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HWE  ERTEARE R (chloroplast genomic DNA, cpDNA) 4/ 5! ¥ #t I £ (chloroplast
simple sequence repeat, cpSSR) #J 9 A AFAERAT T 2B /AT, R XA, cpSSR &5 A /£ 25~40
kb #2100~130 kb AN R 3K, TRUZAETEANRELS L. ERATEARS, & EH1 79.3%,
ZHAFEE 10.1%, ZHEAFeZBEA L EFTRE 10.6%. £HEETEETEUA),FT),HE, =
H b EHET78.8%, —HBAELELRAT), XN 93%. ATLRELSAL, RLTLY
(A), #2(T), HARKE T ASA 2, MEFRGE LA, F(T), A 14 KRR 15KAH %, &t T 653l
#, 35 T FIN B X % cpDNA #4745 3. LRAN, 6 531304 73 =4, 51 5| -+ ¥ sese )
B 22NN AR, JURAA I AR EMIN, BN, FE ferb i P@R, 55 A 14 Friksh
Ay EY, Bk R R, AE/N cpDNA F & I cpSSR 47L& — R TATH) 1842,

R

% P2 ¥ % (microsatellite or simple sequence
repeat, SSR)MYAFTE AL E W IR FE R 2H h, 7Em 4
HWHRRAFBHZ 1. Powell I H LA
A TR MEBERTRES - gEBIE
(chloroplast simple sequence repeat, cpSSR)4RiE, 3
IR THARMEYI M BB EAT 5T, 5% E DNA
HALL, M4 443 K1 40 (chloroplast genome DNA, cpDNA)
BHREBREESX, MERFESFREND. ZHI,
SEA TR B AR 1, IXAEE AT LA cpSSRARIE T 4%
IR A BATEAL TP, AL, cpSSR FRiCIEFHKE
BERH SSR bric LB, BERME. ZEM
PSR S, IR R 2K B EEYIF RIS
SRR, FRYF X R EK P HsE E R

cpSSR HAR G FEH 4 SSR HARJREAF, 1
A EERACE. FMiEMNFRS, B
cpSSR ARIE M FF R TE A WA, B0 M AR B
4 i) cpDNA + 4 M. 7853 FI A cpSSR M E P
IR Y. BYIMFF K cpSSR 5IR — KA TF.
EFIHEED. B, MBRR R cpSSR 514
AT RS 7 RHE AT AR MR
HRAEY . BEr, WHE. KB, EX. B
LS EY) cpDNA 275 DN M, FFEM EAFF
B, HFEFRHEKER cpSSR R,

 JN(Cucumis sativus) &3 B EE R HRKAEY)

BN, HAERA; M T E; frid

Z—, E RS HMBERE. BSEAEREED,
ORI T 5 AR 43 Fhm e M AEE B MR R KB A B
BEER, MR THARENIZE. BT EEE
DNA (random amplified polymorphic DNA, RAPD).
1 F B K B % &M (amplified fragment length
polymorphism, AFLP). SSR 2471z B T8 /N % 5
BT, SRTM cpSSR FRidHIFF K SR RARE. |
JK cpDNA 4=/ 51) 7 [ B #A 7 R 22k 5 20 oKl KO 9 R
Rz —1, KEFFEL 578K cpSSR 7E cpDNA H
M5 FHEAE, FFR cpSSR A1, AT EAMM R

1 MRI57A%
1.1 cpSSR ByIE &

2008 ££ 5 A 20 H Nk E B R EMBAF L L
M35 (http: //www.ncbi.nlm.nih.gov/entrez) LA FASTA
%30T BN Sk 5 K 4 22751 (DQB65975), F
“Tandem repeats finder” (http: //tandem.bu.edu/trf/
trf.html) EIRBREM DE, THEM D ENERE
A “HRERFFRH THR” SSRIT (http: //www.
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gramene.org/db/searches/ssrtool). #EREZMHEN: &F
TEEEN—. —HN=ZHENTEERMIER/
EFHST R0 10, 550 4, VORREEFIDURREE AL )%
TEBNEFREIIAN 3, HREENREEEZNIM
TERRES/NEREN S, ZHEN—RBEL L&
NEFHIA3. MRESNEAETNAFEX
. Jarne SFHIIRIE . :

1.2 cpSSR 3|¥F %

F| A Primer 3.0 (http: //frodo.wi.mit.edu/cgi-bin/
primer3/primer3_www.cgi) X334 cpSSR HIFFFik
TR, IR FHE R TEAHI. 5
YWt FESHON: 514K 18~22 bp, BI&E 20 bp; 3l
VIR KB 50~60 C, E4L 5 YIBKIBEZ Z# S5 C
PL; GC% & & 30%~70%, B i 50%; PCR Fii#irs
YK 100~300 bp. REBAETIY _REMHHIL.
1.3 cpSSR 3I¥TFiE SER D

7 43 3 JN(Cucumis sativus) B3 R [2BEE 3 4
HARA . 3 R R BV 1 A0 S B A P (5 UK
N JN)(C. sativus var. xishuangbannanesis)]|FT
cpSSR SIMHIFFIE. AL, 4 FhdE = RHEDIER(C.
melo). T8 JN(Citrullus lanatus). #i7(Lagenaria
siceraria)%ﬂﬁﬁ(Trichosanthes kirilowii)| 1 4 Mz &
WMKFE(Oryza sativa). EX(Zea mays). N
(Brassica campestris ssp. chinensis) & #ti(Lycopersicon
esculentum)] AT cpSSR 5 [ ¥@ A . Fr& #1%
DNA $#£HUCRA CTAB #®, PCR ¥ #RNIER KRS
pie Cheng"%‘mﬂgi’ﬁiﬁe YA EE 0.5 pg/

Number of cpSSRs
o
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cpDNA length (kb)
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Fig. 1 Distribution of cpSSRs in cpDNA of cucumber

ml R ZEEHT 3% SRARPE BRI Bk . B

2 R
2.1 M43K cpSSR B9 7

# K cpDNA 255K 155 525 bp, FLiHR H 227
MEBE, FFEKERN 1993 bp (MEIEEEE
RHHERTH), HEFRHALKN 1.73%. cpSSR
WA TEE U, M 25 bp Z 155 500 bp ¥H 4 7A,
BENREEHAYS, AEFXESRHRXZ 5. BN
cpSSR FEERHMAERANX B, Bl 25~40 kb F
100~130 kb, iXFANXIBEKE G ERA 2K 45.0%,
4B ATH 90 ANF1 59 A cpSSR, M T E BB
65.6% . 80~100 kb F1 130 kb~ JFFI KK EM DE
S, BAXEIESME 34 4 cpSSR, &
EER15.0% (B 1),
22 EEETNSH

Table 1 Repeat motifs in cpDNA of cucumber

Repeat types Major repeat motifs Number of cpSSRs Percentage (%)
Complete repeats Mononucleotides A (26), T (27) 54 23.8
Dinucleotides AT (8) 10 4.4
Trinucleotides AAT (3) 5 2.2
Tetranucleotides AAAT (4), AATT (2) 9 4.0
Pentanucleotides AAAAT (2) 4 1.8
Total 82 36.1
Interrupted repeats Mononucleotides A (53), T (69) 122 53.7
Dinucleotides AT (12) 12 5.3
Trinucleotides AAT (4) 4 1.8
Tetranucleotides AAAT (1), AATT (1) 2 0.9
Total 140 61.7
Compound repeats Mononucleotides A(),T@3) 4 1.8
Dinucleotides AT (1) 1 0.4
Total 5 2.2
Grand total 227 100.0

Note: The number of cpSSRs related to the motifs was bracketed.
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EHRENIN 227 4 cpSSR F, BLERENMEE
AN HREEMNMIE 1404, EEEENMTE
EUH 54, =& 984 cpSSR B ¥ 36.1%. 61.7%
M 2.2%, iX Ui B B I SRR B R4 ) cpSSR &
UL ESMERBER N E. HRMEEEMTE
180 NMEIETL. HMNEEER), SIEHIER
##79.3%, BUATEEER HFE1221, & 53.7%).
THWEMIE 23, SEEK101%. =REMN=
WEU LMD EI]RE 244, 5106%. AFIT RS
WEM T2 EEETEIT, 27 & 35.2% F143.6%,
CHREIT 2R GURELNR. _EHBEMTE
HEFEII3MHET. b, ZHEAT 214, &
9.3%) kX, =ZBFELL AAT (74, & 3.1%) 0 %, VO5
FLLAAAT 54, H522%) 0%, EREMTESNN
STRES, K AAAAT HELT 2K, & 55/ 0.9%
(F1).

23 ESXBSH

EFER KRB R SRS KER R E
cpSSR ZEMMFERE., F2 ME3 BT HEKX
cpDNA FFEFEFHIT A FI T ERIREM I AED
ERRE AW TES, TLEEFRENM 10 3 17 %,
BFEI0RERAFO D), EEERIREHI N
(A), BHEZH L, (A), NF 14 FRERKREN
SRR “V” ZR, WREENHMITEHERS
OMN), EEEEXREMMEZBED, A), HEWANT
B 2). BEEMD, ERRENAFERSA), T
SHHRLE 3), REERHRE N 16 1%, MIBEEHK
BEH20K, BRERD),BEN 11, ARESK
(D), 7E 14 IXFI 15 R L5l %, ¥ 104>, BEAH,
TETREMTEART S BURBKERE N E.
2.4 cpSSR 3|HIRFX -

| F primer 3.0 3445t BE LBk ) AR (A), A0
(T), A K ZHREE(AT), 3t 15 Mo B EBAT51%
HTHEEMEFFTE. GC FEMEIMIKES
FHE, RIKE 6 X514, Eidxt 7 48 R R 3AT
PCR 38, £ R KM, 6 X 51¥I¥F Y =), =Y1K
/N3 100~300 bp, ZEAFFE TR/, HHEEEE
FER M cpSSR KERWTTIE. BX5I6ERNZ
1~3 NEALREE, 2.2 4. B CCo4 4b, HAhT]
VIR R 2 ANk 2 ML R R E (R 2). B
4 4519 CCO3 £ 7 B AR h Iy 45 R .

2.5 cpSSR BB
L 6 X cpSSR FI4XT 4 FILLFHFN 4 FhIZ &

12 r —0O— Complete repeats

—&— [nterrupted repeats

Number of cpSSRs

A "l e e
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Number of repeats

Fig. 2 Distribution of the repeat number of mononucleotide A
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Fig. 3 Distribution of the repeat number of mononucleotide T

3
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Fig. 4 Band pattern generated by primer CC03
1: DNA marker DL2000; 2—4: north China ecotype; 5-7: south
China ecotype; 8: wild relative species (C. sativus var.
xishuangbannanesis).

43 HIEAT PCR ¥ 38, LIS I YRGB Y. 519
Iy s R HFE 3. CCO1~CCO04 F1 CCO6 7E 4 Fhf
FRHEY) T REY 1 AT, CCO5 ZERR#H A LLAMY
3MEARHEY DR MY, B T REFHFEE
FAtE. CCO3 ZEFTHIA 4 FZ&FF R IYReT ¥
W, HEAERR. 514 CC02. CC04. CCOS5 F
CCO06 7 1~3 P&t AF@EAM. CCol Rxt#
FRMER, MEZGH T REY H=Y.

3 itit
cpDNA RERTFH. RRBIEER A, BIEY
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Table 2 The cpSSR primers with amplified fragments in cucumber
Primer code Repeat motifs Primer sequences (5' —3") Expected product Annealing Number
size (bp) temperature (C) of alleles
CCo01 (A, AAAATGGGCAATCCTGAG
ATTCCTTTACTAACGCAACG 117 53 2
CCo02 Ty CGTTACGGAAAGGAGGAAGA
GAGACAATCGGAAGATGGGA 194 55 2
CCo03 (A AAGACCAAAGAACATTACAT
AAGGGAAATAGACTACTCAAA 148 50 3
CCo04 (TA) CGCCTCCTTTATTACAGTTCTAT
TCCGTATTGATTCGTTTCCAT 273 55 1
CCO05 (A);..(A), CAGGATCAAACCTATGGGACT
GGAATCTGGGCTCTTCTACG 112 55 2
CCO06 (T)o..(T), CAAAATCAACCGAGGTAATGTA
ATAAACGAGGGTGTGGATAACT 226 55 3
Note: CCO5 and CCO6 represent the primer pairs flanking compound repeats. “-” means interrupted bases.
Table 3 Transferability of the cpSSR primers to other plant species
Primer code Melon Watermelon Gourd Snakegourd Rice Maize Pakchoi Tomato
CCo1 P (1) P (1) P (2) P (2) N N N N
cco2 P (2) P (1) P (2) P (1) P (1) P (1) N N
cCo3 P (2) P (2) P (1) P (2) P (1) P (2) P (1) P (1)
CCo4 P (1) P (1) P (1) P (1) N N P (1) N
CCO5 P (1) P (2) N P (1) P (1) P (1) N N
CCo06 P (2) P (1) P (2) P (1) P (1) P (1) P (1) N

N: No amplification; P: Amplification with allele number in bracket. Materials: melon “yilishabai”; watermelon “yuyixinmoyu”;

gourd “guoguohulu”; Snakegourd represented by primitive species; rice “fangxinyihao”; maize “yudan998”; pakchoi “rekangqing”;

tomato “fendounvhuang”.

U R FAREIEE R AR R EREYA, Fit,
BEEHE) . MERRTEZEREZENTR, WA
SREMH., REAUKBEFENTIRTES RFD,
Kl tk, cpDNA B SZ R 2k, B cpDNA F#1E
1 cpSSR LIARTEAYI B AL HT. FiBERIE. B
MEAL SRR E R ERNE . BT RAME
FERI T 1ETF R cpSSR FRic Bt 3 f, BATRE T 5
EST-SSRARCEFF AARBLI 77100, A2 FE B4R e b 7F
% cpSSR ¥7id. HAT, GenBank T H KEME
SEHEY) cpDNA H 43 P 5 A 4 #4) cpDNA 584
F3, X FFE cpSSR FRILHI E R AR .

BHHA cpSSR 7E cpDNA 4> i, BRI K
cpSSRAFICMEELE. cpSSR HFH/MEA
cpDNA J¥71, (B3 A5 . XF 8 SR ER R 4
27553 HT R I, cpSSR EE 53 A T3 K cpDNA
KN E$ I [X (large single-copy region, LSC)Fl/|s %
JU[X (small single copy seguence, SSC), BIp§ /N4
X, MK P A~ X et 2 SR A A BOR 2 B R 2 5
X, FEHASREELRFF(inverted repeat, IR)H

cpSSR A E/bE, BRI FINA, FEEK
FAEETERITS, LSC fl SSC 4 fi# % i SSR £
A, ATREREAIN IR XBRE KM REZ —02,

)N cpSSR BN 8, FELMRES K B
HE, EHPARMTRENRHESTE T, 5HMEE
Yoy FERl, FEFTRIAE 21 A B E R,
(AT), HEL T 191K, T S5 A% E 4 SSR £ T
KL, FI, (AG),. (AT),» (AAG), ZH#RE N
PR LR, FEFRRIMMERETEL D, (AAT),.
(AAAT), F H ISR Z, X AT 6t 5(A), F(T),
R RRGERE X, cpSSR XFRER. LISBH
REENERDAEFS, TTRES cpDNA 2 5 s 5
AT B K

cpDNA F5HE LR ~F, HiFE RO HEE
#1110 1/5 12, BH I, cpSSR ARIETEIL & FhH 2 im 4
P EARFIEA TS BATRIEH 6 X cpSSR 7|
YL E7E 4 Mg R baEH, 5 X519 7E 1~4
MomgMPEH, BT RIFIEMME. XY
KRR, TASIMFRBEA, T —Lu
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YR TE 55 AT cpSSR FRic FF &K BB RIF B
Ne R cpSSR ARCE ALY, HE SRR
28 SSR #rifK. 1540, Watcharawongpaiboon & 117!
MK cDNA XEHFF KK SSR 5191 FE Xt Gets
W2 3.6 NMEAEEE, BREOX T A, TMATRFF
PIgxt 519 R aER R 2.2 MEMFER, ZEMHE
R THEP 4 SSR ARiL, FR T cpDNA {RF AP E %
ZAh, ARG AR R >, AT RERRR T S LA
fr FER A HBURZE . X T cpSSR A LA EH]
i, BRTEAAES R, AAUNN SRR ETHE L
HIEXRR, T Weising FUSHA A AT GERZ A BL T ) 8A%
HRELLEAKEZSME, TR TR
AR BRI AESRASIX . Rk, AthATT3EIFE cpSSR 5
Y RE T, 51X R N E E — 45 AT EgRTD
X, UEmEbrid 2 &M

I X 3K cpSSR 431 M 5 I 9T, A
AR T XA AL AR, I B B TR Ei R
2 HAMBE D cpSSRATICHIFF A, Ll — PRk E
VIR BRI . BT, BIEEINEA R AR
cpSSR PR TAREERMNTER EC L L TR
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Characterization of Microsatellites in Complete Chloroplast Genome of
Cucumber (Cucumis sativus) and Marker Exploitation

Jian-Bin Hu, Jian-Wu Li*, Fang-Fang Liang, Ying Liu
(College of Horticulture, Henan Agricultural University, Zhengzhou 450002, China)

Abstract Characterization of microsatellites in complete sequence of chloroplast genome (cpDNA) of
cucumber (Cucumis sativus) was analyzed in the round. The results showed that chloroplast simple sequence
repeats (cpSSR) were mainly distributed in the two regions of cpDNA, 25-40 kb and 100-130 kb, most of the
cpSSRs belonging to complete repeats and interrupted repeats. Of these cpSSRs, mononucleotide repeats were
maximum types with the frequency of 79.3%, and dinucleotide repeats accounted for 10.1%, and all of the trinucle-
otide repeats and those repeats over trinucleotide in length only accounted for 10.6%. (A), and (T), were major
repeats in mononucleotides, totally accounting for 78.8%. (AT), was dominant dinucleotide repeats with frequency
of 9.3%. As for repeat number, most of the complete repeats of (A), and (T), had the lowest repeat mumber, while
14 or 15 repeats were major for interrupted repeats of (A), and (T),. Six primer pairs were designed and used for
PCR amplification of the cpDNA of 7 cucumber inbred lines. The results showed that all primer pairs had amplified
fragments in cucumber materials and each of the primers detected mean 2.2 alleles. All of the primer pairs were
almost transferable to melon, watermelon, gourd and Trichosanthes kirilowii. Five primer pairs could successfully
amplify in 14 distantly related species. These results indicated that exploitation of cpSSR markers from cucumber
cpDNA is practicable.

Key words cucumber (Cucumis sativus); chloroplast genome; microsatellites; makers
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