TAMRA
(AAG) s AAGAAGAAGAAGAAG TAMRA
(AAT) s AATAATAATAATAAT TAMRA
(ACG) s ACGACGACGACGACG FITC
(ACD) 5 ACTACTACTACTACT TAMRA
(CAD) 5 CATCATCATCATCAT TAMRA
(CCG) s CCGCCGLeaeeaecea FITC
(ACC) s ACCACCACCACCACC TAMRA
(AGG) s AGGAGGAGGAGGAGG TAMRA
(AGO) 5 AGCAGCAGCAGCAGC TAMRA
(GACA) 5 GACAGACAGACAGACAGACA TAMRA
(GATA) s GATAGATAGATAGATAGATA TAMRA
(GACT) 5 GACTGACTGACTGACTGACT TAMRA
(GCATD) s GCATGCATGCATGCATGCAT TAMRA
(GAGT) 5 GAGTGAGTGAGTGAGTGAGT TAMRA

1.3 SSRs /Y ND-FISH

Pett AR A 20 CHUH 88K, 55 CIH2 he
0.01 mol/L HCIFA:#10.01% pepsin, &F5K F 7500
ul, #5637 ‘CAEFELS min. YEZpepsin/i T-70%
LG, 10% 20xSSCHI72 ‘CAZME2 min. ¥ F Tl
HORAETAI70% 90%. 100%86 kS, &-4b
PH10 min. 5885 B BT .

2xSSCHIELHIAAT 40 pL: 30% 2555 1 H i,
10% FRERHI SRR, 0.3% SDS, SSR¥41100 ng. 2447
WA AT b BREREA - T3 7 CHINERE B 44583 he

R TR ER PN (4xSSC, 0.2% Tween
200, RO AV S WIEL10 mine FEHE
JRRRIYES min. )5 ddHLOMIYE LS . FET 1 7,
JIDAPI 30 pL, HEC# XN JEBE 41 & 1 Leica
DMRA2 %t AR B0 244 5 S AT, il
Leica DFC490 CCDY5 Qwin V3H1 Qgoik {47 &
BITRFIRAE
1.4 SSRs 5 58S BB R SRR

PO ARBR AT A B 5 SSRsFISHAH [ » 2xSSC
LRI 2R AT 40 pul: 40% 258 1 LG, 10% bR
R 580, 0.3% SDS, SSRs##41100 ng, 5S#R4E!
50 ng. Z4ACET83°CAMES min/m LRIE UK |,
JBCE 10 mine AW AL 7 b, diai k. 737 °C
WIS P 24526 ha, B E2xSSCH R I 2~
3 min, ¥E¥E PTG RERIVEIL T . KA B
200 pLPTAAEEM (2 pL Dig-FITC, 198 uL 1% BSA),
37 CHEE 1 WG AEBEBB T IvE3 I, XS min.
TR, HGMDAPI30 uL, Hifi.

1.5 SSRs IRETMIEE KW S50

(AC) 10~ (AG) 19« (AAC) s HIAESAME
PSS, (CAD) sEI4MMATHE, (GACA) 5
TE3ANANE th AT 552, 1k 8 4 19 4> 2R F0 45 0T
AT b, 19 2R EREFE G Ak FAR e L
R A

2 &4 R

2.1 SSR IREHTHIZLGER

K P REF AT BB 2 U R & o
TS AR R EARFRAR AT IAZ, KT (AC) o0
(AG) 1o~ (AAC) 5. (CAT) 5. (GACA) %554
BN RE bR .

(AC) 1o AR IR, 9ttt 2
T 65, 13 SY ARG LRI, DL 11 S E
AR E (B 1A); (AG) o 5 EEMT 1
GYAOMAE LKL, 2 T\ 6 T YA 20 S i,
3505 YT, LA 12 SRR
(K 1B): (AAC) s 85 5 ELM T 1 S
24 RSTR Sl W RS 8 S SN NS b i IR S R S SN N T
s, DL 6 S thiiELakikt (B 1C); (GACA) s
(15 5 2T 2 SR ARG kit (8] 1D).,
(CATD) s MME ST 1 S YR R i
FLRIAb 2 TYAOARINTE LRiAE, LEFR AR
HILTE 3 SR EAKE B (B 2D,



6 HIRHEAS: ND-FISH AR P (1) 3 613

aialalatetatats

12 3 4 5 6 7 8 9 101112 13

it

12 3 4 5 7 & 9 1011 12 13

1 (AC) 15, (AG) 1o (AAC) 5. (GACA) s A%AC1H 5 7E BRI G 4 44 L) 3 A1

Figure 1 Chromosomal distribution of signals of (AC) o, (AG) 19, (AAC) 5 and (GACA) 5 in metaphases of Quasipaa boulengeri
A: (AC) o AR SRAEG, TEGMGTT 25, 6 5. 13 SRAMFLRME, D& 1 SRERRER L B: (AG) (MFTEAM, 1U
AT 1SRRG LRL, 25, 6 SROMKINA LR S, 35, 5 SROAREE, DR 12 SREAEE L, C: (AAC) s 555 R4AE,
TESAT 1 SROERE LR S L, 3 SREMRNEE, 5 FROMREEmE, Uk 6 SREME LR D: (GACA) sIfETRaM, T
2 SYAORIN AT LRI

A The (AC) y signals appear red and locate near the centromeric region of chromosome no.2, no. 6, no.13, and on the short arm of chromosome no. 11; B: The
(AG) 1 signals appear red and locate near the centromeric region of chromosome no.1, no. 2 and no. 6, and on the telomeric position of chromosome no. 2, no.
3, no. 5, no. 6, and on the short arm of chromosome no. 12; C: The (AAC) s signals appear red and locate near the centromeric region of chromosome no.1, no.
6, and on the long arm of chromosome no. 1, and on the telomeric position of chromosome no. 3, and the telomeric position of short arm of chromosome no. 5;

D: The (GACA) 5 signals appear green and locate near the centromeric region of chromosome no.2.
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K2 (CAT) s#REF (Z0(8) 5 5SrDNA #REF (4-(4) [fXU{4 FISH
Figure 2 Double-color FISH with (CAT)s probe (red) and 5S rDNA probe (green)
(CAT) s ZAEMH S0 T 15 G AR AR B R A 22 4L, 2 5 G (O RIAT 22 AL, FEFS S AP id tHIITE 3 5 4 (R KRF B 5S tDNA (15 %5
LT 1 S ROAKEIEAELZRAL . A: 3 SR ERA (CAT) 5 SHIREME. B: (CAT) 5T HBIFE—4% 3 SRk b, imVER O E%

AMAERMNME. C: Pk 3 SHROME B (CAT) s 55 IR,

The signals of locate on both short arm and long arm near the centromeric region of chromosome no. 1 and on the centromeric region of chromosome no. 2; The

signals of 5S rDNA locate on the long arm of near the centromeric region of chromosome no. 1. A: The representative sample that has no signals on the

chromosome no. 3. B: The representative sample that has signals on one chromosome no. 3 while the homologous chromosome has no signals. C: The

representative sample that has signals on the chromosome no. 3.

22 WERTER

i) i A5 P 4 A i 5 () B2 A il B,
(CAT) %l (Z0(8) 55S rDNAREF (4 (0) 1)
MAFISH, 19 2 BAR A AT . (CAT) 5 I
AR IR, fF SRR T 15 R Ak
RV (I R b 25 Ytk 5 Lehiib . £E
HEELAS PR, (CAT) sHME 538 HILAE3 5 G AT
KA b HIME—X3 5 Rk BRI A RS (]
2M), AIAME—43 5 JL ok A E S M FYR G
BB (E2B), A AR X345 G ti fk L #
A15% (B20). 5SHMESHE LT 15 R EAm K
BTG 2 ik

3 it i

3.1 FEiEAEZE SSRs #RE

DAFEAE S A 2428 A T IR %, Toie et
SPH . 285 UL KA S S DL F Sk iy s 2R 40
IR —, — R ERLAE — X R AR b, HAEXT
—XJ [FR G AR HFRAE T, B0 5S rDNA; 5l

SETCZEM B3 A TP etk b, Bk e 5
I SSRs M T 7ESLtatk Lo Ai) vz, Al {25,
—ANFRICE LA bR 4L mT LU H AR 22 6] [R5
Yetafk, 7 Carmona et al (2012) IBIFTH, (ACT) s
—AFRICH T LR T 7 KRR Ak A
PEYOARIIIT ST, SSRs A I IIARIE T W
Yt ik (de Bello Cioffi et al, 2012). It4h, AR
SSRs J7HILEAN ] (W el RS Hh 1) ' SEME R 2 2
P, fE— N R 15 210 0 2 S A5
(bR ICLE o) — N AT AR A A B 5 o il
Wi fE s 10 2% (Batrachoididae family) #5741,
(GATA) , WEHEWS 2RI 4 DMF R EAS 2] T K
S5 5 (Ubeda-Manzanaro et al, 2010), TMii{E
AW (GATA) TR I ek e (AR A8 R
A5,

TR SSRs HREN TR RELE WIS HFIZ
PAVERE T AR G SEge Rt % . SR EA IR
MM TAE (Cuadrado & Jouve, 2010), Wit T 21 4%
SSRs AT (2 1), 45 %% W], SSRs #4t
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A ATE P A R AP Is AR . 7R e,
(AC) 10 (AG) 10 (AAC) 5. (CAT) 5. (GACA) 5 2%
5 ANPRICTFE] T Je ka5 2E AR Y, X LR
WAEAFIA PR AR B, ABRERS 1) — 2 N
Gt RrER (B 1,20, B ASF RSO AR L
AFRIB PN, 2 MRt dlA T DAAE — IR SERG
AR 2 g ik . HALAR I NI H G
B R ARG AR B A AR A, FE IR AN ek 2
Yt AR

Hrr, (CAT) sfE—28Mk 3 SR EAKE K
TGS, RIHZESE. GRAMERHA 3 5
etk FHAA I (CAT) s (2585, H A
h—4 3 SRt EAAE S YR QL (kR
HIAMEM KR 3 SQ 6k EHAES . RIEK
B EREERES, AN 3 SYEARE M,
sV )RRt k. R AR BT 3 S
PeAARTERIRE IR I A8 AR T A B
PO, RUASRIANA R 3 5 et ot B 3 Ak
B X 3 SREMEMEAESHAET, X3
SREAREE G TG T, DL 4 3 Sk
BESMN—&HMEARRET. 3 SHEMATR
2 S PERT B TR A OC R AT
3.2 i3S ND-FISH &R 205

PR TG 2501 40 2 0 A7 ) v B R A A IR 22 i L
YR HRA S (Schmid, 1978a). MBI EEHCK
YEAR AT 1) DNA 2 2 T HALE S
CanmFL2E. S8, 472D (Schmid, 1978b).
LGP A IS P 4 0 AR PR BH A RIS A5 TR BE AR /N, 0 X
PL#ES (Schmid, 1978a, b). HIAnHT A XS B G
[N N R TR D S - U R e A = B
(Schempp & Schmid, 1981). FL AR = iR iE ik
BT/ ND-FISH 75 PIAR 29 HE DA ELFE R H (1)
K. £8561F ND-FISH ', SSRs #8412 54 tafk I
] DNA HZ4A, AN & RNA, Wi ND-FISH
B AHT SSRs #EHX XWUEE DNA 4 APk
(Carmona et al, 2012) . 7E 4 tEARBR e b FE IR mr i)
LT, SSRs TREMRAMEH M BIEE P41, AR RUE
DNA 52 855t HME T - ND-FISH 45 FH i)
TREF N LA P DNA, ANTEARTE, {EALE PR
SN R, 75 AN I P A et AR bR A AR T
IR, 75 A e AR D) o

ND-FISH HH T/ 7 B0 R A G A AR AR
{E A3 S50 A 7 (DA, BUARTE P 2R 1) B vh ok

IMGAARBRA DI HEAT AR, SR T SSRs #R%F
(e, 222 TR AH EG 5 BE FISH I8 247 T1IRK
i, 1 9~15h 4 A 3~4h, TAEREW BEHR
o

33 WERKNKRLIZI A SUH

BT AE — RO A2 R IS4l R p il
PREF 5 (R bric e, X mp oy o, nr e ok e
HRFF RS 5 AT S R

PR A AT B A I EREH A PRl S —Fh
e 59 H AR bR C e, Bt 5O R H
FABRERED s 25 A2 REPUR (s,
) ARIEIA BB AR IO IRED s TR IR ) 2% 10 1
HELEFR . PCR. BEALS 97555 J510 . AFFH IR
FEANFER 228 S P A AR R X . Horbi
T ARl R E S P Rk 2 AT 2 S
B ERRAZIPIERN, 2 Jaid i E AT
JBE, T E AR R AN TE 2E . 1y HL )k
PR BT R AT IR TBOCIIE T, 25 5 K
BHARE T, WA — O™k, T EESE Ve
B A,

Z AT AT 2 [ SSRs FiT rDNA #rid 4t
h, BTG R A Z4AE, Hod SSRs R
PG EAFH (GATA) ,F1 (TATC) S 1E N 5IMLET
RERR (V15 00 T JEAT PCR, AR5 11 FH i PR vk bl
#4F (Ubeda-Manzanaro et al, 2010). 3XFh 7541 b
T HBES PR SRR 2 .

M PA A AT A A 98 FE AR L SSRs B4
F1 DIG FRiC I 5S tDNA BEF—brid et iR,
LI B T H AR A ) AR D PR 24T S R 4%
PEARTRI ). F2 R RIDDER, ZERTE [ — oy 3
M EF BRI 5 W 2R T R — M
WPEME, PR —AMPRIL BRI A T E AL
RO SR IRARAS IR, 1 HAR SR 2% ). T2k
VAR — R SE R PR 1 2448 . X4 FISH H,
T C 1l % A8 VRN FRAT LA P AR — i N, 4% JRORL
B DNA HREF B RAE w25 5 F R ke 11 R 182 - 32F
AT, TR 5 AR 288 45 R JG AR 2 RREE
HEATUEMG, T2 BB . BUd SO 25 o )
FZHHT N SSRs TREF 244 I 2425 (Cuadrado & Jouve,
20100, PEMAFERFN . FRATTAE LI B 7T A IR
BFARYE L %A VR b 1R e R B v = (R AR R N
X1 SSRs HIAAC S5 R LT A 5, 1 B #brid
PREF B At FH 0l R0 PR 0 FEL AR 25 3 i — 24 5S rDNA
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fzsfE S, AEESHENRE T, MEEE
R LA RAR AT 45 2R
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