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Abstract; Golden camellias, belonging to the genus Camellia (Theaceae)and distributed in a narrow region of
southern China and northern Vietnam, are very famous ornamental plants and useful genetic resources for
commercial cultivation, but their phylogenetic relationships have been controversial during the recent decade.
In this paper,the nuclectide sequences of the internal transcribed spacer(ITS)of nuclear ribosomal DNA in 22
taxa of the sect. Chrysantha in China and C. sinensis of the sect. Thea as an outgroup were determined by direct
dequencing of PCR-amplified DNA fragments. The total length of the ITS1 and 1TS2 regions of the sect.
Chrysantha in China ranged from 476 to 496 base pairs(bp),and the GC content was over 70% in the 22 taxa,
Sequence divergences were estimated using Kimura two-parameter model,and the phylogenetic analysis were
performed using the maximum parsimony(MP) ,the neighbor-joining(NJ]),and the maximum likelthood(ML)
methods. The ITS data suggest (1) C. longruiensis, C. longgangensis, C. ptilosperma, C. flavida, C. im-
pressinervis and C. grandis are closely related; (2)C. parvipeta,C. multipetala,C. chrysanthoides,C. micrian-
tha,C. riashiensis,and C. longzhouensis have closed relationship.
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4 25 41 (sect. Chrysantha Chang) J& L4 X #l
(Theaceae) L} 25 )& (Camellia) , £ X AP T E
SHTRE WEHBREEIL, AR H TR
MAzE. BARARGHNE, EEEZ ELRE
HEMNNWE. SEXI—-RRPEY. BREEE
(C. euphlebia) FREUEXMEREE RN KR
Y.

SKEK (19T B S HEFAN, T NEIE
WAL 2L (Camellia flava (Pitard) Sealy) . A ZE &7
2K (C. aurea Chang) . &K . MR EEK . Bk &
R EHEAERMEXKEERF T4, 25F
0B MFAABHER. FHEHRFLUBGGEE
THELHRRI X 4 B E (RRBRE,1993), &k
(1991,1996) (IHE1 % %5 (1992) F X K 4% % (1993) %t
SEFAHEYEBET 2E N ITIE BN — 4%
PR ACHEAEEN . 1998 4 1L 28R L 25 TR ( AP
HEYE IR GREEH,1998) , ERINW &R
HHEY 8™ EF oA TREN 16 #. BAER
R & R R #E,2000),

MEEFAHEYOIESHEN ERESMER
SHTHCAHFENR, BELF QIR T &E
KEF NIZXEERATTL2EMELSE. NA
RAPD(RE A& %, 1998; i 4 4 5%, 1998) Ml AFLP
(BREE, 2000 B £ EXAEYHTT &
o ZXRBET 22 M EHFXHABYHHLEH
(BFETABAFGFK ITS K75 H #4755,
BERNETH - SHETSEFHEYNRERENEE
RrERE, A& EREYRH R EES R ARHA
RUFE KT,

1 AR R %

1.1 {4+ #

RMNERR HEEERNKRESHER I
MHE RSB N ERTARKEMHOLS
PTRE, RIS E AT DNA $#; H MF 6 H
B &G T K, WEISLEE, REM AT DNA
BRI, AHFEAAEY S EKE EIEFREFERL
#1,

1.2 DNARE. ¥ 505

SEA CTAB 3 (Doyle %,1987) 2 IR Y &
DNA, ¥ DNA BB s k#7446, nrDNA ITS
X A Bl % ITS4(5’-TCCTCCGCTTATTGATAT-

AGC-3’) f1 ITS5(5’-GGAAGTAAAAGTCGTA-
ACAAGG-3’) ¥ F .94 CH A M 3 min;EFELL 94
C 1 min,50 C 2 min,72 ‘C 2 min,25 MEH; BE
72 CHRE 10 min #iTH ¥, PCR RE>Y £
QIAquin #ifb ik 44k, A 8 38 7 (X7 R, 51
P& ITS4 #1 N18L18 (5’-AAGTCGTAACAAG-
GTTTC-3’),
1.3 DNA F 54 #f

F % HE5 A Clustal X(Thompson %,1997) %]
H,#H—F A AT &XHEF]. A PAUP 4. 0(Swof-
ford,1999) ¥ fa] £ ¥ (parsimony) F1 4 # B (neigh-
bor-joining) (Saitou 1 Nei, 1987) & ITS £ 4 H,
HITRERB N, EEAINTH, TAEHTALE
SRARALHE, FEPEE T H R A Kimura 2-2 3068
B (Kimura,1980) , ¥ & ITS S &M, B ADRKH
(maximum likelihood (ML) tree) #8# HKY 4%
KRR PUZZLE 5. 0 i+ 8 (Schmidt 4§,2000; St-
rimmer 2£,1996 ; Hasegawa 55,1985), #LAIIZKE
K (sect. Thea) B ZXVE R HP KB,

2 &R

MEHESEZEYH TS REFIKER 476~
496 bp, ¥ 71 ITS1 % 243~261 bp,ITS2 K 228~
246 bp, &M HFIEE B —1 562 MU AKS
B, HA 75 LR R 28 LR X R A b
RAMMBEENS. GCERBER,.HBIT 70X,
FXNEK GCHEEFIRESIBEERAHEYM ITS
X REERSERE. A Kimura 2-28018H R
EE ITS Fol e BE . HMmBEHBREERAT
0.00%~5.02% 2k 2). BAEREETFESE
EXREWESEFZE . B/MIFETHFREER
HWmEX BMNEEZERAEEX B &K
RE/MREERENDELSAETRZHE.

& 1 A4S R0 E—BH, K 125,
—H B (CDO. 664, 4R #E4E L (RIO. 641,RC
=0.425 6, HREW 3 M X H I X FEX
MM R GL% 68% M 71%), EWMEHE T ESE
X BFEEER BELEXMAMNEEREFS
MEX 3 XAy, SERE DESREXE
AR, BREERF oM/ E 343 Ext M,
BINTHITHIXHFERBEYER (62%.79%
82%), BAMAR (E HHFEMELTM H%,
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Table 1 Origin and vouchers of accessions used for this study and their GenBank accession numbers

4258 Taxon FEHEPR A Voucher ¥ I8 Origin

FIR &K Camellia achrysantha AW 127 SEXRAEBRE. T AET AF315496

WM &R C. chrysanthoides B4 108 EXEYERE. ] mEN AF315483

EE SR C fascicularis it B 93527 EFH#HYHRERE . =BREY AF315485
WW&#K C. flavida BHE 129 HEAEYE R, AR AF315480
KEE& K C. grandis BARW 107 BAE Y E R, A AF315488
BMEER C. huana Bl % 2874 BN O B TS B R AF315489
Bk & 1E3& C. impressinervis HAH 106 HAEy RS, K AF315486,AF315487
BELEIEXR C. liberofilamenta H Ak 1431 M E OB 2T B i AF315490
FrRE&ER C. limonia Ri 4 v 102 BEWEY ER I, K AF315479

F R4k C longgangensis BB 104 EXE RIS, mENXK AF315477
B E R C. longruiensis B4 130 ENHEDEBE, T EmERK AF315478

Je M 4 #2% C. longzhouensis B 111 WM E R, TR AF315494, AF315495
4% C micrantha HAW 128 SHFEAERE,ARET AF315484

EME LXK C. multipetala Rrgws 131 SEXAERE AR T AF315471

& ¥k C. nitidissima w101 EAEDRERE, ] EENK AF315470
ML % C. parvipetala BB 109 EXBEYERE., AN AF315482

¥R EHR C. pingguoensis BAW 116 B ER L, A AF315475
T4 & ok C. pingguoensis var. terminalis BN 112 EAEDERE, AN AF315476
EHEIXK C. ptilosperma AW 110 EABYERIE, T mERK AF315491

EME WX C pubipetala B4 103 A ER L, A AF315472,AF315473
FEMEIX C. tunghinensis BAW 115 EAEDERE, S mEEK AF315474

B A &% C xiashiensis B 125 EHEAEBRIE. T AET AF315493

2 * C. sinensis B 4% 132 i Ry AF315492

* 528 Ourgroup

T2 &EFHEYHN Kimura 2-SYBHEEE

Table 2 Kimura two-parameter distances of the golden-camellias in China

1 2 3 1 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
1 —
2 0.0435 -
3 0.0348 0.0428 —
4 0.0330 0.0463 0.0308 —
5 0.0330 0.0463 0.0308 0.0000 —
6 0.0326 0.0389 0.0304 0.0125 0.0125 —
7 0.0238 0.0345 0.0238 0.0106 0.0106 0.0147 —
8 0.0260 0. 0369 0.0260 0.0084 0.0084 0.0126 0.0021 —
9 0.0301 ©.0426 0.0299 0.0211 0.0211 0.0210 0.0147 0.0126 —
10 0.0301 ©.0428 0.0320 0.0415 0.0415 0.0410 0.0300 0.0323 0.0294 -
11 0.0257 0.0388 0.0280 ©.0370 0.0370 0.0365 0.0256 0.0278 0.0319 0.0lo5 —
12 0.0257 0.0383 0.0276 0.0370 0.0370 0.0365 0.0256 0.0278 0.0315 0.0]03 0.0000 —
13 0.0257 0.0388 0.0280 0.0370 0.0370 0.0365 0.0256 0.0278 0.0319 0.0105 0.0000 0.0000 —
14 0.0279 0. 0411 0. 0258 0.0370 0.0370 0.0365 0.0256 0. 0278 0.0341 0.0126 0.002] 0.0021 0.0021 —
15 0.0279 0. 0411 0.0258 0.0370 0.0370 0.0365 0.0256 0.0278 0.0341 0.0126 0.0021 0.0021 0.0021 0.0000 —
16 0.0260 0.0393 0.0284 0.0370 0.0370 0.0370 0.0259 0.0232 0.0323 0.0106 0.0000 0.0000 0.0000 0.002] 0.0021 —
17 0.0257 0.0388 0.0280 0.0370 0.0370 0.0365 0.0256 0.0278 0.0297 0. 0083 0.0062 0.0062 0.0062 0.0084 0.0084 0.0063 ~—
18 0.0278 0.0386 0.0302 0.0391 0.0391 0. 0387 0.0277 0. 0300 0.0362 0. 0147 0.0104 0.0104 0.0104 0.0126 0.0126 0.0106 0.0104 —
19 0.0282 0.0349 0.0373 0.0347 0.0347 0.0304 0.0281 0.0304 0.0280 0.0214 0.0192 0.0192 0.0192 0.0214 0.0214 0.0192 0.0170 0.0192 —
20 0. 0388 0.0502 0. 0392 0.0420 0.0420 0.0415 0.0347 0.0371 0.0345 0.0278 0.0256 0.0256 0.0256 0.0278 0.0278 0.0260 0.0234 0.0256 0.030Z2 ~—
21 0.0304 0.0416 0.0328 0.0393 0.0393 0.0393 0.0262 0.0285 0.0324 0. 0258 0.0215 0.0215 0.0215 0.0237 0.0237 0.0215 0.0214 0.0193 0.0237 0.0215 —
22 0.0216 0.0328 0.0307 0.0285 0.0285 0. 0241 0.0Z18 0.0241 0.0261 0.0194 0.0150 0.0150 0.0150 0.0172 0.0172 0.0150 0.0150 0.0172 0.0107 0.0259 0.0172 —

1=Cuamellia. pubipetala; 2=C. achrysantha; 3=C. fascicularis; 4=C. longruiensis; 5=C. longgangensis; 6 =C. ptilosperma; 7=C.
flavida; 8=C. grandis; 9=C. impressinervis; 10=C. nitinissima; 11=_C. parvipetala; 12=C. micrantha; 13=C. chrysanthoides; 14=C.
xiashiensis; 15=C. longzhouensis; 16 =C. multipetala; 17=C. tunghinensts; 18 =C. limonia; 19=C. libero filamenta; 20=C. pingguovensis

var, terminalis; 21=C, pingguoensis; 22=C. huana.
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HEMAR 22 HIW XN HREMN
(52%6.79%) , EX WA XA 4 T XFREGH LS
SOHF 3WAZ P HFRA RSB KR AW FE
BRI NI RL—B R AT HAMNEE
RMBEEHRAN RA ONKIHR, X558
KEAR M EWNEFTAR .

C. sinensis*

C. hana

C. liberoftlamenta

C. fascicularis

C. achrysantha

C. pubrpetala

C. nitinissini

C. tunghinesis

51 C. limonia

C. parvipetala
—————C. micrantha

70

C. chrysunthoides

F—————C. tmltipetala
_il———c longzhonensiy
. C. xinshiensis

n [—C pingenoensis var. terriinal
. ,
C. pinggnoensis

C. ptilosperma

C. flavida

68

C. grandis

C. impressinervis

_ﬂ‘:(‘ " longriiensis

C. longgangensis

B1 ™HE—3H

Fig. 1 The strict consensus tree

BREATH B L X ERETFH Bootstrap
A (ER 1000 KIKBHXIFEE.
Derived from parsimony analysis with nrtDNA ITS sequences.
Sterisk( * ) indicates the cutgroup used to root the trees,
Numbers above branches represent the bootstrap values
(%) for the clades based on 1 000 replications.
Tree length=125,CI=0. 6640, RI=0. 6410,

3 it

S TRELXEBEFRENRERNHEIER
(Camellia luteo flora) SpERIE T & 25 H Gk F &
%,1998) Bt ARFER(IRRE,1993), &1
FAGSAHTREMNLFY AT 30 21N (EHE
PR (MG 2%5F,1992; IR %,1993) , B
(I99DANFTARFH, PEMY F CGkELRE,1998)
EEAMHFH R 16 # 2 Z5F#, 1 E(1992) HHMR
15 f 2 25 b, (YRR 2 (1993,2000) H K 12 7 4
TR, B P L1 A7 & 254 (sect. Archezamellia) |

C. sineusis*

C. liberofitamenta

C. fascicularis

C. achrysantha

C. pubipetala

C. huana

79 C. pingguoensis var. terntinal
L— ¢ pingguoensis
C. itnpressintervis

82 C. flavida
62

H

C. ptilospenna

63

C. grandis

C. longruiensts

1

C. longgangensis

C. limonia

62 86— C. nitinissima
L C. tunghinesis

C. micrantha

83

C. mnltipetala

87

C. chrysanthoides

C. parvipetala

58 C. longzhouensis

’

C. xiashiensis

B2 PR

Fig. 2 The neighbor-joining tree

HE ITS FPI%EMA Kimura -2 ERETEY, AX LK
Bl Bootstrap T (E X 1 000 YO KM XIFEA.
Using Kimura two-parameter distances based on the nr DNA
ITS sequences. Numbers above branches represent the
bootstrap values( %) for the clades in 1 000 replicates.

1 775 SE B ZX4H (sect. Stereocarpus), 3t %R
SUFRABYN G R BEERKI B .

ARV RENRETSEXAHYNESR
ABRER. EMEUR FELUR PRLMWE.
SR AXNEER TEREERMER SRS
A EMYECRESS,1998) KA, X MBS
BE BN (RIS, 1992 b BB %5, 1993) , TE BB
oA LEMSROLABRI IR, RMEEXR
MEESERERBELA LSS RAMYERR
T AR KU NG AR E R AR RIE,
MAEEHEREELRHEN —1T# BENERSLE
FH— P EMLE, E3FRENP, CNHELE—
By H AN BRI X RERTLY%.79%.95%) %5
R RIEREY,

EIRRGEWN T ARBEEER THSHX.
BRELR . FREWK . KESHEXMMF LS
4 AR B 53 ST EREL A A X B2 R A SRR R (680,82 %
8920) MK EHREESLSHEHERE K, B
HREANFSERTRENA. EM S FaosEs
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C. sinensis*

C. pubipetala

C. liberofilamenta

2

C. hauna

C. piiggnoenses var. terarinal
C. pingguoensis
— C. limonia

C. punapetulu

C. niicrantha

C. chrysanthoides

C. mudripetalu

C. xinshivnsis

951 C. longzhouwensiy

_r C. nitmssiina
67 ¢

. tunghinesis

C. fasciculuris
51
— C. uchrysuntha
C. flavide

B 89

53 C. impressineniy

C. grandis

54
C. ptilospennn

C. longruiensis

C. longgamgensiy
0.01 substitutions / site

B3 BARRK
Fig. 3 The Maximum likelihood tree

4% FIAEFER 1 000 KA FBNE 41
Based ITS sequences using PUZZLE 5. 0 according to HKY
model. Numbers above branches are values (%) of
1 000 quartet puzzling searches. logl.=-1 393.57.

A ], BRI (2000) ¥ © 410 I 58 —F BR8]
TR, M EIMF (1992) KB & E 2% Z S Kot
AFPRAFE—FEAIREEAR, PEEAYECGREE
%1998 T 2 IR EE MRS
X, ITSKFEFMHEREXHTNMAEBHMEIR
MEGXR FIHREREAZTEFRNELETN
ITS 3584 —%,iX 5 AFLP 2 #r B 45 R AL (B
BEE, 2000, XFHEMNHFR—-MEIRESE
KR OELHERS .
EAWEBHRAEARMBERM P, HETE
FKEIMBER— L BXIFREMGLL .62, K
RRBE/MNBEER MESER B SR ER
EWFR . BASEFHMBMELITSF 6 AN TE
NEXEREET0%,87%)  ERABAR P HX
R AR A X RRRE 99X KRATTINES
EREXEE,AFLP A SR B X FRX — S UE
BEF,2000), MEMNHLEZEZERAFESE
(MBI %,1992; Tk 8% ,1998; R R #75%, 2000,
FEENERALFHETSER DBELR B
HEEFMBEMNEHESE. ITSFIIFNMEREHE

AEHFHEMNELTREER  ENMNRAR—/
Y, /RS REETEEEN ITSKFH —
BLAREERSUEFHAIHG ITSFERRE—
B MRENBEEFIINBAX=ZMHHEYTER
fl—H#EY. NFIILBERRESWER, XFH
X 6 NFPATE IR 1 R RO M & B3R 2 R Bt
EEFFEMEIEE.

ITSKFFIAMMNERYES AFLP A& R (F
W%, 2000) BAL, T 5 RAPD M &R (FH
W2 ,1998; ME AL, 1998) BAMAER, ITSKFF
5| & AFLP tt RAPD 4 EE FAT A MEZRXR
BIEME R L FB, Al ITS K75 & AFLP
SMERERIMEEREEPHEAREXRR.

RARBF RGN ER . FM AR LA FH
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