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IRHFREIR ITS 5R28H LS

wANF, & OF, TEW, BRBE, F &, TONR
(7 RBA RN B E BRI, )N 510640)

B OE. DUZHIA DNA W4 FEIX (Internal Transcribed Spacer, rDNAITS [X) £ 4 DNA /B4
X BRAEEAT B GE AL 23 Hr o RO 17 43 BIMUBE U, $2IBLEL DNA, #E4T PCR 4RI, I M\ GenBank
A BB (1) B AR B R SR (Capsicum baccatum). HEHL (C. pubescens). HEACIRBAM (C.
frutescens) AIEFAEFD (C.eximium). EF2EFP (C. lycianthoides) K ITS ¥4, #HT RGIAL 5L < R0
Bro g REW], DUEFARN (C.eximium) (1 ITS )35 2% 75, FIH Clustalx 2.1 BATBEATLEN, &I 3
ANFAEBAR . B BRREACR BARE ITS1 XA 15 MG L. LR iiJE (lycopersicon) #k5Fh < b
906" fEAAMIEHEE, (EHHBRIAR L 0.11 &b, 22 ANEAUE 1TS JPFI0[ 532 6 033, Axi—4F A Bl
(14 A BAE—3L. B (3 A FFEACRBBERTE—32, RIS FEACIR BIBEE 2 O0¢ R AR
MR . BPAEFP (C.oeximium). FEHUIRAM. EHBMREEFp (C. Iycianthoides) 435l HMICAH —32 .

EEIF: B ITS FRA; ARGtk

HESES: S6413 NERES: A NEHS: 0513-353X (2014) 05-0881-08

Analysis on the Internal Transcribed Spacers (ITS) Sequences and
Phylogenetic of Pepper

XU Xiao-wan, LIYing', WANG Heng-ming , XU Xiao-mei, LITao, and LUO Shao-bo
(Vegetable Research Institute, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract: Based on the emerging field of molecular systematics as a powerful classification tool, a
phylogenetic analysis was conducted using sequences of the Internal Transcribed Spacer of nuclear
ribosomal DNA (rDNA ITS) as DNA bar-codes for phylogenetic analysis of Capsicum plants. Seventeen
pepper (Capsicum) resources were collected from different localities and sequenced ITS for all samples by
sanger dideoxy method. Furthermore, other ITS sequences of Solanum lycopersicum (Shanghai906), C.
baccatum, C. pubescens, C. frutescens, C. eximium and C. lycianthoides were downloaded from GenBank
and aligned with the sequences obtained in this study by Clustalx 2 software. Then, the (G + C) content,
divergence and similarity among sequences were analyzed by DNAstar software. Finally, based on the ITS
sequences, phylogenetic tree was reconstructed by MEGAS5.1 software using Solanum lycopersicon

(Shanghai 906) as an outgroup to root the tree. The alignment result indicated a 15-base deletion in the
ITS1 region for C. chinense (No. 6, 7, 8), C.pubescens (No.20) and C. frutescens (No. 22) but not in
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BSWB: ) AAREGHBH (2010B020304001, 2011B020303001, 2012B040400007, 2012B020303002); ) 7448 &b Rl e i K
TH (201108); HEKIARAN = W EARAKREE LI 4HH (CARS-25-G-36)
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C. annuum, C. baccatum, C. eximium and C. lycianthoides. According to the analysis of phylogeny, the 22
Capsicum samples were divided into 6 clustered, all of C. annuum samples were clustered together. C.
chinense and C. frutescens were clustered together. The result indicated that the genetic relationships of C.
chinense and C. frutescens were close. C. eximium, C. baccatum, C. pubescens and C. lycianthoides
represent entirely different branches.

Key words: Capsicum; ITS sequence; phylogenetic analysis

BOBUE (Capsicum) FZAG 5 ANERKEFN (AF2EA8, 2009), B —4FZEHH (C. annuum). HAEE
B (C. chinense). ZEALRML (C. baccatum). FEACIRHN (C. frutescens) FIFHEH (C. pubescens),
Horp — AR BRURE R 2« ARES SR IR L AR, T P RO U By X R R B A V2 IR 1 AN
TAh, BB IEAVF 2GBTS, R

FE] A AD BN 53 70 BOBOR 08 5 43 7 %5 58 J5 AT T AT 5, BORG T — 26l Be bl o
Lefebvre 55 (2001) K] AFLP F1 RAPD #5ic LA f 45 & 38 BB X B B A2 R IT st A% 2 FEVERT 9T
MRep 4245 (2007) it RAPD FI ISSR X BBURE K] 5 AN AREE A 13 4 BEsEAT THE9T, el — Ak
WS HoAt 4 ADNFRESFRIX 22 TPk . Sanatombi 2% (20100 S RAPD [{Ibric 6 BN Je /R 98 7 24
b SRR RS TR SRR A A, AR T AR AR T AR A AR AR BRURE AR
ZKPEE (2011 A RAPD 43 FFR i B AR BRI 0t J5 15t 4% 2 FEMEREAT 20T, 45 S ) 90
BIRT N 5 RERE. BESEZESE (2012) SRJH SRAP F1 SSR FRC %) v [F E A BRAUT J&E 7 38i4% 2 REE
W90 deiras (2012) N ISSR ARid R T B S HAURE 5 AN RIEFISRGOCRIITT. IRt
FUN BB AL B Bl Ak K e B 5E T 3 Al

TERZIER AT, FIHAZRE A DNA A6k [A]R% X (Internal Transcribed Spacer, tDNAITS [X )
FrA5t 25 A AE S (Lee etal., 2006). 20114 CHHAL 25, 2008). At CEFF %%, 20120 % (%
{255 4%, 20100, bk (BE%E 4%, 2012) 55T Y@ M ARG M. 1TS KAEHE IS R P 32 21
ERER AR /N, HAMEHCRE R, 54N TS KIFFIRA R, MUES TR BRI RELE
SIAT, T EL AT DA S A ] 5 7 A AP (9 AR A, IR T o 5 B PO I 22 S ML CT /N 45,2002
e 5%, 201200 AR, ITS MEAH 20 TAnid o8 FH T BRUS A 10 R 500 28 G kg 46, 20105
Purkayastha et al., 2012), [FJINARAIL T H5>F2RH ITS f£7E 25 PE. Ryzhova 55 (2002) %f 1 MK
FORBL 2 ASTRAEBRER T AN AR F RS (20100 560 1 ANl it 5 m A S BH s R
WU, Purkayastha 55 (2012) X 6 3 BRHZ AR & W HMRA £L ‘Bhut Jolokia’” #4171 rDNA-ITS /741
AT, B TR EERR S EA L, REmRE, ARG EA a2 RRME.

AT ZAE A, R T YA AS AR I — A AR AR TR AR B 17 4, JEAN
GenBank N # MU £ 3 B AP SR (Bohs & Olmstead, 2001 ) , B HEACIRH(Purkayastha
etal., 2012) FIEFA4=Ff C. eximium (Whitson & Manos, 2005) , #f2EF# C. lycianthoides ( Smith & Baum,
20060 [ ITS JP41, G ARFMER ITS JFPo, i ITS K, (G+ O FEAHA R, Sk i)
BORRIJEE, BRUHEAST IR I R G B SR

1 ARSI

1.1 #%#% DNA 12EL
WRIET 2012 AL REBIOHHAR T 55280 58 . RIS R R & R R B it ot
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FrHRE T S5 AR B (3% 1), 8 AR E AN (3, JLrh—FEA B 14 4y, FAEBHN 3
o KAB I HIEE Fr, FEE 7 5 8 A B HREUIEIN 4] DNA, 2005725 CTAB 75 (E AT %
#, 2002), RIFHHEET DNA RN -20 C&H.

F*1 WMRAPREX TS FF

Table 1 Plant species and source of ITS sequences included in this study

ETRS EAS poany il A P B Eo ey U] Fell
Code Name Species Source Code Name Species Source
1 D597 —AEAEH TR 13 M5 — AR KP4
C. annuum Guangdong, China C. annuum Malaysia
> D590 SRR R 14 Ms AR R IE
C. annuum Guangdong, China C. annuum Malaysia
3 EARZYS AL PE TR 15 CM334 AR B F
Hong Lajiao C. annuum Guangdong, China C. annuum USA
4 M AFLE B RUEER N 16 Anhui 1 ARELE R RHEERE S
Guanshang Jiao ~ C. annuum Chongqing, China C. annuum Anhui, China
5 D600 AEAE BN PE TR 17 Hunan 1 AEA B E TR
C. annuum Guangdong, China C. annuum Hunan, China
6 Trinidad 1 A FEALJE IS B 18 Ligasvil Frome GenBank
C. chinense Trinidad C. eximium [AY665841]
7 Jamaica 1 A F 19 PESIN} Frome GenBank
C. chinense Jamaica C. baccatum [AF244708]
8 HABANERO- AR HhE 20 HEM Frome GenBank
LIMON C. chinense Peru C. pubescens [AY875749]
9 M1 A B LSRG E 21 Ligacill Frome GenBank
C. annuum Malaysia C. lycianthoides [DQ314158]
10 M2 AR ThORPG I 22 HEACHRBRAR Frome GenBank
C. annuum Malaysia C. frutescens [HQ705989]
11 M3 AR ThORPG I 23 Eifg 906 37 il Frome GenBank
C. annuum Malaysia Shanghai 906 L. esculentun [EU760391]
12 M4 AR SN2
C. annuum Malaysia

1.2 PCR # 1#& &0 F

BAME RN (PCR) /K& 20 uL, f13% 10x PCR buffer 2.5 uL, 25 mmol - L™ MgClz 1.2 uL,
FiA DNA (40 ng - uL™") 1.0 uL, 10 pmol - L™ L RiF5 144 1.0 uL, Taq @i (5U - uL™") 0.2 uL, 2.0
mmol - L' dNTP 2.0 pL, fiil ddH,O %M 20 uL. ZJE White 25 (1990) )7 4E ¥t ITS X344 i
W51, 1TS4 (5-TCCTCCGCTTATTGATATGC-3') 1 ITS5 (5-GGAAGTAAAAGTCGTAACA
AGG-3"), ITS-PCR XMW ALFH: 95 CHiAEM: 3 min, 94 CAZME30s, 52 ‘CiE-k 30s, 72 CHME
40s, L35 MERJG, 72 CHEF 7 min, 4 CLAES

PCR 7#paifboli: b5t E NEP013-1 DNA F Btk alifv/[meR ) & #4%: pEASY-TI
Simple Cloning Kit CT111-01 X7/ & . [BIWc&lifl 5 ¥~ 4%+ T pEASY-T1 Simple Cloning Vector |-,
BE G IERE =) T Trans 1-T1 B SMT, 37 CEERFELN . PR PCR 51k % e M
yifE. Invitrogen 23 F W o ARAORPTINE S HERGE, W0k R v s R 15 5 [ gk A7 X 1) P o

13 HHES

My IR a4 ] Contig Express #4-HF4%, 1M 5 H BioEdit F TR, H Clustal X % frf)y
YT HES . DNAStar B A5 ITS 341 (K384 23 5 e Rl 7 2 b 25 5% (Kimura, 1980; Tamura
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etal., 2011). ITS JE540HTRHH MEGA 5.05 ¥, LLtiktait)E (Lycopersicon) #k3sff © Fifg 906
VE g SN EREREY), RITABAI M4 (Neighbor-Joining, NJ) M RGN . RER A2 580
22 E AT L E YL (bootstrap) HEATRIEG:, FERIXECH 1000 XK.

2 R

21 ITSHEIKE. (G+C) EERTR

R4 GenBank 1 TV I8 (K ML ITS £ 41 Accession No. AY665841), i 5E 17 AN BRAEE i (1) IDNA
ITS /@419 ITS1 M ITS2 5 3 M ifdX 18S. 5.8S Al 26S (1) FHFR

17 AN BRHURE S ITS FE1) U2 ITST, 5.8S tDNA A ITS2) K JEA AL TE FI7E 632 ~ 651 bp (£
2), 14— BB, 5 1 RBBA R ITS JPoliiE, & 632 bp, 4’5l 5. 12 F1 13 /13 4
—4EAE BT R ITS 414Kl 650 bp, HiAy 10 AN—4EAEBMAT R ITS #4142 K N 651 bp. 4’5
H 6+ 7 F 8 [ 3 AFRAEBHRITS o4 Kl 644 bp, Eb—4EEBRITS o4 K. (G+0) i
) 49.38% ~ 63.51%, AL 3.37, 454 (gap) VEBRRALFR, 1TS X4 F40HR 5 1K
h 660 ML, HopAy 237 NMERAL A, 173 NMELEBALAL 70l 35.91%81 26.21%. 1E 17 A
ITS F40, A SHREERBUR 25.5%, T 7 24.0%, C 45 28.8%, G i 23.7%.

®2 BHHMRARITSKER (G+C) B8
Table 2 Lengths of ITS sequences and its contents of (G + C) in Capsicum spp.

ITS1 5.8S ITS2 ITS
MG 5 y o p e . o p e
Code K/ op &% KB/ bp HHE/% KR/ bp H /% KEE/bp &E%
Length  Content Length Content Length Content Length Content
1 238 53.19 160 41.25 234 53.85 632 50.16
2 238 52.52 160 41.25 253 53.75 651 50.23
3 238 52.10 160 41.88 253 55.73 651 51.00
4 238 52.52 160 42.50 253 54.55 651 50.84
5 237 51.48 160 42.50 253 54.94 650 50.62
6 227 65.20 160 53.75 257 66.93 644 63.04
7 227 66.52 160 52.50 257 67.32 644 63.35
8 227 66.08 160 53.13 257 67.70 644 63.51
9 238 50.00 160 43.75 253 55.34 651 50.54
10 238 52.94 160 42.50 253 54.55 651 51.00
11 238 52.10 160 41.88 253 55.73 651 51.00
12 237 51.05 160 41.25 253 52.96 650 49.38
13 237 52.32 160 42.50 253 54.15 650 50.62
14 238 52.10 160 42.50 253 55.73 651 51.15
15 238 50.42 160 42.50 253 54.55 651 50.08
16 238 52.52 160 41.88 253 54.94 651 50.84
17 238 52.94 160 43.13 253 53.75 651 50.84

SINTR I, ITS1 PHIK G 227 ~ 238 bp, AHZE 11 MIE. 4a'5 o 5. 12 F 13 [ 3 >—4F
AEBRBLITST P4 237 bp, L8 11 AN FEABBITST JP41Hh 238 bpe 45k 6. 7 M8 )3
ASFRAEBARITST FRH1 Ky 227 bp, Eb—4EAEBR ITST FEA . A (FBIE S 501 24.4%, T 7 20.5%,
C 7 31.2%, G 15 23.8%, (G+C) FEAZMEN 50.0% ~ 66.52%. 4407 (gap) VEHLIALFE, TSI
X 2P AR G K B 240 AN, b g 89 ANARSRAL I, il RS 37.08%, 70 AMATZI1E B
B, R 29.17%. LR C. eximium [ ITS J#81 0 3% 751, FIH Clustalx 2.1 #4FREAT
Ebxt, KIS 6. 7. 8. 20 F1 22 7E ITS1 XA 15 AMhfiFEbk 2k,
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ITS2 [FHIHKEAE 234 ~ 257 bp, FHZE 23 AMSE, AHXS ITST Xk UEAR LA K. g5 4 1 —4F
AEBRBLITS2 JP A 234 bp, HE 13 A4 FEAEBBUITS2 JP 4Kk 253 bp. 45 h 6. 7 A8 13
AN AEBRM TTS2 P4 257 bp,  HAEBRM ITS2 P8 I — A BRIN E K . A i3t B
18.5%, T i 23.9%, C 7 32.1%, G 7 25.5%, (G + C) HEALME N 52.96% ~ 68.09%. 24757 (gap)
VEBRACFERS, 1TS2 XA G K A 257 Mk, HAf 96 MRS, 5 ALK
37.35%, 65 NMELME AL, R 25.29%

5.8S rDNA JFFIHE A 160 bp, K m RS« A drB3E S 501 29.3%, T 15 26.5%, C 7 21.5%,
G 7 22.7%, (G+ C) HEAEN 41.25% ~ 53.75%. 5.8S tDNA X4 F404 52 NSO A, HiE
PRI 32.5%, 40 NELE BN, AT AT 25%.

22 ITS FAiEE S B REIRMED

FH DNAStar 2 AF 15 17 AN ITS P04 o0 B R PE o b2 e, 85K, X 17 AN ITS

FFAU AR (percent identity) £ 25.2% ~ 100%, ivifk43 i 7E (divergence) £J 0 ~ 3.39 (3 3).,

PRE 13 580K 5. 7. 8 MUt R, 2050k 3.064 3.32. 3.28, MKl 4 SkPRL 7 itk Bk
4 3.39.

F 3 17NERRLITS FILREEDE (ET /) RERY (LA B

Table 3 The comparison of divergence Clower-left) and percent identity Cupper right) from the hot pepper ITS sequences

Zjoit% 7 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 50.0 51.1 508 652 263 258 259 49.1 51.1 441 547 509 498 498 513 49.1
2 0.79 942 936 455 266 266 266 937 942 274 360 940 939 979 962 93.7
3 0.75 0.06 95.0 470 274 272 274 965 100 27.0 364 998 963 940 96.5 96.5
4 0.76 0.07 5.50 46.6 266 264 264 942 95.0 27.0 363 948 950 939 94.6 94.2
5 0.44 096 091 092 26.7 257 261 461 47.0 741 879 469 4677 459 473 46.1
6 2.86 271 247 277 268 972 955 269 274 266 258 274 270 264 274 26.9
7 3.19 269 255 294 339 0.03 97.1  26.7 272 264 255 272 269 264 272 26.7
8 2.97 270 249 286 296 0.05 0.03 26.7 274 267 255 274 269 264 272 26.7
9 0.81 0.07 004 0.06 094 259 264 264 96.5 265 360 963 956 93.6 957 100.0
10 0.75 006 0 0.06 091 247 255 249 0.04 27.0 364 998 963 940 96.5 96.5
11 0.98 277 297 29 033 278 284 277 324 2.97 839 268 268 279 271 26.5
12 0.66 144 141 142 014 3.06 332 328 144 1.41 0.19 363 363 364 36.6 36.0
13 0.76 0.07 0.002 0.06 091 247 255 249 0.04 0.002 3.03 142 962 939 963 96.3
14 0.79 0.07 004 006 092 256 265 262 0.05 0.04 299 0.14 0.04 940 959 95.6
15 0.79 0.02 007 0.07 094 275 277 276 0.07 0.07 256 141 0.07 0.07 94.3 93.6
16 0.75 0.04 0.04 006 089 249 257 255 0.05 0.04 299 140 0.04 0.05 0.06 95.7
17 0.81 007 004 006 094 259 264 264 0 004 324 144 0.04 0.05 0.07 0.05

23 Rt FBELHR

DLATRHE Al g AR Rl LifE 9067 VRN AMRAE, ARARIGIRAFN 17 A ITS P41 LL L&A NCBI 3k
13 5 ANASFEBHARRR 1) 1ITS J5751, F MEGA4 3T R RIS 0T, &5 KK, SRk hiE S5 B
WUB R AT 5, 20— s R (B 1). B 23 AN ITS HSERI S EE 5 4 0.238,
22 ANBFBNITS 2 [ P34 8% B 254 0.159, PRI RIFE I8 1TS 5 22 ANHAUE 1TS Z A1 13
AR EN 1.1200 7EHELA AR L) 0.11 &b, 22 ANBMUR ITS FFHIR1 5k 6 0.

Oy A 14 ABREE S A — R BRG A4S 7 ANE IR, EEEE 6 N5 H Tk
T FRTBRAUTE R, DA S AR FESCSR IAA BE, 3X 14 ASBRBURE St~ A1 8E BR B 0.041. 43 3¢ B (045 3 4
FABBMURIEACIR B, %3P BE 2 0.039, 36 W i AR B S HEACIR BB 2 2 R AT
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e 43 Cy Dy By FAEHIA 1TASBRBRE 205 B AR (C.eximium) . BB 2 AR
B4 Fp (C. lycianthoides).

HHE 1 RTAN, 14 A2 AR B il 5 BEACIR BB T AL BB BOL SR R R . 703X D 5933
A\ 733 By 433 EL 4330 F IgAR IR BT 430 0.077. 0.055. 0.086. 0.089, UL M ALK
P EF ARl (C.eximium) FIEBHEES R RAN T . ME A (C. lycianthoides) 5 H EMHEES
KEA AT .

ZL 3 Hong Lajiao
M5
M2

100% ?/Iuinan 1

— M6
D600
Anhui 1
100 53
o5 M4
— M3
CM334
100 { D590
— WE M Guanshang Jiao
M — D597
59 TEAARIRML C. frutescens
57— HABANERO-LIMON
44| 93 Jamaica 1
Trinidad 1
B 4:Fh C. eximium I C
HEM C. pubescens 'D
2 HARKL C. baccatum | E
§ 4 C. Iycianthoides I'F
! ! ! ‘ ‘ ‘ ‘ P EGL L. esculentun
0.6 0.5 0.4 0.3 0.2 0.1 0
18 1% 15 B Genetic distance

100

B1 &FITs EFFBBHAZRER
Fig.1 The phylogenetic tree based on the rDNA ITS sequence

3 e

ABFFCH 17 ASBRMRE a8 1TS X $0e 1 Bk 3 i BeR BEAIFE 750 bp 7oy, 1K 5T ABIFFUBR
BUITS A1 45 % (Ryzhova et al., 2002; Purkayastha etal., 2012) fHY)& . FHFFEEY] (Bruce et
al., 1995), ek (flowering plant) ] ITS J¢5—REtb e A E, 75 187 ~298 bp 211,
AT 17 ASBREE S ) ITS (ITS1 A ITS2) JPFIAR g A 227 ~ 257 bp Z (8], ¥LEA M) ITS
JP A ARV 2 I, S ETAEFST B ITS J7 41K 5 (Whitson & Manos, 2005; Hernandez et al.,
2010; M 55, 20100 JEA—H. TR B ITST. 1TS2 28 547 i 235l 42 89 Fl 96 4, (A
A7 5311 37.08%F1 37.35%, HHILEH] ITS2 XA 5 KT ITS1, X5 Purkayastha 55 (2012) PRI AR
F—2, MR, 5.8S X4 160 bp, 7EK 77 1 =1 5 AR 5F

AWFFCREAL 17 4, XF ITS JPHIHEAT T, 31X 17 AN ITS P800 R PELT 25.2% ~ 100%, 5t
FEAyIEAE 0~ 3.39 2 [0], ULHIBRNITS J3 41 [FIJRPE AR R AR 72, X AT fig SR IR I L SR 50 T 1%
AR, MTE—PHR. 74, 518 SRR AR (6 ) ST [ Py i — 4 AR B
WA AT FH—53C A, RPN HUBIT R BRI, 3% 55— B U0 B —4F AR BRI ITS
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PV EA —m RS, Bk Lh ks e, AR I L8R

ITS Ay FEAR S P4 HAFEAK, fERP ) AR IR PR, [ A b S e s (RAEAS [
AT AR AR S, A 12 TR il i 4, it HL AT DL SRR Tl py Jo B A 1) 22 S e o0 o AR
ITS P4 LExT &5 B R B BB (S5 6+ 7+ 8+ 20) FIFEAAIRBM (4’5 22) 7E ITSI XAH 154
BRI 2R A e SEVREACIR BRI P A B 2 70— B i T 4 FHIEH .

KA RERW, — A BAS A BR DL EAR R BT 2R &R R, X5 PR 5%
(2007) KHIZRAL K LA S RAPD Al ISSR AR 74 i —5, 5 NS T IRAE M4 241
LR (Pickersgill et al., 1979; Pickersgill, 1991) —3(. 7EHAMM RGdifb. ER oM, Jt
T ITS JP 41 CEU4E 1TS1. 5.8S A ITS2) 732K 45 R, As[mlHh BEA K] — 2 A2 BRARAL T 17— 73 5 A
{RAEAB ST NI RGN, BEACIR B Hh SRR 70 75—, RBERFEATTIX 23 IFK, 5 Purkayastha
G (2012) HRIERIWFFCE FAH—3 FIBR, (H3T ITS JP 412 Sk A Be 0 BRUE A A 58
AU, B eI T hRE A REREAT A AKX 43
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