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W IISSRA N, F HILIER A H 5 L7 T ARG EAA_EIrDNAR 5, XAR AT A BRI TS i B e ) 2 2 40k
MR . AR, PR B RIS A RITS BN Z S B & m T 50k, WA BHEMITS A B2 SR %8
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458 IDNAJE— AN 2T 9E 1 2 0k
PSR, 7E s R4 P L% U1 %4 10°-10°(Brown
etal., 1972; Long and Dawid, 1980). Xt N1 HE[A
2 HR G EE A L A7 (E (Brown et al., 1972; Long and
Dawid, 1980), 4371 J-%& K41 — A2 2 /M b
(Long and Dawid, 1980; Pedersen and Linde-
Laursen, 1994). & —/EE 0 0HE3rRNAKEA
(18S rRNA. 5.8S rRNAFI126S rRNA), FEXZ [l
H 8% 3 18] B X (internal  transcribed spacer, ITS1
ITS2)B% I - IDNAJE A SR HEAR T2 RE iR, ok
(7] el A A PRINA S R 55 T 1) B 52 . e 48 W T 1 43 A
L, I HOX R R I s T “ H AR YR e
YR A 1R A B G (Zimmer et al., 1980). iz ffi 15
[Fi] — 3 AT 41 PN (1) rDNAEE 53 50 70 DR 5 B2 11— 30k,
X 1R R 1R 0 A0 SRE Bk — B0 12 4k (concerted
evolution)(Dover, 1982; Ohta and Dover, 1984). £ 4
SR T 90 52 R rRNAKE PR K% — S50 AL A =X
(Hillis et al., 1991; Wendel et al., 1995; Kovarik et al.,
2005; Eickbush and Eickbush, 2007). fziT, Ganley
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HKobayashi(2007)fif Fil S5 4G5 XF 54> LR P RldEAT 42
FERZHM e, 45 RRY], X550 E B A rDNATR] 2 11
s, B AT A A R A T ST 4 T R s R A A
Yo JB)—SERE I 7 T AL AN SE AL e (unequal
crossover). K (gene conversion)flI3E [k 3 1
(gene amplification)%(Zimmer et al., 1980; Arnheim
et al., 1980; Dover, 1982; Hillis et al., 1991).

1M ArDNAA [1118S . 5.8SH126SHE A7+ 41t L
EAG M HAH PR SF, AHAL TIX 34N BE P 7 41) 2 (0] ) e
SKIAIRE DX (ITS) 3 471 1) A e o 215k, HATSHEAT —
Bt A, AR e AL A R DU A, BT
PCRY™ 3 =4 kAT H £ /7 (Bailey et al., 2003). ITS
J7 B 1R I BE AR AT A5 1 A B4 1 1 R ) 3R e 2
FUrb BCH 1 4y F AR id 2 — (Baldwin et al., 1995;
Alvarez and Wendel, 2003), #) ZNH T REEH
WFFEH, R o MT BARSE H R SR G K &R A
AR AT YR 2 A5 7R DL BRI 2 A5 R B S5 VP 2 &
G ST OCRE M . Ak, EAERN K
YEJIDNAZIEAL IR 1 (IR PR MR 2 3, 2010). 4R
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P Keller%:(2006) (1) 4 it, 2000-20064F 7] Lk £ T
3 0005 LA ) R DNAFY F1 IR 518 3 o

SR, T AR 22 (MBI 90 R IR IT S J 51/ S
LE N R AR N B AL 2 AT (S KRR E,
2006; Xiao et al., 2010). Fil&Kellers:(2006) 5 3,
{tPodisma pedestris{f A [F AR A5 T VR 2w
GG rDNAE & fon, HiX 48 7 (1 rDNAZK %
{EPodismazi Z i AE T 2 /01 100)14E., e+,
Zheng%:(2008) %} AL J& (Pyrus L. )19/ EAT T T
5%, RIILITSX I (1TS1.5.8SFIITS2) N A7 AE AR FE
FERIA RN 2280k H2, X271 E NS
BRI IE 2 )z o0 A (A, WA R dE— 29T,

L 2% )& (Camellia L.) /& 1L 75 EH(Theaceae) ik
g LBAF KRS, Hiret iz Eyeif
2120300 P (5K % 15 FIATE 353, 1998; X K #x,
2000). fHiE—EL LR, XF il @y i dh 24 45 LA
KRG E KB Z 1 (TK 208 FIAE 350
1998; K4k, 2000). 14 & K2 Thrid, ITS
FE AN REAR 2 W90 e B TR vl ok )8 &R 480y K
(R HE R 45 55, 2004; #1265, 2006), {H7ERH]
W) TV 2 RAE, ) AR A L R R
TS v B IIPCRY™ M =Wy i AT HAL W e o fedlr, 4R
HMEARSEHRE T 2R R ITS Fr BON H HA b i A
filt R TJ7iE, RINLZRJEA AR IITS i Bl 2 4851
(Vijayan and Tsou, 2008).

EFRAT T IS, XL 2% (C. japonica)lty
rONAZEATIIF, 4 REW], ITS/FA EARfEA Tl
J& A8 )5 A 11 SSR(simple sequence repeat)fi £,
AR INTSEA AN I Z AP THL . A
S DALl o JE FE ) A W TR B, EERHITS BRI
SSRAL /AT 1, K MNTSAE (LR @R N & B A7
1E) 2 KB Z AN, LUHE 7R rDNALE L2 J& (1)
WA, TF B A5 PP 1 22 5 S ITS K 2 38 1%
R E AR o
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AR SE B L 2% 140N R AR 0 AR, e A1
TR IR RAGABLL A 144N B KAy KA S
144 P OA, A AFEPEIIRISE . PRl 5 Kok

PRI IR, K2 B D A < e [ s o S o el
FIRPAREE (KA K o BEHLIBCE DNAR SR AR K 22 %Y
K EIEAAEY, SRR TR TR, WA
PN ORAT . MR AR BL S KA .

1.2 DNARE. 35[41%it. PCRYER % &%
gl
WEER YIRS R IR 78 4 1455 F T DNASZ I
K JHICTAB:(Doyle and Doyle, 1987)4& Bt 4 i
DNA. 51#(K2)H AL = AT K (Xu et al,
2009), g TAH) TREAT BR A W) 6 B

PCRY™ 1448 Fifg f RE R A W RHB A IR A W
(¥ Taqh, 7RIV RS P HFP W R: 94°C
A PEASY Bh; 94°CARTEIOFD, HH ML E (W% 2)iE K
15340, 72°CIEM30FD, 354K, 72°CLEM104: 8k
PCR "4 14°CLiA7

FH 4% (1) 5 1A 955 19 I A% P8 gk Jss Wl 9k A6 U PCR ™
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PeBL P G 10-1570 B L th 5 e AXUZE /K e 2
W, SR GHN K 21200 mL 45 0.4% H i i
1.5%NaOH I 1 51010080 A2 A7 o Yo i o3
TERRIR BT o 68 )5 FHWZK B2k, SR )5 H
bl AR HL(Sony Inc.)#1 R IFi0 5%
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PCRY™ 4 Je Hiyk 5 I WK1, FH5IMITS-R1y 44, =
AR RO T, RAKEZ SN, K
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AMMX AL, 410%, HFC. chekiangoleosa:
AR S B 2, 1834 MAESIITS-RIMY™
e R, I 90% I MR RAT 2 A&, LEdI Ak,
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2 186% .
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Table 2 Primer sequences used in this study

Code Primer sequence (5'-3’) Repeat motif Annealing temperature Source

ITS-R1  F:5-GGAAGTAAAAGTCGTAACAAGG-3° (CGGAA)s Start from 62°C, —1°C per cycle Xu et al., 2009
R:5-GACARGTTCGCGGGTCGTY-3’ until 53°C

ITS-R2 F:5-AAGGAACCCGAACGAAGA-3 (A) 58°C Xu et al., 2009
R:5-ACGTGCCCTCAACCTAATG-3’

ITS-R3 F:5-CGTCTGCCTGGGCGTCT-3’ (CG)s 58°C This study

R:5-TTTGTCAACCACCACTCGTC-3’

S A R 0, e R A EAT 2 A5

2.2 AMEEMITSEIIKES &=

N T B8 E (R ) B AN [ AN A RIS 1 91 2 75 A7 A5 22
S, EHCT 24N 1 2 A AR AT ARSI o 45 3K 1,
ESIMITS-R1TBA, C. forrestiiff]— M MAS L
N, LA/, 5 MW ENI; FIFEESY
ITS-R1/7 B W, C. longipedicellatalf)24~ M) 4%
B AN, 4y 28 eI B, W

2.3 AFREHEDFHEITSKEZSHENER

W 05 PR (0 1L 28 B AR (1) 40 D A AR 2 A A
(ELFhdx. 6% 8X)24, 4 HIAE3X 51 W36 v B
RIITSKEZ S 2R . 51 WITS-R1A
ITS-R24™ 14, 2 £ 44 M 1) 4% s #1418 (2.22
1.44) KT —f54K(1.54. 1.33); 51ITS-R3NIAH 2,
AR A BN ME (2.5) KT 2 5 1K(2.22) . X3
P51 0y 3G v Bear i HEAT Bl ST RE AR ¢ A 56
(SPSS13.0), 4i RAEW], i iAM 2 A5 AP M 1 5
it KB AN AFAE B V2% S (5-0.976, P=0.353; t=
-0.659, P=0.515; t=0.223, P=0.825).

24 i

S AR B 5K 22 I8 40 2K R G184 (11144140 F+
FEARR, i), AR, EiXee Lk Eyh
H, ITSHEAE 2 A8 LB =18 93%, BEIITS v BiAf
R EZSMENING L Z AR, 1 HITSHZ A&
MR R . LLC. japonicayffl, L #5547 35 (5]
YITS-R1), # 51#ITS-R1HITS-R3 2 [i] I i 4 %
F, Hp Al ik3x2=6F. Hubnl i, iA@Y
(/44 I IDNAT AR AR, JE— St b B %

ZARAE, X5 H Wb b % b A7 A K rDNAZE A AR X
ZNEIB

M AR F UL 7 B EPITS P B
Wi ) 2 A E, HF Bk — Bk 2 VF 2 ST ER
KW, AT A S Qe AR e 21 LU AL T A [m) e A (1)
{7 58] B 2% 5y e A — B0k 12 4k (Schidtterer and
Tautz, 1994; Copenhaver and Pikaard, 1996; Po-
lanco et al., 1998; Parkin and Butlin, 2004), X 44~
S AT M A QH R e € A4 2 1) LU AR A ok G 444 2 TR] 53
ARUES, BT LA pi 2 TR] 0 35 D) B 2 A 3 LU A7 R Y AR
4% (Copenhaver and Pikaard, 1996; Zhang and
Sang, 1999; Eickbush and Eickbush, 2007). %% /)5
Rr AT 45 AR, LR B A (I rDNA E AL U 2,
M H KA TASFE Gtk b inoSf5kC. reticulata
A8 AL, AT T8 & Yt ik I, —f%{kC.
japonicath 74/ 47 pii, 7 T4% Gtk I (Gu and
Xiao, 2003). Ll /@I rDNA_E A7 f A7 AE,
A BE S BHAFAGEAT I R A, HAE— @ Wik —
AR . AT R DA AR B N, R —
Bvkiktk, A= T 25 (Keller et al., 2006; )
4T IEFIES 45, 2010).

LEBATTHHT RG2S A TS
H FAFAEAT T-SSRA i, fER HilidFirh, SSRA fikt
B A B RS B A o A AR B, AR BRI ) HE B
J¥, #iDNATESEIEA 9k 26 i, At DA ERW
ekl 2 K 424k (Schidtterer and Tautz, 1992). 1A
ARSI VAR, A R P 41 I DNARIAR 7
ST, DNAZE GBI S a3, WIS R
BLHEI B AN v, AR AR N 2 IR o 1 A e K-
(Strand et al., 1993). Kk, L% EHYNTSF4H 17
TEMRR IR SSRAZ s v] fig it B m 2 AV I —
AR
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AL, WZRJEMY) 2 N Ae by, Fhia) Zeag 4R H
Wikt (Parks, 1990), X7 gt FEUTSZ AMEM —
AR o e, ASE I rDNARE DIn] fedbfr—5E
I R), B3 A A — 3k 3k 4k (Wendel, 2000).

B TAMAN I Z 80, S FErh A e R T
AT PITS Z2 5P o 2 A Tl AN A A8 AN 7] b 5 AR B
M o] fE i & 22 5, InASEEG h (1 C. longipedicellata,
AR AR AT VIR, 51— A ALY
Tl el AN 5 1 b () /A, AT IR St Bt AN A R . 55
Ab, hZRJE NAEET 2 I 2 A5 B4 (Kondo, 1977a,
1977b,1978), 7] BE 233 J [ — PRl AS [l A 1 T) 1) 22
A, WifEC. forrestiit, —. M. NG RI,
A S 2R YEASE], AR AT REH L2 S
MG .
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& R4 i (Campbell et al., 1997), — &btk
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Polymorphism of the Internal Transcribed Spacer of rDNA in
Camellia——an Escape from Concerted Evolution

Ying Xu', Jing Xu"?, Jiyin Gao®**, Wenju Zhang"

"Key Laboratory for Biodiversity Science and Ecological Engineering, Ministry of Education, Institute of Biodiversity Science,
School of Life Sciences, Fudan University, Shanghai 200433, China; ZGuangdong Palm Landscape Architecture Research
Institute, Zhongshan 528416, China; 3Shanghai Information Center for Life Sciences, Chinese Academy of Sciences,
Shanghai 200031, China; “Subtropical Forestry Research Institute, Chinese Academy of Forestry
Sciences, Fuyang 311400, China

Abstract In this study, we used 3 pairs of simple sequence repeat (SSR) markers from the 45S rDNA internal tran-
scribed spacer (ITS) for PCR amplification in 40 species of Camellia to detect polymorphism in Camellia and the rela-
tionship between ploidy and polymorphism of species. In total, 37 species (92.5%) exhibited length polymorphism within
individuals. At least 2-6 types of the ITS copies were found in individuals of these species, which indicates that
non-concerted evolution is common in the ITS fragments in Camellia. Extensive non-concerted evolution may have re-
sulted from SSR loci, which slip easily in the ITS region, and multiple rDNA loci that are located on different chromo-
somes. However, we did not find a significant difference in polymorphism between polyploidy and diploid. The polymor-
phism of the ITS region in Camellia species shows that there may be a more complex model of evolution in the rDNA of
the genus, so the ITS sequences should be used with caution in solving the systematics problems of the genus.

Key words Camellia, concerted evolution, polymorphism, rDNA ITS
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