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Abstract: In order to identify the possible original ancestors of the allodecaploid Rosa praelucens
Byhouwer, the cytological Fluorescence in situ Hybridization (FISH) with 45S rDNA and 5S rDNA as
probes was used to study the karyotypes of R. praelucens and 20 other closely related and sympatrically
distributed congeneric species. The results were as follows: (1) Among the studied 21 rose species, only

the karyotype of R. praelucens was 2B, and that of the other 20 species all belonged to 2A. (2) The number
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of 45S rDNA hybridization sites in 20 rose species was identical to their ploidy number in interphase cells,
except for that of the diploid R. banksiopsis, which had three 45S rDNA hybridization sites. The number of
45S rDNA sites equaled to its ploidy number in metaphase cells. Some 45S rDNA loci in 14 species,
namely, R. graciliflora, R. omeiensis var. omeiensis, R. sericea, R. mairei, R. sertata, R. davidii, R.
banksiopsis, R. persetosa, R. macrophylla, R. acicularis, R. moyesii, R. odorata var. pseudoindica,
R. roxburghii and R. praelucens were fragile sites. (3) The number and location of 5S rDNA loci were
uncertain. Diploid R. willmottiae var. glandulifera, R. odorata var. pseudoindica, R. helenae, R. brunonii
and R. soulieana var. soulieana all had four 5S rDNA hybridization sites in both interphase and metaphase
cells. In addition, there were four 5S rDNA hybridization sites in the interphase of diploids R. davidii and
R. banksiopsis, but only two 5S rDNA hybridization sites could be observed in metaphase. The number of
5S rDNA hybridization loci of other 14 species in both interphase and metaphase were identical to their
ploidy. These results indicated that FISH with 45S rDNA and 5S rDNA as probes could identify some of
the chromosomes more accurately and thus could improve the results of karyological study of genus Rosa.
Based on the mapping of rDNA in the chromosomes of R. praelucens and its 20 relative species, it could
be postulated that R. graciliflora, R. moyesii and R. murielae were the possible original ancestors of R.
praelucens.

Keywords: Rosa; Rosa praelucens; FISH; 45S rDNA; 5S rDNA; hybrid origination; karyotype

analysis

Yt fR 56 S [ AL 2% 22 (Fluorescence in situ Hybridizaiton, FISH) & AR $& Bl 2 i) Fic X Jit U
(DNA-DNA fl DNA-RNA), #REHARCIRE (AR HiE e S0 e gkl A7 bric) Bk
LHRGLAREL DNA 4148 B, A5 ROGER S FRE R EIUA SR 7 TR g G, i udoh
FAZAE 5 KA DNA JPHITEQ iRl DNA 274k ErEhs (ERE %, 2006). rDNA BIEZHE{A
DNA, BEHEERTHEMEL M. 5 HRIE FISH R4 1) 45S rDNA 1 5S rDNA. 45S tDNA J2& 4
fid 5.8S. 18S A1 26S iX 3 F rRNA [J R 1A (Poczai & Hyronen, 2010), F= B @A T4 44X (NOR),
S5, —BRAERERM R GREA, ShAMEE (F# 55, 2012). 5S tDNA 2R K
WM HE SN2 —, HYmiLXAIEmIS X 4% (Falistocco et al., 2007), {H'E S5#Z/-&EHE R
R O(CEIRFR 2, 2007). it FISH $iA% rDNA fE4e iR Eb T B e, [ W 4L (i 1 45 1) AR
F, ATLAWF SR E B i ok &R, JER TR S E (R, 2011 BRE, 2015). FA FISH
HIF 70 3% 7B R M AL TR B, 2 BEAE R AR DL rDNA N IREH I SR AL J4 38 % 3B o0 BF AR Ab L 2 H &
PRAR 25 DA R 258 JE AR B G AR 25 M R T3 AT AFE (Ma et al., 1997; Akasaka et al., 2002, 2003;
Limetal., 2005; FH& %, 2012; 7K4F %%, 2014, 2018; Dingetal., 2016).

AL (Rosa praelucens Byhouwer) &35 45 @ 40 H AUCA IR BY B BIREEAR, fEeattmn B
BRFEE, WENERS, SEERNLUWEILF (Li & Zhou, 2005; HERZRAMKE M, 2008; JHF
FF2E, 2009 THAGIR I H R ETIR (B3R %5, 2013) LB R TIR (MKE %, 1997),
B = A R R Y (BT %, 2017). Jian 25 (20100 7EX =7
TS AR B EAT AR A FEIN R I R R B R A, M HOE R AR R B A R,
FE1%JE T H BRI s A A . AR H R TR T R EOREIR N, AR R (R
CAE, 20130 MPEFIDIR (AR, 2016). EEH RS (AT 5, 2014) DLAM N s AL 74l
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Wit Z M (Jianetal., 2018) 5§, {HIHAESN K% BTG 4130, AR5 AR 1@ R ik
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NI PRIALOC RIGE, FRAEDAREE S 3. v ik, Rk, PRIk, PALEE R T RR R R
PN

AT HLL 458 tDNA 1 58 tDNA AR89 FISH $5 A i A B0 K 5 2 20 A7 R [R) B30 1)
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[ VL SRS DARES

L1 REMR R AR ERT&
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Table 1 Detailed taxonomic and geological information of the studied Rosa species

A s FREGRF SRAEHH
Section No. Species/variety Sampling site
Frit4 1 YUFEFE R R. graciliflora F g B hi/Mh i Xiaozhongdian, Shangri-La
Sect. 2 Uk JE %7 R. omeiensis var. omeiensis  FHEHL /K E Baishuitai, Shangri-La
Pimpinellifoliae 3 HEHTL R. sericea IR IE R B NI AZKMD
Resource Nursery (from Mujiaqiao, Lijiang)
4 B R mairei PRI Ok H4EPEFEH) Resource Nursery (from Tuozhi, Weixi)
5 JIVUHE3R R. sikangensis Bk B $KF 1l Daxueshan, Shangri-La
6 HFEER R zhongdianensis BRI Ck B BRE )
Resource Nursery (from Nixi, Shangri-La)
HEmk 2R 7 I UNU R FRURIE Ck B 4ETE R ARAD
Sect. R. willmottiae var. glandulifera Resource Nursery (from Tongle, Weixi)
Cinnamomeae 8 BHE R sertata R Ck B &% LR EAKE)
Resource Nursery (from Baishuitai, Shangri-La)
9 PACER R. davidii MR BA 7K ¥K )1l Mingyong Glacier, Deqin
10 UARFE R. banksiopsis HEE I 7K UK )1l Mingyong Glacier, Deqin
11 AEETR R. persetosa #EVG R SR A Tongle, Weixi
12 PR R. murielae Fhg BHIMH Gezan, Shangri-La
13 KM R, macrophylla HEPG [ SR AY Tongle, Weixi
14 IR R. acicularis HEVG R KA Tongle, Weixi
15 EFHIR R moyesii et [A kA Tongle, Weixi
RAZ=4A 16 KA ZE FHUEE Rk B ERLH F)
Sect. Chinenses R. odorata var. pseudoindica Resource Nursery (from Xinzhu, Lijiang)
HAA 17 SR R. helenae PRI Ck AN ERS LD
Sect. Synstylae Resource Nursery (from Yulongxueshan, Lijiang)
18 TR R. brunonii RURIE ok B 4E 7 AR LD

Resource Nursery (from Lancangjiang river side, Yezhi, Weixi)
19 JIVEL#% 4 R. soulieana var. soulieana FRIRIE Ok A& R R R T
Resource Nursery (from Nixi, Shangri-La)

NG e 20 FIZL R. roxburghii PRI (77K T) Resource Nursery (from Yongning, Ninglang)
Sect. Microphyllae 21 FEHIE R. praelucens F % Bh/h ) Xiaozhongdian, Shangri-La

2017. 2018 FAF4F 5—7 H FHF /SRR B REA KIEERIZELR, S0 Ma 25 (1997) FlH L

Y



Fang Qiao, Tian Min, Zhang Ting, Wang Qigang, Yan Huijun, Qiu Xianqin, Zhou Ningning, Zhang Hao, Jian Hongying, Tang Kaixue.
Karyotype analysis of Rosa praelucens and its closely related congeneric species based on FISH.

506 Acta Horticulturae Sinica, 2020, 47 (3): 503 - 516.

S5 (2012) HJPEEAT TALER L [ 2 MORAE LA R Je ik il 25 . ] Leica DM4000 S {8 ik H e €
R R T, 237 CRI TRUEL RS, -20 CIRAFZH].

1.2 HIEREERIEMEBER IR

45S tDNA #REF el BB AFEFE A, HEROKFA MR 2 L X E 4L, ] Biotin-Nick
Translation Mix (No.11745824910, Roche Diagnostics, Germany) #H4T7Hr1c. 5S rDNA #RER M
R FE R H i@ PCR 43545, 41k )5 Dig-Nick Translation Mix (No. 11745816910, Roche
Diagnostics, Germany) HEATHRIC .

K Ma 25 (1997) 1 Mishima 5% (2002) [{U5VERET Qe iR o e A 8 A2 K . %2 Ja (118
Jrfi ] CytoVision #XH#E Leica DM4000 %% 25 i3k &R . H Image-ProPlus 6.0 #AFII & 4L (4,
K. BB kg EkaK, A Photoshop 6.0 FAxf Je kgt THE 7, F Excel Xf #E 24T 115 .

1.3 Z%ESHh

Ko T R 2 2 AR B FH - (1985) FIAR#AE, & Arano (1962) 1 Kuo (1972) HIJ7ikitHA%
BRI IR R E. BEEL . Qe fRMXT K, 38 Levan 28 (2009) 14028 R G0 E Yt iR, K% RIA]
HR4fE Stebbins (1971) [53-2KbrtEX 5y, S H ML AT J77E (Jianetal., 2013) #H4T 4L fAHE 71,

2 RS0

2.1 ET FISH hARIBEHIESEMER B GHESHZE

M2 TR, P FURT 21 AR A A b R h R B 45K (20 = 10x = 700, K7k,
RIFEPRANE PG E N (2n=6x=42) Fb, At 17 DFR ZAFE (2n=2x=14), Birp B
%08 2B 4, HAbRr TN 2A.

:2 EIR 21 MIEPET 455 rDNA #0155 rDNA MR EEA S
Table 2 Karyological parameters of 21 rose species based on FISH with 45S rDNA and 5S rDNA as probes

ey KR BAIARXT B >24@ik '
W R B st PRSI i B RB%  IC Ratioof LAl
Species Karyotype formula Karyo- Yetifh Asymme- chromosome ConsAtltum)n of
type . R relative length
Lt/St try index  of arm ratio >2
ANKE 7k Rosa graciliflora 2n=2x=14=10m+4sm 2A 1.68 59.54 0.21 8M2 + 6M1
U JE T R 2n=2x=14=8m+6sm 2A 1.59 62.17 0.29 2L+ 8M2 + 4M1
R. omeiensis var. omeiensis
BRI R. sericea 2n=2x=14=8m+6sm 2A 1.51 61.30 0.21 8M2 + 6M1
FEMEM R mairei 2n=2x=14=8m+6sm 2A 1.60 62.30 0.07 8M2 + 6M1
JIPGIEHE R. sikangensis 2n=2x=14=10m+4sm 2A 1.64 59.79 0.29 2L+ 4M2 + 8M1
PR R zhongdianensis 2n=2x=14=6m+8sm 2A 1.65 63.33 0.29 2L+ 4M2 + 8M1
E2 YN R 2n=2x=14=10m+4sm 2A 1.55 60.09 0.21 2L+ 4M2 + 8M1
R. willmottiae var. glandulifera
HiM-33E R, sertata 2n=2x=14=6sm+8m 2A 1.77 64.30 0.29 2L+ 4M2 + 8M1
PHALT L R. davidii 2n=2x=14=10m+4sm 2A 1.82 60.38 0.14 8M2 + 6M1
UAZE R. banksiopsis 2n=2x=14=8m+6sm 2A 1.53 61.49 0.14 4M2 + 10M1
EEF R R, persetosa 2n=2x=14=8m+6sm 2A 1.57 61.96 0.21 2L+ 4M2 + 8M1
Vi %% R. murielae 2n=2x=14=10m+4sm 2A 1.65 64.70 0.21 6M2 + 8M1
K34 R macrophylla 2n=6x=42=16m+ 26 sm 2A 1.97 63.45 0.38 8L+ 10M2 + 22M1 +2S
HIFAR R. acicularis 2n=6x =42 =24m+ 18 sm 2A 1.96 61.50 0.21 4L+ 12M2 + 24M1 + 28
EVEIEHL R, moyesii 2n=6x=42=28m+ 14 sm 2A 1.82 60.79 0.17 4L+ 12M2 + 24M1 +2S
faEE /KA % 2n=2x=14=10m+4sm 2A 1.78 61.68 021 2L+ 6M2 + 6M1

R. odorata var. pseudoindica
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#R 2

BOR S gkt w2 ik

% 2R A / ; . K 2H R
W4T B AR DERB W o cmmy bl Ratioof oAl
Species Karyotype formula Karyo- &/ Asymme chromosome Constitution of
P AYoP type PR ym R relative length
try index of arm ratio >2
Lt/St
SR IERR R helenae 2n=2x=14=6m+ 8 sm 2A 1.62 63.87 0.21 2L + 4M2 + 8MI
FAET% i R, brunonii 2n=2x=14=8m+ 6 sm 2A 1.96 62.26 0.36 2L +4M2 + 6M1 +2S
JIES TR 2n=2x=14=6m+8 sm 2A 1.79 63.30 0.50 2L+ 6M2 + 4M1 + 28
R. soulieana var. soulieana
HIFL R roxburghii 2n=2x=14=10m+4sm  2A 1.70 60.10 0.07 2L+ 6M2 + 4M1 + 28
FEHIEC R praelucens 2n=10x=70=38m + 32 sm 2B 2.05 62.19 0.30 10L + 18M2 + 38M1 +4S

22 RWHEMUERES
22,1 Mtz &

BT R 3wk, ARl B g AR A 2 A 45S tDNA JEPER A, 13 NMES R (4nfEE
T MRS AR B AR, BEO L. VAR, BUKE. AR, KM, R
T, EVEEM. WMEEAHSMRED BBLT 1 ~ 2 NS AL o, drf i EBOongiRE S . 4B
B WORE . E M. KSR A E 7K H 221 458 rDNA =507 mi B4 5 etk o0 91
J& T Wi TEAL A Tk JE B AR B AR B, PR R, RIAL. BV
45S tDNA =427 pi EAR W SRR 5 e AR — i, RRMRIMMETEAL . HAh 7 ME SRR K
JE P AT 5
222 45StDNA %34z &

M1 IR 3 ATH, AR B A M 7 LR A 3 A 45S 1DNA 252 fr s, Hod 2 AN
MIE SRR, 581 AMESRES: PN B S 3 A, BB R 2 MR, 5
A1 AMRES . HoAl 20 FhiE e i 2 Z21A] 3 (K) 45S rDNA A7 25 30 5 HAs A E, TR 45S rDNA 2%
AL bR T A MR SR BRAAE SIS, WS AR EMIE . 45S (DNA 3807 SR 58 A Wi 5 e
AR FFRIAL, BILTF sm Ge i FE R 1 R s o
223 5STDNA 7 %42 %

BT AR 3 ATAn, 2/, REAUKH ZE. IR, Bk, JIES X 54
TR (A HA RN AR B AR AR 4 A 5SS IDNA 2258 A, HH A 2 M7 A5 458 rDNA 75— X e
ek b, FA 2 AL TE B S — X R G R b AR I R AL 2 43 2R ) R G £ RS
RAE 2 AMRAAL R, H5 45S 1DNA fE—Xf R Gtk o AR i AL oK & [ A 4 4>
5S rDNA 224547 i, B A HAE R 5 2 AN, J5 R R BIRGEA 52 &P & Gtk E5%F 2 4 5STDNA
FAENL AL, EATE 458 rDNA 43I 7EF6 YR G ik b oAt 13 PP 5S rDNA J52 47 S RS
P58 —2, H5 45S rDNA 73560 T AR R Gtk o 5CT 5S tDNA 4387 s7E Je i ik
FRIALE, AREE 6 MYtk EFEECGE 7 X RIS 1 A AR DL RORISE SR 16 XTIUEE 1 4
& ERIAL SRR R RS AREE 11 gtk b fO AL S e AR A, AR 18 XHINEE 2
SeYL AR b [ J A0 AL R S AR S ) RIECE 3 X 5S rDNA J4 A8 A s E Y oAk KB T 25 22 i A,
1 XE G AR I b, 1 AR G R (1) R o s HoAls 17 Fh3% 8% 5S rDNA JRAAL pi #RTE Lt
KRBT E 2 kb, MBS, BEER. BHESR. 2SR, PSR, OORE . IR
B, HAEEM. )IEEHCGX 9 MG 5S iDNA 4438 A7 I et fh S S [R5 e Ak
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455 1DNA SSIDNA  —c RRAALH —= kAL
The hybridization sites The fragile sites
il he A b il he ik et (R S HER
Interphase Metaphase Chromosome pairing and sequencing

ALV R, moyesii

10 pm

BRI R. helenae

10 um

10 um

HIEL R. roxburghii

B1 hERHF 2 HERR AR

Fig.1 Karyotypes of 21 rose species including Rosa praelucens
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*3 EBRE 2 EYPHREEN DNA RZUAHE. NERRMENS

Table 3 Number, location and fragile site of rDNA in the metaphase chromosomes of 21 rose species

i 45S tDNA 5S rDNA JfatEAr i g (A KA E
Species i (A Hom IOAZH Number and location of
Number  Location Number Location fragile site
NI A Rosa graciliflora 2 7S (sm) 2 6L (sm) 1(7S)
U JE T R 2 3S (sm) 2 6L (sm) 1(3S)
R. omeiensis var. omeiensis
BEWPL R sericea 2 4S (sm) 2 SL(2+1. sm) 1 (4S)
EMIEHR R mairei 2 5S (sm) 2 6L (sm) 1(59)
JIVEE5E R. sikangensis 2 5S (sm) 2 7L (sm) 0
HH R R zhongdianensis 2 2S (sm) 2 5L (sm) 0
E T UNUET 2 7S (sm) 4 4L (sm), 7L (sm) 0
R. willmottiae var. glandulifera
B R. sertata 2 3S (sm) 2 5L (m) 1(3S)
PaALT 3R R. davidii 2 5S (sm) 2 6L (sm) 1 (5S)
WAE R. banksiopsis 3 3S (sm) 2 6S, L (sm) 1(38)
Ak R persetosa 2 3S (sm) 2 7S, 7L (2, sm) 1(3S)
ViR #R R murielae 2 5S (sm) 2 6L (sm) 0
K354k R macrophylla 6 7S (sm), 8S (sm), 128 6 11L, S(sm), 17L, 18L 2(7S, 12S)
(sm) (sm)
HFEE R. acicularis 6 5S (sm), 6S (sm), 6 8L, 16L (2), 16S, 18L, 2(5S)
13S (sm) 18S (sm)
TR R moyesii 6 16S (sm), 208 (sm) 6 13L, 14L, 17L (sm) 2(208)
218 (sm)
A KA ZE 2 6S (sm) 4 3L(sm) , 6L (sm) 1 (6S)
R. odorata var. pseudoindica
YU IR R helenae 2 7S (sm) 4 6L (sm), 7L (sm) 0
B R. brunonii 2 7S (sm) 4 6L (sm), 7L (sm) 0
JIEE R 2 7S (sm) 4 6L (sm), 7L (sm) 0
R. soulieana var. soulieana
HZL R. roxburghii 2 3S (sm) 2 3L (sm) 2(39)
I IE R. praelucens 10 9S (sm), 10S (sm), 10 14L (m), 16L (sm), 2 (108)
16S (sm), 20S (sm), 26L (m), 27L (m),
23S (sm) 32L (sm)

e ome PEELRG AR, sm: THREE LR O, S E.

Note: m: Metacentric chromosome, sm: Submetacentric chromosome, S: Short arm.

2.3 E-TF rDNAFISH EM A EFIHAT T gEF A

G, MR 45S rDNA A1 5S rDNA (AN AL, FEWRALIN 2 IR/, H RALAE s & KA
F, GHEAMINRER. Bphk. JFEERL A ALRRIZEX 6 P57 45S Al 5S rDNA [f124
AL AL T 7] X et AR (R R B R b, 1 R R B B Al rDNA S0 T AR Setafhk b, i
X 6 T AN AR B AR SR A

FoR, ARSI T FIPG JL 35 A4 53 2L 1) 1) 5S tDNA IR AE AL 1A 4 MBS R IR 2838
RERE 24, T4 A b g B i 2 2R IR 5SS rDNA 2807 s A 10 4>, dT HkER
S P T A P B AR A B T e . RN B ARG PE AL T 458 1DNA JRAZNL R,
—RME SIS, Hoh 20 ANEF AR b R )1 PGSR A RE R — A 458 rDNA 7 IS S IRE 52
L S E P2 RS S T R B K

wJa, PRmRECE 2 METEAL A, BORAMEVECL AR . WRE . Bk, &t
T MR KM RIS, PR R e A TP R B SR A, TR R A PR
i PO SRR HERR 2 T AR BORA I AT BEE .
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3 Wi

31 #%E

(RS A R, B R A H R AR, WA RGK G HEWRT L] (Stebbins,
197100 AWFFH 21 MG AN KB . A R MR, B, Yefrfhs
HEZHY Jian 55 (2013) #RIERIIEA AR, FEUREIZE A Z A 7257 . Jian 55 (2013)
RIEFIZIHFA 1A, 2A. 1B, 2B 55 4 BB, WiAWF 5 21 MR AR A 2A F1 2B ifFpk
A, MRYE FISH REF @ G R NN E . 28 B3k, Bk, 20k, sk, ok
i EAEKAZE PREM. B mE00xX 9 M ISFEERTEEVEG K. HT RERER G
) 2 R EARIEAIN K AR 22 S, SFEUEHAT H A TR S B Fs T . teak, (R
PR AN (Rt BESR IR AR MR IEAZ T AT REANTR] (5KEF 2%, 2014). XP T HAR A AE 2 Jian %5
(2013) S5RA—BUNERA

32 MeMAREIRI

e AT s R BN A A G e AR ) 2L BR e 724 (Cimprich, 2003). Huang %5 (2008) fF MA37 HARAR
Gy HE A M oy B ) R I R AR B R RIE I e AR G EAL £ 45S rDNA, AT IR TERE
YR I T MEMEAL 2 I AFAE . Huang 25 (2009) it AFM (R 77 5 WER 51| 2 2w YLt i 4F
e 4 B RO AETE 45S (DNA ALsL, SOV A BRENTEL . Fi AR XS HA 22 BRI 2258 1
FEHIIESE T 45S rDNA WetEAL sl (0 I 5 R EAE ARG %, FRZ25E 45S tDNA et Az 5 1) i Iie
5 DNA #5565 (Huangetal., 2012; 241, 2016; Ferreiraetal, 2018). Rocha %% (2016) @it
X SR MBS FI FISH 5 A X B2 22 25 O F 72 & B 45S tDNA BIFETEAL S AR BT X S5 S 7741
Bustamante 25 (2014) X} B3 PIRF 55 2 B 45S rDNA o7 5 e 8] [ T 22 (1 0% AE 1] B 2 5 Wi 26 [R] 4L [
b, FESECH g ek E, XEMA SRR, TR FEO LYY BSOS AR B o
WA R . AREFFH, 14 PR g R A7 7E B R IEVEAL 2, HARTERP R 2R AE
etk z MR RE TR, ArCHESREARBR: G0E | ANV S, A00A 2 MR .
SR, S8 P B AL A2t DNA #5455, R AT . Qe iR 4 B 24 S . et fh s
M AR H AT S8, BRrws A iRiE. MatEAr SR B e i B R E R TIER, B
Bk
3.3 EHE 45S rDNA Z%32 {3 S 41T

45S tDNA #RTERLIE R A YR T, FEAN o A K B S RIA T R X 3, &
SEACR. HETCHRRIE (Akasaka et al., 2002, 2003; FHEL 25, 2012; 5K 4%, 2014, 2018;
Ding etal., 2016) 144 Bl k£ ¥ 1@ BF A= Fi i 45S rDNA 2438 A7 i B0 5 A e AR 1R o A3 36 Hh
AREYM LA 3 AN A, TN EAEHEAL St A 3 4> 45S rDNA (458 07 55, HE
SR 5 2L AR I T HEPEAL i, SRR s B I o BRI A4, A 20 Fh ¥ AR 40 i 4 22 1A
A AR 45S tDNA 12 207 md 305 AR EOHF], X5 H0NaF 74 R — 2.

3.4 E7E 5S rDNA Y3540 S BY4SE
YT, 5SDNA NFRECEE TS, ©HAEREX MmigX Ak, £330 4 fdh,
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AR AR AH B 2 R A B G AR IR A A U AE 2 N 3 ANER 4 S, TR ARSI 5S rDNA 2%
AL RN 8 A, H 5S rDNA 243547 i — 5 45S rDNA 24587 i FAMUEAE T 5% E 1 R TR G (oA bk
FALT R R KB TG 22 0540, IR ILERE R - (Akasaka et al., 2002, 2003; Limetal.,
2005; FKEF 5, 2014). ARWFFLH AR AR AE R A 2 AN ECE 4 4 5S IDNA 22067 AL EAT
YR FRA W RE R, Hrh, G4 A ZH LN R ALE A 15 5S tDNA f7 45
55 45S rDNA L2, Waiiefir T [ —xf [mUR Gtk b, T HAR 8T 5S rDNA £i7 515 45S tDNA
[ I K AR R N i 7SS 2K % Nl

3.5 SERIATRERTEIR

FRPE rDNA 7E G ta ik b 5 s AL & vl HEDAS [0 Fh 8] 5 2 5< & (Linares et al., 1996; Raina
et al., 2001). ¥ 45S rDNA 5 5S rDNA 7EJ kA XA BT AT, 2 B/ N353, i s
KHZE. SRR S5k, JIESR. AR 6 FibhEHEE 25 h m R B MG R
5S rDNA 7E 4 i 43 24 18] 31 1 2 28 A7 s SRR 2 . PH AL 70X 2 R4 RN 2 5 v ) I B T R
FRYE 45S rDNA MEPELL AT R DUHEM A0AE 35 7. RS, BB . B, R TR R
WA SR, PSRRI S S T R A RIEBIN L MRS 45S tDNA 4325 5 IR 55 1 Sl A )1
VO A 3 = A A2 5 T i, EIFESE (2018) HRHE 5S rDNA Fi-4¢
& DNA JFHI LS 25 AR 7t 3. K ak. FI k. 4. /e %8k, ABEk.
Hh ) S A R BUR GG AR B R ReME, HEDIANRE AR, vt k. RS, PRk, L
HARILATREEA . A TS (2018) MHREMARIGHISE R, 7T LIHEG 2 BN 358, G
KAZE, SRRER. SeEEE. NESH. B, PURE . Bk, KsSi. fsm. 24
W, PR, B E . B VRIS T AR BUR IS EAR M AT REME . AR
H B 21 UE4E o7 AHERR )76 3% 202 R RIBUW AT RS A, (H5 2[R & T 2 DU B0iE R s
W, BB, B, S LR AR O R HERR R R B SR s SR A, 1]
P 35 A FL R AR SR AR T BEVE ARG . DRI, AR e o) ol BB R G R B 48 ek 23 A () 5 () 24 A%
RURHIE, S56 0 Fubdi, HED A g B0 R G SR A T R R AT 3 . AR VE 3. v e R A
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