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Abstract　 Twenty-fiv e accessions of pepper (Capsicum annuum ) and tw enty-tw o accessions of

tomato ( Lycopersicon esculentum ) cultiv ated in primary province w here the main ag ricultural

breeding insi ti tutes breed the majority improv ed v arieties of pepper and tomato in China w ere

analysed. RAPD and AFLP markers w ere perfo rm ed and compared fo r thei r effectiv eness to

discriminate near relativ es. In pepper varieties, AFLP markers generated by tw o primer

combinations disting uished ev ery pepper accessions. The percentag e of polymorphic markers for

AFLP w as low er than that for RAPD( 9% and 35% respectiv ely ) . Howev er, the av erag e numbers

of poly morphic f ragments w ere 2. 2 per prim er for RAPD and 5. 1 per AFLP prim er combination,

respectively. Therefore AFLP prim ers w ere tw o times more ef ficient than RAPD prim ers in thei r

abili ty to generate polymo rphic markers in pepper v arietes. In tomato v arieties, the percentag es of

polymorphic markers w ere 5. 5% for AFLP and 61% fo r RAPD sing le primer and 58% for RAPD

tw o-primer, the percentage of polymo rphic markers of AFLP w as low er than that fo r RAPD. The

averag e numbers of informativ e bands per primer w ere 4. 2 for RAPD sing le primer and 4. 4 for

RAPD tw o-primer and 2. 6 fo r AFLP primer combinations, respectiv ely. The study demonst ra ted

that RAPD markers w ere more useful than AFLP m arkers among nearly related tomato

v arieties. RAPD markers g enerated by one sing le primer and one two-primer reactions can

discriminate 21 out of 22 tomato varieties. The ef fectiv eness of v arious ma rker tech niques for the

tw o species C. annuum and L .esculentum is discussed.
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摘要　应用 RA PD和 A FL P的 DN A指纹图谱方法分析 25个甜 (辣 )椒和 22个番茄品种的真实性 ,并进一步比较

R APD和 A FL P的 DN A指纹图谱在鉴定亲缘关系较近的品种之间的真实性时的有效性。对于甜 (辣 )椒品种 ,

A FL P方法中 , 2个引物组合扩增反应的多态性片段即能将 25个品种完全分开。虽然 ,每个样品的 AF L P的扩增

产物中多态性片段的百分率为 9% ,低于 RA PD的 35%多态性片段的百分率。但是 , A FL P的信息量远远大于

R APD的信息量 ,它的每对引物组合扩增的平均多态标记为 5. 1,而 RA PD仅为 2. 2。所以 ,在甜 (辣 )椒的指纹图

谱中 , A FL P的有效率是 RA PD的 2倍。对于番茄品种 ,每个样品的 A FL P的扩增产物中多态性片段的百分率为

5. 5% ,大大低于 R APD的单引物 61%多态性片段和双引物 58%多态性片段的百分率。它的每对引物组合扩增

反应的平均多态标记为 2. 6,而 RA PD中 ,单引物扩增的平均多态标记为 4. 2,双引物扩增的平均多态标记为 4. 4。

一个单引物和一个双引物的 R AP D扩增反应的多态性片段即能将 22个番茄品种中的 21个完全分开。所以 ,在番

茄的指纹图谱中 , RA PD的有效率是 A FL P的 2倍。因此 ,在应用分子标记辅助鉴定品种的真实性时 ,不同的作物

所适用的方法是不同的。
关键词　甜 (辣 )椒　番茄　 R A PD　 A FL P　多态性分析
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1　 Introduction

　　 Dom esticated pepper and tomato cultiva rs are

economically impo rtant v eg etables in China. Capsicum

species o riginated in Central and South America. The

cultiv ated species of Capsicum which are w idespread in

China are int roduced from Europe
[ 1]

. The low er

diversity observ ed in the current cultiv ars may be a

reflection of popular breeding methods ( of ten single

seed descent or pedig ree selection ) which promo te

g enetic uniformi ty
[2 ]

. The relationships within the

cultiv ated species of Capsicum hav e been inv estigated

in sev eral studies, using mo rphological, cy togenetical

and molecular markers
[3～ 10 ] . These studies

demonst rated that the level of va riation am ong

domesticated peppers is lower than that among wild

peppers.

　　 The g enusL ycopersicon itself is hig hly variable, as

there are some taxa within the genus[11～ 14 ] . The

analysis based on RFLP
[2 ]

rev ealed tw o majo r

dichotomies in the genus: one co rresponding to mating

behavior ( self-com patible ( SC ) v ersus self-

incompatible ( SI ) species ) and the another

corresponding to fruit colour ( red v ersus g reen-fruited

species ) . Furthermore, they described the fact that

m ore genetic variation could be found wi thin a single

accession of one of the SI species ( e. g. L . peruvianum )

than among all accessions tested of any one of the SC

species ( e. g. L . esculentum ) . That is especially true fo r

self-pollinated crops w hose g enetic bases trend to be

narrow . The dom esticated tomato v arieties are

o riginated f rom species L . esculentum where g enetic

diversity seems v ery limited
[15 ]

.

　　 It is essential to find out diagnostic m olecula r

ma rkers. Estimation of g enetic v ariation betw een

varieties of a cultivated crop is of interest in cultiva r

registration and identi ficatio n. New techniques fo r

DN A profiling are also a pow erful tool for improving

identification of v arieties since morphological and

resistance t raits used fo r the identi ficatio n of Capsicum

and Lycopersicon varieties are not easy to

judge. Furthermore, diag nostic markers could facilitate

the decision for the seed quality disting uishing seed lots

w ith high quality from lots wi th dif ferent varieties

mingled purposely or unintentionally for com mercial

vari ties. Their use fo r distinctiveness purposes has been

discussed by the U POV ( Unio n pour la Protection des

Obtentio ns Veg etables ) . The using of molecular

markers proposed by Solla r and Beckmann provided an

additional tool for va rietial description. DN A markers

have the adv antag e of being independent of

env ironmental effects and providing direct informatio n

on the genome of each individual. PCR-based markers

are capable to be ef ficient in the routine assessment of

seed purity of F1 hy brids. Nevertheless, there is few

informatio n av ailable regarding the sui tabili ty of PCR-

based markers to analy se genetic variation among

com mercial pepper and tomato varieties tha t are

agronomically w ell-characterised and currently being

highly produced.

　　 BioGEV ES has inv estigated molecular markers

including RFLP ( Rest riction Frag ment Leng th

Polymo rphism ) , RAPD, SSR ( Simple Sequence

Repeat ) and AFLP used in identification of v arieties

and discrimination of seed quali ty since

1992. Comparing these methods AFLP g enerated

much more f rag ments and stable reproducibility, w hich

is capatable to be employed to a wide rang e size

genome DN A. Nowadays, the inv estigations such as

relationship between g enetic markers and

mo rphological trait s and marker distances and

phenoty pic am ong horticultural crop varieies dev elop

rapidly. But it is hardly see the reports that PCR-based

markers ' techniques w ere directly applied in

identification of commercial varieties. The aim of this

study is to inv estigate the po tential of RAPD ( Random

amplified polym orphic DN A) and AFLP ( Amplified

f ragm ent leng th polymorphism ) technolog y for

genera tion of polym orphic DN A markers among

com mercial pepper (C. annuum ) and tomato

( L .esculentum ) varieties cultivated in China. Up to

now , RAPD 's and AFLP's hav e nev er been com pared

in the sam e materials as w ell as among tw o v arious

species of the family Solanaceae.

2　Materials and methods

2. 1　 Plant materials and DNA

　 　 Twenty-fiv e accessions of C .annuum were

collected which w ere commercial v arieties of v arious

types f rom dif ferent regions of China ( Table 1) . Sw eet

pepper is normally large-fruited type w ith thick

w all. Chili pepper is a ho t thin-fruited type. Nineteen

varieties represent F1 hybrids, six are homo zyg ous

inbred v arieties.
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Table 1　Accessions of investigatedC. annuum

cultivars from various regions of China

Number Name Type Region

P1 Wei jiao No. 1a Chili Shandong

P2 Zhongjiao No. 10a Chili Bei jing

P3 Zhongfeng No. 18 Blok y Bei jing

P4 Fudi jianlajiao Chili Hunan

P5 Xingji No. 3a Blok y Liaoling

P6 Haihua No. 3 Chili Bei jing

P7 Haifeng No. 1a Chili Bei jing

P8 Jinjiao 851 Blok y Shaanxi

P9 Tongjiao No. 1a Chili Jiangsu

P10 Zhongjiao No 4a Blok y Bei jing

P11 Zhongjiao No. 5a Blok y Bei jing

P12 Zhongjiao No. 6a Chili Bei jing

P13 Zhongjiao No. 7fe Blok y Bei jing

P14 Zhongjiao No. 7ma Chili Bei jing

P15 Zhongjiao No. 7a Chili Bei jing

P16 Tianza No. 3a Blok y Bei jing

P17 Chili 931a Chili Bei jing

P18 Tianza No. 6a Blok y Bei jing

P19 Tianza No. 4a Blok y Bei jing

P20 Dujiao No. 1a Chili Bei jing

P21 9387a Chili Bei jing

P22 Xiang yan No. 1a Chili Hunan

P23 Xiang yan No. 2a Chili Hunan

P24 Xiang yan No. 9a Chili Hunan

P25 Xiang yan No. 19a Chili Hunan

Th e accessions are h omozygous inb reds except those labeled by a are F1

hybrids.

　 　 Tw enty-tw o accessions of L .esculentum w ere

collected which w ere most ly commercial v arities of

various types f rom dif ferent regio ns of China ( Table

2) . One accession, Hadahuang ( T7) , produces yellow

fruits. Another accession, Jingdan No. 1 ( T26 ) ,

represents cherry tomato type. All of the other

accessions belo ng to the red f rui t type. All of the

accessions a re F1 hybrids, which w ere provided by

P. R. China.

　　 The y oung plants g rew in the greenhouse fo r

about fo rty days. Three f resh young leaves w ere

collected f rom five sing le plants of every accession,

respectiv ely. The total w eigh t w as about 30 to 40

mg. DN A from each sing le plant was isolated by a

rapid method according to Dorokhov and Klocke
[ 17]

.

The concentration of DN A w as estimated by

Pharmacia Bio tech ( Biochrom ) Ltd. Spect rophotom e-

ter Ultrospec 2000. We bulked a pool f rom fiv e single

plants ' DN A of each accession to ensure the

uniformity of accessions. The concentratio n of pooled

DN A samples made from DN A 's of single plants was

the same as that of each single plant DN A ( 10ng /

μl) .

Table 2　 Accessions of the investigated L. esculentum

cultivars from various regions of China

Number Name
Type

( Frui t color)
Region

T1 Zhongsu No. 4 Red Bei jing

T2 Zhongsu No. 5 Red Bei jing

T3 Zhongsu No. 6 Red Bei jing

T4 Zhongza No. 9 Red Bei jing

T5 L 402 Red Liaoning

T6 Dongnong 704 Red Hei long jiang

T7 Hadahuang Yellow Hei long jiang

T8 Hashi No. 2 Red Hei long jiang

T9 Taiyuan 823 Red Shanxi

T10 Hongkang 218 Red Shanxi

T11 Shukang No. 11 Red Zhejiang

T12 Guocui Red Shaanxi

T13 Tex uan 28 Red Shanxi

T14 Jinhong No. 1 Red Shanxi

T15 Lufanqie No. 4 Red Shandong

T16 Zhongfen No. 1 Red Bei jing

T17 Jiafen No. 15 Red Bei jing

T18 Jiafen No. 10 Red Bei jing

T19 M aofen 802 Red Shaanxi

T22 Jiafen No. 17 Red Bei jing

T26 Jingdan No. 1 Cherry f rui t Bei jing

T29 Ch unguang No. 19 Red Bei jing

Table 3　RAPD primers employed and discussed in this study

Primer Sequence U sage

O PG-09 C T G A C G T C A C P, T

O PG-12 C A G C T C A C G A P, T

O P H-09 T G T A G C T G G G T

O P H-13 G A C G C C A C A C T

O PI-02 G G A G G A G A G G T

O PI-09 T G G A G A G C A G T

O P J-17 A C G C C A G T T C T

O PK-11 A A T G C C C C A G P, T

O PK-12 T G G C C C T C A C P

O PK-13 G G T T G T A C C C P, T

O PK-14 C C C G C T A C A C P, T

O PL-11 A C G A T G A G C C T

O PV -14 A G A T C C C G C C P

O PX -04 C C G C T A C C G A P, T

O PX -08 C A G G G G T G G A P, T

O PX -09 G G T C T G G T T G P, T

O PX -12 T C G C C A G C C A P

O PX -13 A C G G G A G C A A P

O PX -14 A C A G G T G C T G P

P: primer used for Capsicum cultiv ars; T: primer used for

Lycopersicon cultiva rs

2. 2　RAPD analysis

　　 We hav e screened 19 single prim ers and 9 tw o-

primers combinatio ns. Decam er prim ers were

purchased from Roth Company ( Germany ) . The
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primer name and their sequence for single primer

reactions are given in Table 3. Additionally , there w ere

perfo rm ed RAPD reactions wi th the follow ing two-

primer combinations: OPK-11-OPG-12, OPG-09-

O PK-13, OPG-09-OPK-14, OPG-12-OPX-04, OPI-

09-OPH-13, OPI-02-OPJ-17, OPJ-17-OPL-11, OPI-

09-OPH-09, OPX-04-OPK-13. Each reaction was

amplified in GeneAm p PC R System 9700 therm ocycler

( Applied Biosystems, Germany ) . The reactions w ere

carried out in a 12. 5μl solution containing Appligene

1x buf fer ( 50 mM KCl, 10 mM Tris-HCl ( pH 8. 8) ,

1% Tri ton X-100) 1. 5 mM Mg Cl2, 100μM of each

nucleo tide, 0. 2 μM of each primer, 0. 25 Uni t Taq

DN A polym erase ( Appligene, Germany ) as w ell as 20

ng DN A. The reactio ns employed sing le prim er w ere

incubated for one cycle of 2 min at 94℃ , 45 cycles of

0. 2 min. at 94℃ , 1 min. at 36℃ ( dow n-ramp rates

w ere 50% ) 1 min. at 72℃ ( up-ramp rates w ere

50% ) , 9 min. at 72℃ , then kept at 4℃ . Fo r

amplificatio n reactions using two decamer primers the

cycler w as prog ramm ed fo r one cycle of 0. 5 min. at

94℃ , 45 cycles of 0. 5 min. a t 94℃ , 1 min. at 35℃

( dow n-ramp rates w ere 50% ) , 1 min. at 72℃ ( up-

ramp rates w ere 50% ) , 4 min. a t 72℃ , finally kept at

4℃ . Af ter amplifica tion, 5 μl of loading buffer

( 0. 25% bromphenol blue, 40% sucrose in sterile

bidest water ) w ere added to each sam ple w hich was

loaded into a 2. 0% agarose g el in 0. 5x TBE buffer

( pH value 8. 0) , ( 0. 044 M Tris, 1. 25 m M EDTA-

Na2, 0. 044 M bo ric acid) submitted to electrophoresis

at 3V /cm. The amplified frag ments w ere visualized by

ethidium bromide staining. The gels were sav ed using

an image system with videocamera and com puter

sof tw are KS 400 ( Zeiss Germ any) . The am plifications

w ere repea ted at least tw o times. Only reproducible

bands, i. e. , present or absent in both reactions w ere

calculated in the analy sis.

2. 3　 AFLP analysis

　　 The AFLP reactions w ere performed with the

AFLP Core Reagent ki t and AFLP Starter Prim er kit

( Li fe Technologies
TM

, Germany ) , follow ing to

manufacturer 's protocol with a m odifica tion af ter the

step of ligation of adapters. The ligation mix w as used

directly for pream plification without preliminary

dilution. Generally 250 ng DN A w ere dig ested with

2. 5 U EcoRI / Mse I, mixing wi th 5μl 5x reaction

buf fer that the total volume was 25μl, following to

lig atio n EcoRI / MseI adapter and amplification in two

successiv e steps. For preamplicatio n the prim ers used

contained the respectiv e rest riction enzy me adaptor

sequence plus recognition si te and one base ex tensio n

( A for EcoRI primer and C for MseI primer ) . For

selectiv e am plification, the complexity of the

amplifica tion products was further reduced by using

primers wi th ex tensions of addi tionally tw o bases. The

pream plification reactions w ere perfo rm ed in Autog ene

Ⅱ ( Grant U. K. ) , and the selective amplificatio n

reactio ns in Gene Amp PCR Sy stem 9700 ( Applied

Biosystems, Germany ) . The sam e DN A preparations

that w ere used for RAPD were also applied for AFLP

analy sis. Thirteen prim er combinations w ere employed

in this study for analy sis of Capsicum and L ycopersicon

cultivars ( Table 4) .

Table 4　 Primer combinations used for sel ective ampl if ication

for AFLP of variousCapsicum and Lycopersicon variet ies

Mse I-

Primer

Eco RI-Primer

AAG ACA ACC ACG ACT AGC AGG

C AA T T T P

CAC T P P T P

C AG P, T

CAT T T T

CT A P, T P

CT C P, T P, T T

CTG P, T P, T T P T

CT T T T P, T

P: primer combination used forCapsicum cultivars; T: primer com bination

us ed for L ycopersicon cultivars

　　 The am plification products w ere analysed in 4%

denatured polyacrylamide gels, visualized with the

DN A silv er staining system ( Promeg a U. S. A. )

according to the manufacturer 's protocol.

3　Resul ts

　　 Out of the 13 RAPD primers perform ed for

amplifica tion of the 25 pepper accessions, ten ( 77% )

primers generated polymorphic products. All prim ers

have giv en intensely amplified products. A total of 81

amplifica tion f ragments w ere scored ( an averag e of

6. 2 f ragments per primer ) , of which, tw enty -eigh t

bands ( 35% ) w ere polymorphic. The f ragm ent size

w as among 400 to 1500 nucleotides. The maximum

number of polym orphic products revealed by one

primer w as four. This was t rue for prim er OPX-04

( Fig. 1 ) O PX-09, O PK-11. The average of

polymo rphic f rag ments per RAPD primer amounted

2. 2.
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　　 Fig. 1 An electropher ogra m of amplification pat ter n with primer O PX -04. P1-P19: V ario us pepper accessions. M: GeneRuler T M

DN A Ladder M ix ( Fermentas, Germany ) . T he a rrow s indicate molecular w eight 500 a nd 1031 bp

　　Out of the 14 primers performed fo r am plification

of the 22 tomato accessions, all ( 100% ) primers

amplified polym orphic f rag ments. A total of 95 bands

f rom 14 single primers ( an average of 6. 8 f rag ments

per primer) were obtained. Of which 58 bands ( 61% )

w ere polymo rphic bands w ith size varying f rom 300 to

1500 nucleotides. For tomato, the maximum number,

nine, of poly morphic bands scored af ter one prim er

RAPD reaction w as detected wi th primer OPX-08. Six

polymo rphic bands w ere found af ter amplificatio n

performed with primer O PI-09 ( Fig. 2) . On averag e

4. 2 informativ e f ragm ents per used primer were

found.

　 　 Fig. 2 An elect ropherog ram of amplificatio n pa ttern w ith primer O PI-09. T5-T 29: pooled DN A from va rious toma to

accessions. M: GeneRuler TM DN A Ladder M ix ( Fermentas, Germa ny )

　　 Furthermore, a to tal of 60 bands w ere scored

f rom eigh t different tw o-prim er reactions ( an av erag e

of 7. 5 frag ments per primer ) for tomato

varieties. Thirty-fiv e bands ( 58% ) w ere polym orphic

f rag ments ranging f rom 300 to 1200 nucleotides in

size. It w as noticeable that the DN A profiles f rom two-

primer reactions had fragments wi th a low er m olecula r

w eight on average than those f rom reactio ns wi th only

one primer. The maxim um number of polym orphic

bands of a tw o-decamer primer reaction w as six

produced by primer combination OPX-04-OPG-12 and

O PX-04-OPK-14, respectively. On av erage, the

number of info rmative frag ments w as 4. 4, which was

quite similar to that f rom one-primer reactions.

　　 The presence and absence of the amplificatio n

products w ere used to com pa re among the 25 pepper

accessions and 22 tomato accessio ns and to disting uish

the varieties. In pepper accessions, the polymo rphic

bands g enerated by OPX-04, OPK-12, OPX-14, OPX-

09, O PK-11 reactions recog nized 24 pepper accessions

( Table 5) . Only P10 and P15 show ed the sam e DN A

profile ov er these fiv e primers.

　　 For tom ato, tw o RAPD analyses w ere enoug h to

discriminate 21 accessio ns. Only varieties T6 and T8
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exhibi ted an identical DN A profile by ex amining the

polym orphic markers produced by primer I09 and two-

primer reactio n O PG-12-OPX-04 ( Table 6) .

　　 The pepper accessions including three hot small-

f ruited varieties were further analy zed wi th AFLP

ma rkers. Thirteen primer combinations were used to

amplify f ragments f rom the pepper g enome. A total of

788 am plification f ragments w ere g enerated. The size

of f rag ments ranged from 270 to 800 nucleotides. The

av erage number of products per prim er pai r was

60. 6. A total of 81 ( 10. 3% ) polym orphic

amplificatio n products w ere detected. The maxim um

num ber of polymorphic bands f rom one primer pai r

w as fourteen ( wi th M-CAC /E-ACC ) ( Table 7 )

. Moreover, the DN A pat tern rev ealed by this primer

pai r and the DN A pattern g enerated with M-C AG / E-

ACG could distinguish all 25-pepper v arieties,

respectiv ely.

　　 All of the tw enty -tw o tomato accessions were

further analyzed with AFLP markers; tw enty prim er

com binations w ere used to amplify the f ragm ents f rom

the tomato genome. A total of 930 amplificatio n

f ragm ents ( 46. 5 f rag ments per primer pair ) were

genera ted. Fifty-one ( 5. 5 % ) polymo rphic f ragm ents

ranging f rom 95 to 400 nucleotides in size were

sco red. The maximum number of informativ e

f ragm ents f rom primer pair M-CTC /E-AC T

amounted to nine. The used 20 prim er com binations

w ere insufficient for discrimination among the tomato

varieties.

Tabl e 5　 Variation in twenty-f ive pepper (C . annuum ) accessions revealed by RAPD polymorphic markers produced by f ive single

primers X04, K12, X14, X09, and K11 reactions

b. p.
X 04 K12 X 14 X 09 K11

1100 940 700 690 610 1200 1100 950 800 750 1300 450 1750 1300 1031 550

P1 + + - + - + + - + - - - + + + -

P2 + + - + + + + + - - + - + + - -

P3 + + - + - + + + - - + - + + + -

P4 + + - + + + - + - - + - - + - -

P5 + + - - - + + + - - + - + + + +

P6 + + - - + + + + - - - - + + + -

P7 + - - + + + + + - + - - - - - -

P8 + + + - + + + + - - - - + + + -

P9 + + - + - + + + - - - - - + + -

P10 + + - + + + + + - - + - + + + -

P11 + + - + + + + + - - + - + - + -

P12 + + - + + + + + - + - - + + + -

P13 + + - + - + + + - - - - + + + -

P14 + + - - + + + + - - + - + - + -

P15 + + - + + + + + - - + - + + + -

P16 + + - - - + + + - - + - + + + -

P17 - + - - - - + - - - - + - + - -

P18 + + - + - + + - + - + + + + + -

P19 + + - - + + + - - - + - + + + -

P20 + + - + + + + - - - - + - + - -

P21 + + - - + + + + - - + - + + + -

P22 + + - + + + + + - - + + + - + -

P23 - + - - + - - - - - + - - + - -

P24 + + - + + + + + - + + - - + + -

P25 + + - + - + + + - + + - - + + -
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Tabl e 6　 Variation in twenty-two tomato (Lycopersicon esculentum ) accessions revealed by RAPD polymorph ic markers produced

by one single primer I09 and two-primer G12-X04 react ions

b. p.
I09 G12-X04

1400 1300 850 610 550 540 520 1400 1200 610 430 200

T 1 - - + - - - - + + - + -

T 2 - - + - - - - - + - - -

T 3 - - + - - - - + + - + +

T 4 - - + - + - + - - + - -

T 5 - - + + + - + - - + - -

T 6 + - + + + - + - + + - -

T 7 - - + + - + - - + - + -

T 8 + - + + + - + - + + - -

T 9 - - + - - - + - + - + -

T 10 - - + + - - + + + - + -

T 11 - - + + + - + + + + - -

T 12 - + + - + - + + + + + -

T 13 - - + - - + - - + + + -

T 14 - - + - - - + - + + + -

T 15 + - + + - + - + + - - -

T 16 - - + - + - + - + + - +

T 17 - + + - - + - - + + - -

T 18 - - + + - - + + + + - -

T 19 - - + - - - + - + + - -

T 22 - - + - - + - - - + - -

T 26 - - + + - + - - - + - -

T 29 - + - - - + - + + + - -

Tabl e 7　 Variation in twenty-f ive pepper (Capsicum annuum ) accessions revealed by AFLP polymorphic markers produced by

primer pairs for sel ective amplification M-CAG /E-ACG and M-CAC /E-ACC, respectivel y

b. p.
M -CAG /E-ACG M -CA C /E-A CC

270 290 325 360 470 490 540 590 600 700 800 280 290 295 300 315 320 325 330 360 390 405 565 700 750

P1 - + + + + - - + + - + - - + - - - - + + + + - - +

P2 + + + - + - + + - - + - - + - - - + + + - - - - +

P3 + + + + + - - + + - + - - + - + - + + + + - - - -

P4 + + + - - - + + - - - + + + + - + + + - - + + + +

P5 - + + + + - + - - - + + - + - - + - + + + - - - -

P6 - + + - + - + - - - - - - + - + + - + + + + - - +

P7 + + - + - - + - - - - + - - + - - + + + - - - + +

P8 - + + + + - - + + - + - - + - - + + + + + + + - -

P9 + + + + + - + + - - + + - + - - - - + + - + + - -

P10 + + + + + - - + - + + + - + - - - - - + + - - - -

P11 - + + + + - + + + - + + - + - - - + - + + + - - -

P12 + + + + + - + + + - + + + + - - - + + + + + + + +

P13 + + + + + + + - + - + + - + - - - - + + + - - - +

P14 - + + + + + + - + - + - - + - - - - - + + + - - +

P15 + + + + + - - - - - + - - + - - - - + + - - - - -

P16 - + + + + - + - - - + - - + - + + - + + + + - - +

P17 + + + - - - - - - - - + - + - + - + + + - + - - -

P18 - + + + + - + - - - - - - + - - - - + + + + + - -

P19 + + + + + - + + - - - - - + - + - + + + + - - - +

P20 + + + - - - + - - - + - - + - + + + + + - + + + +

P21 - + + + + - + - - - + - - + - + - - + + + + - - +

P22 + + + + - - - - - - - - - + - - - + + + + - - + +

P23 + + + - - - - - - - - - + + - - - - - + - + - - -

P24 + - + + - - - - + - - + + + - - + + - - - + + + -

P25 + - + + - - + - - - + - - + - - - - + + - - - - -
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4　 Discussion

　　 Determination of genetic puri ty of pepper and

tomato va rieties is an important quali ty requirement in

plant breeding and seed production. Cultiva r

identification is m ostly based on mo rphological and

disease resistance cri teria. New DNA-m arker

techniques represent pow erful tools for varieties

identification. In the present study, w e found two

AFLP prim er combinations, w hich generated

polym orphic fragments and w ere able to discriminate

one accession f rom each o ther am ong Chinese

C. annuum v arieties of various types. In comparison,

the RAPD markers w ere no t so effectiv e in

distinguishing the cultiva ted peppers. Only a set of fiv e

decamer primers did allow the disting uishing of 24

from 25 accessio ns. Examining thi rty-four pepper

varieties of different ty pes by Pa ran et al
[17 ] . , a simila r

result, namely that AFLP markers w ere mo re ef ficient

than RAPD markers in detecting polymo rphism in

peppers w ere reported.

　　 The result w as reverse in the tested tomato

varieties. The rev ealed DN A polym orphism w as higher

by using RAPD than by AFLP. There w ere two

RAPD reactions enough for discrimination amo ng 21

varieties. This result supports the conclusion by Rus-

Kortekaas et al.
[ 10]

describing a high percentag e of

bands sha ring in RAPD markers of

Lycopersicon. Using four reselected RAPD primers

they could identify 11 of 15 v arieties by unique

combination of poly morphic bands.

　　 But there w as none out of 20 AFLP primer

combinations to distinguish the screened 22 tomato

varieties. From this it follow s that the selection of

m olecular marker technique sui table for discriminating

of plant v arieties depends on materials. Moreov er, the

result could be influenced st rongly by screened

ma terial. We found that 61% of RAPD frag ments

w ere polymo rphic for 22 Chinese tomato

varieties. William s and St. Clair [18 ] checked 48

accessions of Lycopersicon ssp. by RAPD revealing

37% informativ e fragments. Noli et al.
[19 ]

characterized 67 cultiv ated tomato accessions and eight

accessions of wild Lycopersicon species. For all

together they found 56% polymorphic RAPD

frag ments ( f rom 6 primers) . If they took into account

only the cultivated accessions the percentag e of

polym orphic bands w as reduced to 32% . RAPD and

AFLP are PCR based techniques. It is useful that both

do no t require specific sequence informa-

tion. Mo reov er, an adv antage of the proposed protocol

is the use of to tal plant DN A isolated using simple fast

method. This is im portant since the DN A-ex tractio n

step could be cost and labor consumpted. Hazhizum e et

al. [ 20] hav e show n that DN A prepared with a simple

method g ave the same RAPD pat tern like high-

purified DN A. We hav e utili zed DN A from a fast

method
[21 ]

for RAPD analyses as w ell as for

AFLP 's. AFLP is an able technique in w hich w e get

robust and reliable DN A marker f rom the genome[ 22]

. But compared wi th RAPD technique, it is ex pensiv e

for reagents and inst ruments, the method includes

mo re steps than that of RAPD. Controlling the

reproducibility of the g eneration of RAPD marker

depends o n the standardizatio n of many factors like

suitable DN A concentration, the thermal cycler for

amplifica tion and Taq-polymerase purchased from one

com pany
[23 ]

. If kept in the stable amplificatio n

condition, the RAPD reaction also can generate

intensely reproducible informativ e f ragments,

mo reov er, it is a rapid, simple, economic technique. Our

present study suggests that dif ferent m ethods could be

employed to dif ferent cultivars. In a g reat amount for

these Chinese pepper and tom ato v arieties, i t is

suf ficient to get v ariation rev ealed by RAPD

marker. Only in few cases i t is necessarily to utili ze

additional molecular m arker technique.

　　 RAPD analysis w ith tw o primers gives completely

new DN A profiles in comparison to the reactio ns w ith

only one corresponding primer. This is a simple

modification enabling more informatio n about the

genetic v ariatio n in the plant materials. The result is in

accordance to Klein-Lankhorst et al.
[24 ]

as w ell as

Kochiev a and Suprunov a[25 ] .

　　 The RAPD and AFLP data represent informatio n

for t rai ts of pepper and tomato varieties, w hich could

be of practical use for v ariety identification and

registratio n as well as for actual breeding. There is a

possibility to find commercial varieties purposely or

unintentionally mixed with other v arieties. So the

polymo rphic RAPD and AFLP markers are effectiv e

to control the com mercial varieties quali ties and to

discriminate the self-pollinated pepper and tomato

varieties w hose g enetic bases are narrow. It is hopeful

that molecular markers will be an important addi tional

technique, moreov er could be a substi tute of
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m orphological ma rkers.
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