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B B RAMESOGIRA AT (FISH) BRSNS 3 A 5% 45 T £ Fh . 245 % 4% (Rosa multibracteata
Helm. et Wils.). JIIE % (R. soulieana Crép.) Fl4:#+ (R. laevigata Michx.) ¥4 i AL (A4 AT
T 45S rDNA 1 5S IDNA WHLEfr . 455 F0H: 45S rDNA 75X 3 Pl i e i L i B fn o A i g
—H, HA LR, BT 22 R R G R R . 5S rDNA fEZ R B 1
XL, FENNE SRR A7 B8 2 X7, #0040 TR AR (i 22 pikk . X 3 R B
IDNA {7 S 508 . e e RIS Somas G W B2 5. BF9TES RO R 0 3 Rl & B (g R 42 00E 7 B
AR 531 A0 LS4 22 bRl
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Physical Location of 45S rDNA and 5S rDNA in the Genomes of Three
Wild Rose Species

ZHANG Ting, JIAN Hong-ying, TIAN Min, WANG Qi-gang, ZHANG Hao, YAN Hui-jun, QIU
Xian-gin, and TANG Kai-xue”

(Flower Research Institute, Yunnan Academy of Agricultural Sciences, Yunnan Key Laboratory for Flower Breeding,
National Engineering Research Center for Ornamental Horticulture, Kunming 650205, China)

Abstract: 45S rDNA and 5S rDNA were mapped on the metaphase chromosomes of 3 diploid wild
rose species: Rosa multibracteata Helm. et Wils., R. soulieana Crép. and R. laevigata Michx., respectively,
by double color fluorescence in situ hybridization. The 45S rDNA chromosomal distribution patterns were
highly conserved among the three species. Each species had a pair of 45S rDNA loci on the short arms of
one pair of heteromorphic submetacentric homologous chromosomes. The 5S rDNA sites were different in
number and location among the three species. A pair of 5S rDNA signals was detected on the
chromosomes of R. multibracteata, and two pairs of 5S rDNA sites were detected on those of both R.
soulieana and R. laevigata. 5S rDNA were localized near the centromere region on the long arms of
chromosomes. The number, location and fluorescent intensity of the rDNA signals varied somewhat in
these three species. These results indicated that the double color FISH with 45S rDNA and 5S rDNA as
probes supplied some characteristic cytomolecular markers for identifying their own chromosomes for
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these species.
Key words: Rosa L.; rDNA; fluorescence in situ hybridization (FISH); karyotype

A RAH R (Rosa L) #4200 Z AR AR, T2 oM. Bk, JbdE. Jb3E%%5EiR
WRWHGT X . P A 95 R A, 4N 2 NEJE 10 N2 (Ku & Robertson, 2003), s 7%
() =R BT oe o EATHERR A% 2L 3 M 4 LA RN T H =gt A e R T4 . ol T35 i s i A
AR N, 2 BB L EA BE AR Gtk (k22 RNk, 1996; Crane & Byrne, 2003; ZEjjt
e A, 2009), LG8 IIARZIY o3 A DURCEIAERR 0 [RIJEEC AT o DAAZBEAR RNA BT (rDNADY 4% (1)
LRGN ST A AL S X G AR AN FLUE AT IR EAT S AR T 4G 20 F- B (Liu & Wendel,
2003; #RAEHG 45, 2007). rDNA-FISH N H TS8P a i oA —Le4kiE (Ma et al., 1997;
Fernandez-Romero et al., 2001; Akasaka etal., 2002, 2003; Limetal., 2005; H# %%, 2012, 2013a,
2013b; Jianetal., 2013b). H#%% (2012, 2013a, 2013b) FlJian 25 (2013b), KM ZEIRAII4AL
FOARKM T 45S rDNA TEH - BF AR, 122 H 2= b AR H 2= F b B f s S5 kg i 2= 7, (H
e [R5 16 i A7 23 AT T AT 8 4 e R A B AT A v B b A B B

2GRN B AT R A e (R OB E B E A S iR 2, 1985), I
Pt RIS SRR AT 5%, 2009), ST RARMPTRYE (BIHE 55, 2013), HETHMARN
rDNA 15 2 35 J0F )1 EE gl gtk B e 9T Ma 4% (1997) ANARIE T &A% 1 I QL iR 21 1
X} 45S rDNA A7 ri, HRIATIZ I 341 A5 R U 986 R A A AR 45S 1 5S rDNA 71
R B R ST I R A L e ek EREAT R AT, WX 3 b A A A 1 G (e AR TR B
B A 2R, A RE— BRI IX 3 B ont AR H AT 1 A% o R AR AL 40 7 4l i 1 4% 2 S Bk

1 MRS

1.1 ##

PO EER 4L (Section Cinnamomeae) 12 454k (Rosa multibracteata Helm. et Wils.).
A FE4H (Section Synstylae) )11 #%7% (R. soulieana Crép.) M 4:#7-41 (Section Laevigatae) (<>
% (R. laevigata Michx.), JURAET 2 B AN BLE BEAE S ST (1) H 2P S g8 95 [l b o A58 T
2012 4 8 H RALMISFTAL B JG AT G At B, R 28 AC RS T 2013 4F 1 H 58 i

12 #REHRic

45S rDNA il [ &, ok i eGSR dr Rl e 2 B 2 R e de i, ] EasyPure Plasmid
MiniPrep Kit $2i( (bt XSV E ARG AR, LUEWZE (Biotin-16-dUTP) H Gk P ikkx
it. (Roche, Biotin-Nick Translation Mix, N0.11745824910); 5S rDNA L PCR /53515, 2 Akasaka
4 (2002) i, JFLL PCR P=ai ik fl &aife (LlAE A TRAMRA D, PlHiE -
(Dig-11-dUTP) &k 1 F#45ic (Roche, Dig-Nick Translation Mix, No. 11745816910, ## i i
TR kR
1.3 FeEakEE. B, BESENESH

P S Ma 55 (1997) (. IR 4282 I Akasaka 55 (2003) 1732347 .

AT EBAT Zeiss ZG 1L (Axiophot 2) TALEEH3REL, H Zeiss RG AT Photoshop A% &
GHEAT AT T o AZRLOY BT R 2Rk 22 R R B BH - (1985) [bsifE, RZARYSAYRRYE Stebbin (1971) (X
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Iy RERERI Sy, Btk F 2% Jian 45 (2013a) (1 AL AL 70 M i) 45 SR HES

2 HiIR50Hr

2.1 HEE 455 rDNA F 55 rDNA BIW B35 H B2 3s

L 45S rDNA #1158 rDNA g #REF 1) 3 Tl 38 4 Jes 1 490 1) 8 6 S, 4 A8 45 SR S iz B LI 1 F R 1

45S rDNA #1155 rDNA fE 2t B (B 1, A A KR 107 . ARSI 2 435
BATPHFIZR, —Fl (B 1, A) RN 2n=2x =14 = 12m + 2sm, A4 1A FY, [ 4 540
AR A 22 g gtk (sm) RIS e 22 5 4k ik (mD, R AYH 45S IDNA EfLAE 4
SYEAAREE b (S, IARARE SIS 1 AMHSS; 5SIDNA T 5 St A KE (L) MitE«
R, LARRRE S LAY, R (-1, A7) AR 2n=2x = 14 = 10m + 4sm,
I 2A L, [ 345 R 6 5o W H A 22 i etk (sm) Ab, LRI IR gtk (m),
i H. 3 5 6 SHEFIBIRPEG Ok, A d 455 IDNA SEALAE 3 SRR 1 (S), 2448
5 SR G EARIRESS; 5S IDNAALT 65 (sm) PR (L) MIEHLZ AL, RS’
KGR FE S — L.

2.2 JIGEEZE 7 45S rDNA F0 5S rDNA B9 & 7 e B 32

45S rDNA F15S rDNA 761 - (B 1, B) 205K 1 6 2 A7 s . 5T rDNA-FISH
(N MAZ AL A 0k 2n = 2x = 14 = 10m + dsm, KZ78 0y 2A B4, 4 50 7 5 e i fh Ay W A 45 2 4
et fk (sm), HARAPEE 2 gL tafk (m), Hrh 7 54 7B RIUEG (4, 45S IDNA 7T 7 ‘S 4
AR I (S), BEAORIE SR 2%, 5SIDNA, 1 XM T 4 SYEAKE (L) KinE
22 5535, 1 ANRASME TR VAR s 5 LA T 7 SR K (L) MIaE 22 fm, g e
RS TS —28, HAFG S5 mEN T 4 S QARG 5 B Z ] .

2.3 £H¥2F 455 rDNA FA 5S rDNA BIW B 7 K R AI 32

45S IDNA 7E &7 1 (KBl 1, C) K 1 X745, 5S rDNA Kith 2 67 . %+ rDNA-FISH
MR AR 2n = 2x = 14 = 10m + 4sm, #ZALN 2A B4, 4 5 H15 5 W 22 s e ta ik
(sm), HARNEEE 2 gtk (m), H 4 50 R RYE G, 45S IDNA A7 T 4 5 JLa k1)
B (S, 2ZFETH®IS—3: 5S IDNA 1 XA T 4 SREAAENEKE (L) MiEELsk, 51
MET 6 S AR K (L) WMIEE 2 S, AT 4 53 1324005 5 1 6 5 kg .

F1 BEWE 3T FEMET 455 rDNA F 55 rDNA BRI R A S
Table 1 Karyotype parameters of chromosome of three species based on FISH
with 45S rDNA and 5S rDNA as probe

LB [EREVAN [FRES 45S rDNA {7 & 5S rDNA i &
Species Karyotype formular Karyotype type 45S rDNA position 5S rDNA position
£ 4% R. multibracteata 2n=2x =14 =12m + 2sm 1A 4S 5L

2n =2x =14 =10m + 4sm 2A 3S 6L
JIEE 3 R. soulieana 2n =2x =14 = 10m + 4sm 2A 7S 4L, 7L

4MEF R. laevigata 2n=2x =14 =10m + 4sm 2A 4s 4L, 6L
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1 BL45S #0155 rDNA AiR$H 3 3 M ERRF LML SRR BENRZIERLEE
A, A: ZEENG B INAEHHG C ST
a: 45SrDNA (4E(f) HI5SIDNA (£1{4) 5 DAPI SRk Gl Mk
b: # W E A 225 WG4k ¢ 45S IDNA 24581545 d: 5S IDNA 2858155 .
Fig. 1 FISH localization of 45S rDNA and 5S rDNA on metaphase chromosomes of the three Rosa species and

homologous pairing of chromosomes based on 5S rDNA and 45S rDNA FISH
A, A’: R.multibracteata; B: R.soulieana; C: R.laevigata.
a: A merged image of the metaphase chromosomes and the FISH signals. 45S rDNA (green), 5SrDNA (red), DAPI (blue);
b: Metaphase chromosomes; c: FISH signals of 45S rDNA; d: FISH signals of 5S rDNA.

AT A BT rDNA-FISH [RI% 290 BT & 0 22 40 35 250 P RIAZ AU/, —Fp s Jian 25 (2013a)
BT AL B M I 45 AR, BN IR AR 1A B, 5 —F o Sk 2A B (Stebbins, 1971).
BIEWH IR EYE G a4k, H 5S rDNA A7 S Qe AR A & sm Be AR, 55 %S rDNA G fARAl &
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S FENVRGOAR . A REARAE ) 2 Ak B 3 NERE, APt b RIUILEA PR RL, nlgEe
M TP MZ Y ) 2 A S ok AN R R RE, S MAE eI 22 5, 75 R AN [ Ja A 1 22 0% 4 23 i)
HURERIT ST o 3K AR M AH IR AKST b S i T A AT 2 A5 iR B 5 s Ch B2 v R A & g
ZE0143, 1985) JHIFA (2009) A VG AR PN AFAER 5 00 J A TR AN e A ) R AR S o ANBIFSE
P NVEE A% R i A 50 Jian 45 (2013a) FE T MUZ AL A0 M 0 45 AR ], AHLB X sm e i 44T
P 5 AHZEROR, X AT S (T HE UM R IEAS R 8. SV Ae i R A% T A 5 B Crane F1 Byrne
(2003) J% Jian %5 (2012) J&T-H WAL B0 M B 45 AAH [R], AHAE Qe CtaHE e RS 2200, PRI, %
B AAAE PP RAFAE S R 2 AR T2, 2009; Jian et al., 2013a), FiNAF{EF:E
(AR ST, R 9% 6 B AV A8 SRS B 1) g 0 — S A ) P AP AR T2 3 AR 7 1 i A T
P R . AT IE R IX 3 i il g B 2B P A7 A B R Ak, e Sl 2 240
Wk (B 1, A 356 YR, JIEEM 7 5RO T 4 S3 0k, RIBRTEREARE
FXT RS PAFENI R 225, AR MK 8 22 S 9N 5 70 T8 B G (A A% B 43 BT I AR 2% 2 s
FLASTC . WIS T rDNA-FISH 1135 44 Ja A 4 G (AR AZ 8 43 B B Nt af n] 5
ZBiA RNA ZED8 (ribosomal DNA, rDNA) 2 HAEEIREMIR T EREIFH, MiEsmT 1
ek & 6t et A b (Pedersen & Linde-Laursen, 1994). 45S rDNA #5 A k76 B4kt FE rboAH 24 5 5%,
SRA-T A K, — e QAR IR G IR, WA AAAE T AR IR GIR A AL RN 55, 2007; Tl
ik %, 2007; &, 2009), ZERKEFISKAET (1996) thigH, K4HREE NOR, {H NOR A—E7E
AR . SR G O ARIRDN, R AR BT EABIREHR, oA,
W AR AR L FVE G4k . Akasaka 25 (2002, 2003) #F5% rDNA 7654508 9 A 5 AR EF A= b (1) 2>
A R I 45S IDNA S8R AE 16k S R sm G (o PR R (3l o ANBIFSTHh 240 3 . )1 i
G T-#E A 1 %) 45S rDNA A7 £, KEAE T 1 0SB R sm Gt AR i i b — A A, Bk
ST T R Y T, A 22 B R S e AR T A 1 DX R AR R (A SR B,
45S rDNA A7 S Refy T KB e b, (HEAR DA T g 22 akt CFRHRUk %8, 2007). Fransz 45
(2002) Ah, FEIIAZ gL i S G 00 TR FAT R s 2 (R S5 R 1R, AT AR S 3056 PR g 2
RV A B R B 45S rDNA {7 2550 A5 T 1 %5 5 [A) U5 sm YLt il e i 1 24 5 e 2 T
fefix. HRTCHMIRE (Maetal.,, 1997; Fernandez-Romero etal., 2001; Akasakaetal., 2002,
2003; Limetal., 2005; FH## %%, 2012, 2013a, 2013b; Jianetal., 2013b) F W 20 NN d)E —
FEARET A=l 1) 45S rDNA A7 s B0 LR A ARME AR R, B 1 ANtk 4l4 14> 45S rDNA 7 si, {H
KR4 (Sect. Carolinae) [f] R. foliolosa (2n=2x=14) 15 6 /> 45S rDNA 17 5, 54T 3 Xt
sm YL o PRAERE ()3, R LR S R A AR A B 1K) 45S IDNA S B . FRERRE L
By AR W rDNA ISR LUE BRI E AT R K R
5S rRNA ZAZHEAAR R FE L e s> 22—, 54~ 5S IDNA FLITALHE 120 bp Z247 % % X A1 100 ~

700 bp HIAER:sIX (Appels & Baum, 1992). Mantovani 25 (2005) &I K4 C#E(T T 55 IDNA
SEAL AP, JLHCE DL 1 0 ER 2 X8 3, HAE R AR A I E A . Akasaka 45 (2002;
2003) fEMFFT RN, kR 9 N AR REF AR 5S IDNA {7 S CH 2 S (LX) 344 (2
1), Hrp U 1R 5S IDNA {7 5547 T-F 45S rDNA Yetaih-K R (i 5 42 kb 5 3 A~ak 2
XA 5S IDNA A 1 %5 5 45S rDNA A7 TRl — B AR KR B b, LR S T s et fh
KA I 22 kb . Lim 2% (2005) 575 11 5S rDNA 78 fLA5 A 35 4 b 8 AN A 384 T 4
AR T 22 5k, o fs 3 M 5 45S IDNA A7 T [/l — 4Lk, 540 5 M AL T 5 8
Jettth b AW 28 1% 5S rDNA 47T 45S rDNA e AR K (134 22 fidd, 113
TR AT 2 X 5BS IDNA A7 s, o 1 67 T 45S IDNA YR I A5 22 ik, 55 1%
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P e e AR R 22 54k . PO, SRS A 5S IDNA 7 A4 275 55 455 IDNA F 32k
PEAY AR A 1% 5S rDNA {715 11 5 45S IDNA B L2, HAL T 1 e taih KB i 4
kb A 34NEE 2 %) 5S rDNA A7 £, 5 455 rDNA 13 JL2k PEf1) 5S rDNA A7 5 ] o7 T 4L 0 4440 R
KR 22 054k, T3 AMOAL s A T e Yo AR KB R I o 22 05 4k

ARHIE A T XA 5 SR A AT AN 2 A s )G oA G 3 Bl g Y 2B Py 45S 5
5S rDNA 7EAA4H M AL ik EREA TP BT, A REHERH UM 55 B G AR A i R 0k,
[[INEBZNT U S VAR 6 I VA Wi DR S R E RS SR ENTUEZ Y Ak S 1S B S L Tt K71 R S R N AR
PEAE T A RGPS L. IDNA 5538 ALY L N 25 140 st AL 2% 2 0 3R B AR Ry Ay
¥ A2 M H ZH 9 RAE T — 2k (Maetal., 1997; Fernandez-Romero etal., 2001; Akasaka
etal., 2002, 2003; Limetal., 2005; FH#¥ %%, 2012, 2013a, 2013b; Jianetal., 2013b), & T ¥
U HiHE 30 2 T A N IR s 2 R AR, T A R 2 MY rDNA-FISH k).
AR B LL IDNA R EREFIEAS BB 7642 X 40 W5 i R A7) (1) R RIS et fds, Y S S AL 1)
FEDRI A rh o B e R e R AU R DUIX 43 30 IR e (A, IXANOT F TR S i B A )
(PEEA, AR ] ZRas AL G R TARE TR W G (AR i £ 1n), T4 B AP RO
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