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Intraspecies Relationships in Citrullus lanatus Infered from ITS Sequence Data
Zhou Xianzhi', Chen Sheng', Wu Yufen', Chen Yang', Zhao Yijie®
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*Fuzhou Institute of Agricultural Sciences, Fuzhou 350018)

Abstract: [OBJECTIVE] A phylogeny of the subspecies in Citrullus lanatus, which comprises subsp.
Mucosospermus, subsp. Vulgaris, 3 cultivators from China, 3 cultivators from. Ghana and one from
Burkina Faso, was reconstructed based on the nucleotide sequences of ITS regions of rDNA. To eluci-
date relationships among intraspecies in Citrullus lanatus. And to assess the biogeography of the spe-
cies. [RESULTS]Phylogenetic analyses indicated that there were 27 variable sites which were 5.93%
of entire sequence and 6 informative sites which were 1.32% of total sequence in Citrullus lanatus. The
length range of ITS sequnce in Citrullus lanatus was from 455 to 473 bp, the percentage of G + C con-
tent varied from 61.49% to 63.41%. [CONCLUSION]Topology obtained for the ITS data revealed that
geographical differentiation in Citrullus lanatus from China and Africa. Analysis of the internal tran-
scribed spacer sequences is a good tool to discriminate subspecies in Citrullus lanatus and was useful
in Citrullus lanatus new species introduction, breeding, and molecular evolution research.
Key words: Citrullus lanatus, ribosome DNA (rDNA), internal transcribed spacer (its), intraspecies dif-
ferentiation
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il 4% A A2 [ o ORBR B A o LT w45 I B v T £ s
2R G % A4 E LA SR A R 204K

HRI, 78 A 35 4% 2% G 58 R 1K 28 58 — 2 A
RV E . SRR I AL 5 52 B0 G0 355 56 A
S, i HAEAE R th 2 S FE LR AR T 45 2R .
I 28 IR AT — FBOG 0 R 06 0 ST fie bl B PR Y il
T ANl T ) i DR 2R 4 5 047 70 A 2 LA 2 5 0 T 1
ST R . &A1 % # K Ml RAPD (Random Ampli-
fied Polymorphic DNA, Fifi JL 4 1% 2 2 ¥ DNA)",
SSR (Simple Sequence Repeat, fij ¥ Jy %1 8 & ) 2,
AFLP (Amplified Fragment Length Polymorphism,
¥ R B K 2 &)™ SRAP (Sequence-Related
Amplified polymorphism , A 07 5119 38 £ A& o ) W4%
BORBEAT T V5 R SE Gk M4 g, 1 108 /3
Fe FERE AR JLPR AT, Wl o 1) 22 28 R B /D, A X d R ad
R I R A ARG

W) 4% B A P % 5% W) B X 1TS (Internal tran-
scribed spacer) (18S-5.85-26S) fT 5% (3% $ & J1 7N,
BEAG R B, FEY) MR R B K 22 o BRI
FLAZ L) 240 i 5 D) 20 o oA 8 s 1) B8 DX 270 AT RAAE Oy
AR A AR o ITS S e B AR R Bl B R 7K1 3
2 43 T 16 A B, 32 2004 4 10 ] £F GenBanK 1 4
THEPEPITS P41 36000 455 1% 7 B V) v
TAERY B M R 5 BE RO A R & s AR
TIPSR 2 K 3R KRG R BT, A 500 e O
kT 3Rk A AS [ DR G I R ITS
H1, 5 GenBank I CU A7 1640 V5 R ITS HEAT T LL XS
Iy AT, B AR I HET 73 A AN [ R AN ] A ) G R
(K ITS J¥ 31, W 5T PH I R 20 A AT A% 22 R4,
YN IR G RS N7 S/
1 BRI 5FZE
1.1 #H kR

BRI WA 1.
1.2 »t K A B4 DNA 2

T 15 ml B, K 0.1 g M FH VRS 14l
A, I 600 L ¥H ) CTAB 2 HUZZ vl (50 mM
Tris-HC1, pH8.0; 20 mM EDTA; 2%CTAB; 1.4 mM
NaCl, I FH T I 2% B-%idk L), IR 5 & T 65°C
K IR 45 min, HI ARSI HIK:4°CF 12 000rpm
250 20 min, B IS BIH0 1.5 ml B0 i
WOMNERFATA AT - R4 « 1), B B0
M IGUE L B N FE 71T 4°CF 12 000 rpm
0 10 mine ¥ EIE /N0 BUH I 1.5 ml &0
s N 2/3 MRB T 1) S IR, DR1E RS, B T-20CF

R1 HESRIE

By i J5i 77 b o

1 7 K mucosospermus V. Fft s AMO981109*
2 74 K mucosospermus V. Fft UiSs AM981108*
3 74 K mucosospermus V. Fft ey AMO981107*
4 75 JK mucosospermus MV fift IS AM981106*
5 VI gk AM981105*
6 [N e AM981104*
7 [N hngh AM981103*
8 7 /K vulgaris JE JLNE AMO981101*
9 7K vulgaris ¥ Ff Tngh AM981100%*
10 V4)Kvulgaris YF ey AM981099*
11 V4K vulgaris Y F L AM981098*
12 JHK AR EF595859%
13 PR PEEE FJ915098

14 PR ob B HON FJ915099

15 PR PN FJ915100

VE: * 74 F 4 3 GenBank.

1% 7% 30 min; 4°C F 13 000rpm & .0» 10 min, 37 L i,
T ml F74 (1) 70% £ BEBES DNA YLTE 2 28 11100 p
LK B f) ddH,0, %% DNA .

1.3 ITS 73| 649738 5l &

ITS 4= % %1 (£ 5.8S rRNA 2 ) % H 514
ITS5a: 5’ -CCTTATCATTTAGAGGAAGGAG-3’ "
F5I4#1TS4: 5" -TCCTCCGCTTATTGATATGC-3 1"
PR 1F . PCR e N AK R KRN 50 ul: Horp Bk
100 ng, 2 mM dNTP 5ul, 10xbuffer 5 pl; Taq # 2 U;
514 ITS5a FIl ITS4 % 20pmol. PCR B4 F % Xy -
95CHIAZ 1 5 min; 95°C 48 % 1 min; 50°CIE /K 1 min;
72°C 4E A 2 min; 30 NG, B 5 72°CIE i 7 mins
PCR 7 #) % DNA 26l 77 & (LN H AE W EORf
BRAFD 4tk )5, AR TAEY TR AT IR )
M.

1.4 53 5H7

H4 TS J7 70y 45 R 64T 50 B, i 1TS1.1TS2
Fi15.8S rRNA X, Jf & [i; GenBank, fif 3 ¥ 51| X
DNASta # 1 47 H: 5 1 G+C & & 4> #r» A H
MEGA 4.0 AT RE R E 7m0, IFLLA B
(bootstrap)E AT # Ml , FLAH A 1000 7%, K H e KR4
7% (Maximum parsimony) 4 & 7™ 4 — BB
2 ERE5HH
2.1 B\INITS 57 6 & 5557

HERX AR 5.8S rRNA [FK BE ) 4 162 bp, G +
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R2 ARITSKEMG + CEE

i " ITS1 ITS2
KEbp  G+CHEE/% KBEEbp G+ CEHEHR/%
1 74 /K mucosospermus V. Ff 221 59.28 247 65.18
2 75 ) mucosospermus M. Ff 221 59.28 247 65.18
3 74X mucosospermus Mt 221 59.28 247 65.18
4 74 /K mucosospermus V. Ff 221 59.28 247 65.18
5 LN 221 59.28 247 65.18
6 7R 221 59.28 247 65.18
7 [N 221 59.28 247 65.18
8 75K vulgaris Y fp 221 59.28 251 66.14
9 P vulgaris it 221 59.28 252 66.27
10 75 R vulgaris IV Ff 221 59.28 252 66.27
11 V4K vulgaris M Fh 221 59.28 252 66.27
12 7R 219 59.36 243 65.02
13 [P 218 60.55 237 63.29
14 [P 218 60.55 237 63.29
15 iR 218 60.55 237 63.29

C &5 510 58.64% , & W] V4 JIAZ Wl 4 ik DT 1) vy B2 £
SEPE . 1S ANTEIRIITST (K Bk 218 ~221 bp, 15
APERAIITST 9 G + C &% =224 78 [l 59.28%~
60.55%, 5 JK mucosospermus YV Ff . 5 JK vulgaris V.
i RIS Il 16 3 A4S 8 I B 9 ITS 1 41 58 45—
3, U5 E AR gk 2 A ) 4 A P s R TTS 1
FEA 5 Eak 11 AN ISl Flop b 22 S 32 A B 2 4

I 5l 2R PR SR B 58 AR o 15 AN IV ITS2 1 K
%4 237~252 bp, G + C % AR U H Ky 63.29%~
66.27%, P JK mucosospermus V. F AR5 H M4 1) 3 4
VY Il R R TTS2 1) 7 4106 22 5, s 1 LA I 1 7 TR
vulgaris W Rl 5 g 3 AR 2 R0 78 T LE, 1TS2 7
B A B S i K 5 PR A 2 9 vk 2 RN AR R D I B
(R ITS2 Jy A 35 50 T Lok P8 I s A, J 410 43 A1 i IRAE

®k3 BAMMAITSFIIREETR

22 9K B Tbp 25 R HCH o B 3H G+ C &%
ITS1 218 - 221 6 1 59.68 - 60.55
ITS2 237 - 252 21 5 63.29 - 66.27
ITS1 +ITS2 455 - 473 27(5.93%) 6(1.32%) 61.49 - 63.41

ITS2 Jv B 1A 32 A A 25 Foke T A e 2 79 o 248 20 (1)
RAF(F2) o ITS PP B AS S A sl HCh 27, 5 AR
R EEHL 1 5.93%, 15 AL R 6 1, 7 1.32% (£ 3D
2.2 ®NITS A F) i 4% 36 B B F oMt My 3

F DNAStar 843 #r 15t 4% 55 25 (R 4 il & g
JR mucosospermus M. Ff 5 5% [ 044 i 75 I 5 Rl
ITS 741 58 45— 50, AL BE 25 29 % ; 75 /K mucososper-
mus ' 5 vulgari WV Bl (1) 35 4% BF 25 24 0.002; 75 /)
mucosospermus M. 55 5 F A 55 2475 2 1) 05 I g
P 1 252 0.005 , 74K vulgari W F -5 95 A A 4815k %
PG R st A% B2 4 0.003, V5 JIX mucosospermus .
Bl 5 950 1A P IR R3S I R 3 A% B 2 A #
0.008, P4 JK vulgari SV 5 98 [ H [ 1) 3 4~ P45 I 5

()1 AE P SR 21 0.010, I B A B AL R iR
FEL 749 3 AV Tt Aol ) s A P 25 o Kk %1 0,013

AR AR W0 5 L SR FH B K] 29906 15 /S AN [ ok
Y5 U TG Al ITS e 20 Ae) g 7 4 — Sop, Job Kby
8, — Bk 8 £ (CD A1 4 ¢ 1 48 £ (RD 24 43 il A
1.000 H11.000, 4 Fh &5 ¥ M — 1 52 , FR G823 3 L AL
-4 Bootstrap H & 1000 Xl #4256 15 H 1K 43 3 5
R D,

RGKEW LR ER 8o, I AR 12
ANPE ISR [F] 3 B, SCRF# 4 99%, 1T vulgari MV
Tofr Y5 L A gL 2R R VG I Ao AR 9N 8 TR ) — AN 4y
o SRR 65% 0 Yst T IE ) 3 AN T I A L S
an MOANIE] J8 TV S — 23 3, SCREFR A 99% (K 1) s
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*F4 AINITS F5liEfEEEE (x100)

ML 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1
2 0.0
3 0.0 0.0
4 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 0.0 0.0
8 0.2 0.2 0.2 0.2 0.2 0.2 0.2
9 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.0
10 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.0 0.0
11 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.0 0.0 0.0
12 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.3 0.3 0.3 0.3
13 0.8 0.8 0.8 0.8 0.8 0.8 0.8 1.0 1.0 1.0 1.0 1.3
14 0.8 0.8 0.8 0.8 0.8 0.8 0.8 1.0 1.0 1.0 1.0 1.3 0.0
15 0.8 0.8 0.8 0.8 0.8 0.8 0.8 1.0 1.0 1.0 1.0 1.3 0.0 0.0
3 itig WS s AN A AR A A [, AN ] 23 SR AE ) 1TS 7 4

X TR U A N (38 4% ZFEERISE 4R R
O %~ & F) H RAPD". ISSR (Inter-Simple Sequence
Repeats, f&] 5.7 41 # 42 [X A 4734 22 & OSSR,
AFLP® SRAPWAE /) Fhric il 7 1F 2 TAF . Mt
B /K DNA ) 18S~26S VY % 3 18] [ X (ITS ) 2 M i 5
(1) 22 S R AR ) i A% 2 S R R AL AR 1) o
THAEA I ITS J7 FUAE A [F)8 4 2 1 v v HH R il e B
WA R SR R SR T M ) i, A F R R
R A0 A TR M B A B R AN [ AN [R) T A

RIS B AR AN AR o AT 2 B 8 S s
Artemisia section Tridentatae (Asteraceae) 23 /M Fii ki
PIRIWEFE AR, ITS1 7 845 B i 80 7.82%, 1TS2
FIIA BT 55 5 9.84%" . 5 X 35 A RE 5 26 Mg ik
Tribe Neillieae (Rosaceae) T ¥ 115> F R 48k 5 Ak
Py M BE A AT ST ITS B 81 AR AL R 80 A 12.0%
9%, Moore SE VI T ITS ¢ #IME 5T 1 49 Bl o) H 25 J&
ff] Balsamorhiza J& 1 Wyethia BN RA K E . 5
KL BT 25.74% o A0 B kA TR 8 AT AT

C. lanatus éAM981104)

C. lanatus sp. mucosospermus eAM981108)
C. lanatus sp. mucosospermus eAM981109)

C. lanatus. sp. mucosospermus eAM981106)

99

C. lanatus eAM981103)

C. lanatus. sp. mucosospermus eAM 981107)

C. lanatus 6AM981105)
C. lanatus. sp. vulgaris @AM 981100)

C. lanatus sp. vulgaris eAM981101)

65

C. lanatus e£0595859)
C. lanatus sp. vulgaris eAM981098)
C. lanatus sp. vulgaris eAM981099)

C. lanatus e0J915099)

C. lanatus e0J915098)

C. lanatus e0J915100)

B 1 ETFITS 755 A& K 2955 7 N R 2 50 7= 18 — B
2 93 30 BT Rz SCH) B ESCRE R bootstrap I, 1275 >50%, 1000 XK .
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W, ITS 7 8145 EUAE A5 10 L 45i)  2.98% 2, LA WIF 9%
FIFHITS P AR RN R 34k, 85 B S50 50 R B0
BRI PR IR TTS J7 51 22 S AR /NG, 43 K FR A5 R B nT
CAR) FH ITS J7 51K X 23 AN [R] = i fF K 7209 % 00F
T I 6 AN [F) KR 1) 15 AN TH I R 9 1TS J3 41 L 4%
IINT S A5 BAL AU I LL B R 1.32%, AT RS 1K R 4t
REGES, REM ] LLX 2 IF 75 ) mucosospermus V¥
PN vulgari ME A, 3 ] LRGP AT E 91 A 7] Hh 2 oK
PRI VG SRR X 23 FF o BT UL ITS P41 g N FH 175 )R
SV 1] PR RIE 5T, 356 T AF 9 7 I 1) b B s AL L —
S .

MITS 751 LGS 85 HK 5, BEWF 507 (1) 3 4Nk
[ F 3 R gk 1) AS [ R TS I TS 3 51 5¢
A5 ok F AR 12 457G ISl AN [3) S0 Fof [ g 35
& BE 25 B AE 0.002~0.005 2 1], 7] b 2E R Y8 1) 75 I b
B i) o AR SERE AR AT o X S AT N IRF R B .
AW YRR N P 1 P TG ol 1 352 A% B B 4E 0.010~0.013,
I8 A% BE 2 LU T R R RO, VR 3 I LU T AN [ R
PR E P SRR TTS 41, [RIRFE A A [i] s B e st (1)
s (1 Tt A PE 29 B A S DK (] — b 3R R 1)
(FFRF), BRI P T 2248 & Bl A 0 B0 JE R AR 1)
SRS RE ) 5 TN AN [ b 2SR Y0 1) G IS A, SR AT LA
58 VG T I ) 35 4% S Al
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