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repeat; SSR) #E5E - RNEEZ AN EYHER
4H (Condit & Hubbell 1991; Wang et al. 1994;
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e A R e By =% H Bz A2 751 (tri-nucleotide
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PP83(191,203, 248, 257 bp) 4 {H EQ ( 2- %% 2) - ﬁ?
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DL SSR X, Y (EPMS-747 B[R FEE) #1F No.
5 FECTE AT mON G S 2 HEM A
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IR HE —EEMERR - EPMS-747 36 bp)
R AR BE—MEEMRERR B I No. 5 55T
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300 bp

200 bp

100 bp

Primer: AVRDC-PP88; Hpms2-24 Prime: BM59622

(B)
M GO 9F.Q JP9F.Q M 39 QF,Q

300 bp
250 bp

200 bp

150 bp 200 bp

Primer: EPMS-712; AVRDC-PP79 Prime: CAMS-327

1. DIERF, anfl 3607 B ‘CA3 #H[EHEIA (9 ~ &) Bt B FHH SO T4l e Hy L1 SSR AL -
Fig. 1. Representative co-dominant SSR markers selected from pepper hybrid lines of 360’ and ‘CA3’. The SSR
markers that produce distinguishable PCR products in parental lines and their F, hybrid are marked with black boxes.
Co-dominant SSR markers, AVRDC-PP88, Hpms2-24, and BM59622 selected from hybrid ‘360’ (A) and co-domi-
nant SSR markers, EPMS-712, AVRDC-PP79, and CAMS-327 selected from hybrid ‘CA3’ (B) are shown. M: 50 bp
DNA Ladder from GeneMark.

1. H 374 ({55 SSR ARAEETEEH 12 ES3H/E SSR fESE K H PCR EVJFFIE -
Table 1. Characteristics of the 12 selected informative SSR markers and their PCR products.

Locus (accession no.) Repeat motif Expected size (bp) Product size (bp)
CAMS-327 (TC), 243 255-325
CAMS-340 (TA); (AG),; 250 264-300
CAMS-885 (GAA) 248 230-372
AVRDC-PP79 (ATT), 218 227-251
AVRDC-PP83 (GAC), 191 191-257
AVRDC-PP88 (CAA), 114 126-186
EPMS-709 (GAG), 272 260-401
EPMS-712 (GCA) 148 151-175
EPMS-747 (TTCT); 274 270-351
Hpms2-24 (CT),,(CA)sA,, 205 195-213
BM59622 (CTT),(CAT), 90 84-120
AGi056 (AGA), 240 234-347

TEAIEA EPMS-747 37 256, 326, 3510p) 4 (B 71 B2 (8 EPMS-747 B[R BRI &5 R - 4 5% 25 B9 AR HY
2~ %2)° 120 {f No. 5 FEACTEA S HFRLE  SSR-PCR EWIAREMW - 4Rk 64 IYEPRELIEL A
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Fe2. FIF 3 {ERASEM: SSR FEEEHEE 120 {If No. 5 FEATHH 7 B AN -
Table 2. Summary of genetic purity testing of 120 individuals from hybrid No. 5 by three identifiable SSR markers.

Female parent Male parent Putative false Putative
SSR primer specific band (bp)  specific band (bp) F, profile (bp) hybrid (plant no.) hybrid Purity (%)
AVRDC-PP83 203 191 191, 203, 248, 257 64 119 99.2
EPMS-747 270 286 270, 286, 326, 351 64 119 99.2
BMS59622 84 96 84,96, 120 64 119 99.2

2:3. FIA 2 {ERAZEM: SSR BESEHIE 120 {E No. 6 FEAcHE 2 B AN -
Table 3. Summary of genetic purity testing of 120 individuals from hybrid No. 6 by two identifiable SSR markers.

Female parent Male parent Putative false Putative
SSR primer specific band (bp)  specific band (bp) F, profile (bp) hybrid (plant no.) hybrid Purity (%)
AVRDC-PP83 191 202 191, 203, 248, 257 81, 85 118 98.3
CAMS-340 300 264 264, 300 81, 85 118 98.3

4. FIH 2 {ERAFEME SSR HESEHE 120 {H No. 7 FEscis 2 B {HAIE -
Table 4. Summary of genetic purity testing of 120 individuals from hybrid No. 7 by two identifiable SSR markers.

Female parent Male parent Putative false hybrid Putative
SSR primer  specific band (bp)  specific band (bp) F, profile (bp) (plant no.) hybrid Purity (%)
CAMS-340 264 276 264, 276, 290 49, 68,77, 81, 96, 119 114 95.0
EPMS-712 157 151 151, 157, 166, 175 49, 68, 81, 96, 119 114 95.0

Y SSR profile fH[E > T g8 K LR AR 5 A FH
TR H AT T 40E £y 98.3% ([ 3~ #2) «

PL BM59622 FL R FE #E 7T No. 5 FEX &
THEmAGER BE2ESUEREY &
&1 3 {él SSR J5 F% (84 ~ 96 Jz 120 bp) » H
BMS59622 4, £ No. 5 FEAZfE £ ARy H — M
FUMAERR B BM59622(96 bp) By AR B
—MEAEARR B> M No. 5 HXHAIER
BM59622(84, 96, 120 bp) 3E R B (B4-%k2)-
120 f No. 5 7 S FE Y 45 oF o bR & A HI 45 5 -
GRo% 64 IVETFRELRE AR SSR profile #H[E] » 1]
BE Ry BEAH ATT 4% (8 4) - fik BM59622 KA
JFE PCR 73 i EEY) » Kt B HE 4S5
99.2% (f& 4 ~ 3 2) - #7144 AVRDC-PP83 -
EPMS-747 ~ BM59622 % [X J# 2 SSR-PCR 4y
Mréd 5 > No. 5 FEACHE T 2 B E AT £ 99.2%
(%3) - BRBEREEERENAARZ GOT #ELS
R IRETARTE 64 1V R FE B IEE N F,
TEPE (455 53) MEARAE S - HEGT PR A ([
5) e

FIF SSR 73 T EEREHEST No. 6 HEARTE T
il £ k@ M © DL AVRDC-PP83 K [ Ji #E 1T
No. 6 FEATHE T4 & i W45 5 - 1E5 2 5 Ar
EREY G 48 SSR 7 B (191 ~ 203 ~ 248
2 257 bp) » Hrf AVRDC-PP83 g, 4, Fy No. 6
MEACTEBEAH B —MEF L AN R B > AVRDC-
PP83 503 vp) R AR E—MEMRERRRE MM
No. 6 %’Eﬁ?@ﬁjﬁ AVRDC'PP83(191, 203, 248, 257 bp)
4 {17 B (8 6 ~ & 3) - {{K# AVRDC-PP83
PRI A JHI4E SR - 120 {8 No. 6 FEATEAVES S i
o 4552 81 FI4% 5% 85 (9 F ik Bl £} A ) SSR
profile fH[E] » ATRE R BREAE AT - &KatEH
FEACTE T4l [E Ry 98.3% ([@ 6 ~ & 3) -

LI CAMS-340 A [H £ #E 7T No. 6 Fi 5 i
THERANEER - BV 2 EE U EARE 3
& SSR 1 B (264 ~ 300 bp) » H.ft CAMS-340
s B No. 6 FESC T AR EY 3 — Pk S5 iy 2R
F B > CAMS-34050 ) F A I B — M S L
FEWF B 1fi No. 6 5 ACHE £y CAMS-340 4,
wow 3 T8 F B (87~ %3) - 120 {E No. 6 %
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M Q:Line1-10 J: Line11-18 Individual F, plant 1-18 M

M Individual F, plant 19-54 M

M Individual F, plant 91-120 M

2. DL SSR#HEE (AVRDC-PP83) HE{THH No. 5 FYFEACHE 40178 2 Al -

Fig. 2. PCR results of 120 hybrid seeds of No. 5 and their parental lines (9 and &) using AVRDC-PP83 SSR marker.
F, individual #64 (indicated by arrow) shows the same product pattern as that of female parent represents a progeny
produced from selfing. M: 50 bp DNA Ladder from GeneMark.

M: 4Line1-10 Q: Line11-18 Individual F, plant 1-18 M
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Individual F, plant 19-54 M
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3. DL SSR£E5E (EPMS-747) #E{THH No. 5 HYESCRE 418 2 gt -

Fig. 3. PCR results of 120 hybrid seeds of No. 5 and their parental lines (9 and &) using EPMS-747 SSR marker.
F, individual #64 (indicated by arrow) shows the same product pattern as that of female parent represents a progeny
produced from selfing. M: 50 bp DNA Ladder from GeneMark.
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M @: Line1-10 J: Line11-18 Individual F, plant 1-18 M
150 bp
96 bp
84 bp
50 bp
M Individual F, plant 19-54 M

M Individual F, plant 91-120 M

4. DL SSR#E5E (BM59622) HE{TZEH No. 5 HYHESTE 1401 2 faHl -

Fig. 4. PCR results of 120 hybrid seeds of No. 5 and their parental lines (¢ and &) using BM59622 SSR marker. F,
individual #64 (indicated by arrow) shows the same product pattern as that of female parent represents a progeny pro-
duced from selfing. M: 50 bp DNA Ladder from GeneMark.

- (B) (C)

5. HMUFEACTE No. 5 BLEFRARHYINEMEIR (A) No. 5 BYEFEE 5 (B) No. 5 BYACHE 5 (C) IERERY No. 5 7 F, #k
(D) FHIHY No. 5 F, Ik (off-type F)) -

Fig. 5. Morphological comparisions of matured pepper from typical F, (C), off-type F, (D) hybrids of No. 5 and pa-
rental plants (A: female parent; B: male parent).

ACTEH) 3% 2F B PR A CAMS-340 BN AR &S SSR-PCR &R » No. 6 FMESCHE T 2 78 4l
R mHT 81 M4mHL 85 HYBPRELEEAHY SSR - &R 98.3% (R 4) - BIKBEREFEEMRZ
profile fH[E » FIRE A REAB TS » KetHEHE  GOT #EE4 R » B4R IE 81 FI4R 5% 85 1Y
FESCHE T 2 RS R 98.3% (B 7~ % 3) - BT HEIEE N F 8tk (9t 24) MR
# %% & AVRDC-PP83 ~ CAMS-340 A& [A £ 2 H (& 8) -
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M @: Line1-10 d:Line11-18  Individual F, plant 1-18 M
300 bp
55

Individual F, plant 19-54

Individual F, plant 55-90

M Individual F, plant 91-120 M

6. DL SSRfH5E (AVRDC-PP83) #E{TEEHH No. 6 HYFESCHE T4l 2 faHl -

Fig. 6. Assessment of seed purity in hybrid No. 6 and respective parental lines (? and &) using the SSR marker
of AVRDC-PP83. M: 50 bp DNA Ladder from GeneMark; F, plant numbers of 81 and 85 (arrow) represent selfed
plants.

M @:Line1-10 J: Line11-18 Individual F, plant 1-18

350 bp
300 bp
264 bp

Individual F, plant 19-54

1 11134
1 8118

Individual F, plant 55-90

1 1 11ES

Individual F, plant 91-120

1 1159
1 311K

7. L SSR fE5E (CAMS-340) HE{TZEHH No. 6 YRR T4/ 2 fail -

Fig. 7. Assessment of seed purity in hybrid No. 6 and respective parental lines (? and &) using the SSR marker of
CAMS-340. M: 50 bp DNA Ladder from GeneMark; F, plant number 81 and 85 (arrow) represents selfed plants.

FIF SSR 73 FHEEEHEST No. 7 HEACHE 7l R4S HI4s R - 815 2 (S AN EY)
JE 2Kl ¢ DL CAMS-340 JLREE#EST No. 7 % &&f 3 {Hl SSR F EX (264 ~ 276 £ 290 bp) »
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(C)
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65% H41

8. HRUHEAHE No. 6 BLHEIANTIMEIIEIR (A) No. 6 HIEFR 3 (B) No. 6 fYSCHE 5 (C) IEHERY No. 6 2 F, £

(D) ~ (E) FAIHJ No. 6 F, £ (off-type F))

Fig. 8. Morphological comparisions of matured pepper from typical F, (C), off-type F, (D and E) hybrids of No. 6

and parental plants (A: female parent; B: male parent).

H CAMS-340,44 bp) By No. 7 XL RHE
—MEFEUERER B > CAMS-340,4,, XA
B —MEEA AR R B o 0 No. 7 FEACHEEA &
CAMS-340 344, 276, 200 bp) 3 ERE (E9-%4-
120 [ No. 7 RS HEHY % ZF Hifk4E CAMS-340
BRI R4S 5 4R5E 77 HitkEY SSR-PCR &
VIR HE 75 W K3 - 4R 5% 49 ~ 68 ~ 81~ 96 »
119 % 5 {El k9 BLREAHY SSR profile AH[E
ARE R REAR EH AT A 5 fiK#E CAMS-340 B A
BEH) PCR AT EEM) &S R 5T E H AR AT T 40
&R 95.0% ([l 9~ %= 4) -

LLEPMS-712 FLRIFEH#ETT No. 7 FEACHE T
MEEARALER > BV R 2 (AF ARG 4 #
SSR A E% (151~ 157 ~ 166 % 175 bp) » H th
EPMS-712;5, v, 5 No. 7 SRS AR — 1
%fﬁi—%}:ﬁ £§ ’ EPMS'712(157 bp) 7%2§E@§~

PSR ELRH ES 0 1 No. 7 #EAcf&EHI] B EPMS-
712(151, 157, 166, 175 bp) 4 {H E& ( 10 ~ %% 4) =120
fifl No. 7 FEATTE 3 ZF H R &K EPMS-712 B A
PERGHISE SR - 4R5% 77 AV EIfREE SSR-PCR EY)
(B 10); 47 %E 49688196119 % 5 (@
i MR 25 B R ACHY SSR profile #H[E - FJAE Fy 1k
KEATFZ, » KT EHHE T4 B 95.0%
(/& 10 ~ 3= 4) - 424 CAMS-340 1 EPMS-712
FEREE 2 SSR-PCR 73 #1455 » No. 7 Fscfe+
ZIBBRAE R 95.0% (R 4) - HIEREEREE
MEARZ GOT kg E&EF » INEEHL4R TR 77 FI4R5%
119 /Y B AR HEE B IEF 1 F R (47 5% 80)
MARME S (B 11) -

=1=A
SE
I BRI R 4H 2n = 2x = 24 5 £
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M  Q:Line1-10 J: Line11-20 Individual F, plant 1-16 M

et L L L L L

M Individual F, plant 17-52 M

9. DL SSRHEE (CAMS-340) HE{THH No. 7 HYRERCE 74078 2 Al -

Fig. 9. Assessment of seed purity in hybrid No. 7 and respective parental lines (? and &) using the SSR marker of
CAMS-340. M: 50 bp DNA Ladder from GeneMark; F, plant number 49, 68, 81, 96 and 119 (arrow) represent the
selfed plants; F, plant number 77 (star) represent a mixture plant.

M  Q:Line1-10 J:Line11-20 Individual F, plant 1-16 M
200 bp

157 b
151 bp

Individual F, plant 17-52

Individual F, plant 53-88

M Individual F, plant 89—120 M

10. DL SSR 25E (EPMS-712) #EFTE L No. 7 HYFESIHE 140 Z fafl] -

Fig. 10. Assessment of seed purity in hybrid No. 7 and respective parental lines (Q and &) using the SSR marker
of EPMS-712. M: 50 bp DNA Ladder from GeneMark; F, plant number 49, 68, 81, 96, and 119 (arrow) represent the

selfed plants.
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11.

(D) ~ (E) 14 No. 7 F, #k (off-type F,) <

Fig. 11.

and parental plants (A: female parent; B: male parent).

20 A /N4 3.3 Gb (Moscone et al. 2007) »

2 F R 4H 7Y 2014 & 52 5% 7E & (Cheng et al.
2014) - H A $t ¥ 7 U E MR 5y 75 {8 28 5 e
FE o DLSSR st m Az 0 AN ERAEH
FHEIRY QTL (quantitative trait locus) [EE - {4
Pl InDel #ZzERT SSR fZzE 4L [E] 7 FE (Tan et al.
2015) = Ince et al. (2010) HI FI] F & HUAY AR ~

KRB EREGAE WLAR
F] %% 5 BL Y cDNA » £EH) genic-SSR &5 8
& MHBH A AR B — YRR A (tissue-specific
genes) DL dinucleotide # 1% ¥ & 1§ & & &
% > MEREHARA (housekeeping genes) HILA
trinucleotide B # £ FF #¢ % - Minamiyama et
al. (2007) X DL SSR-based [&] 5 #: 17 25 HHUE 5
(Phytophthora capsicum) ¥t~ QTL 47 #7 »

Y SSR fFE R HAHN 8 = M % A > i

;

N
A

i

|

65% H41

) ¢

FEHUEACHE No. 7 BLEGHAHIINBIIR (A) No. 7 fYEE § (B) No. 7 HYSCHE  (C) IERERY No. 7 Z F, #k

Morphological comparisions of matured pepper from typical F, (C), off-type F, (D and E) hybrids of No. 7

b HE O M E R PRI - H i & Ry B
e EEAERE A - KRR ERT
A TREN Y # HL SSR AR E -+ 788 U ] S fE A
H AR EEES|F 374 40 > HIEk 8 (@ F, i
TEAE 2 il (B 3 {8 F, fnfd 2 g BB R
AL » W16 BRI LS1T 12 41 - A2t
PR AT AL AR A A

it 40 TN 2 BUER PRAH Y SSR EL 4 A
G L=EBHRPYIEERHEE  HX
BB HBFPYIERE M=K HBREEER
(trinucleotide repeat motif) §1 X L GAA/AGA/
AAG (CTT/TTC/TCT) HIRFEE® = © &% H
fit &5 18 Z£ I (dinucleotide repeat motif) Hif DL
AG/GA (TC/CT) HELFEE S (Minamiyama
et al. 2006; Yi et al. 2006; Lu ef al. 2011; Ahn
et al. 2013) o B 2 HURE STl ol i 2
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IrHY 12 {# S s R SSR sk » H 3 @ —
ZHBERFH HEF B AG (TC/CT) > 553
EH = HiEEEFAIR AGA/GAA (CTT)
BRI A ST B MERL 2 SSR 4SRRI & -
U $1 ¥ SSR-PCR % BV FEVIHYFIGERE ST > DA
=M HBREEEFRHG L EREERLER
(compound perfect repeat motif) {25 HI 4% H B
EEREEAN R H BTy EEEFNEY)
AR HIEE - FTHIH] Agarose 2 PAGE RAGEE
KITE 0 REGITT MR E ZFIH -
MHEAFEEESENF Er o BFEER
Y F, 140 8 2 AR e (98%) Bl | o
IR T ARIFEAINF AT ITH > BEH
T~ B A AR S SRR FURFE T Sy - Ry IREL
RARELE  WHBEBE TG H
DL BT 2 A 3% S0 58 I A A2 IR AR E ME Y B
A AR R E M - BUEAS E P T
BURROS S B IRE - 0 st E 2 TR gl el
AL RAE AR ERE T H - ARG E
ANB#EMETIT R - E—D e E R
% 7 > GOT 2 ISTA % [2] P& e 1 4H &% B 2 57
HSERHNAERE )L HREEILIEREA
BAEREMIERE S ) ZEEMRE
THEE > PR AE I E P88 22 5 S HYIRTE > 43 AL
100-1,000 {5 52 el = Hli ik A o€ 1 o+ HEAT 3
R bR - R MR AR B off-type 3¢
ERVE R BLELR - W HS S HETE T 2 4 -
H il [ P4 il A 25 2 f P ~ RS (Y DNA 731
{2 3£ (RAPD - SSR ~ ISSR [ & SNP &) » 1]
P2 B A SR E B0 40 2 Aol 5 HoH SSR
DRSS HRER S - RE - HEEESIH
1BRE - PT AR ORI A2 (E R 12 wk > BN E
&t 1-3 mo Y GOT J5:\HEi&E A J1 >~ Mk
A m] F U G HoAg AR ek Al (5 B
S EMER D (5-20 mg) > fl&#
R 25 DNA Z£HUElg - Bl A[$2{# SSR-PCR
SR RIS S RE R 2 E AT 2
WA EESEELE FEFREH M -

]
AR T O AR 3 (103
BLER9.1L1-2-CS) SREHRDY - ECECH -
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Analysis of Seed Purity for the Bell Pepper
(Capsicum annuum) Hybrid Using SSR Markers

Jau-Yueh Wang"’, Da-Gin Lin’, and Feng-Chyi Lin’

Abstract

Wang, J. Y., D. G. Lin, and F. C. Lin. 2016. Analysis of seed purity for the bell pepper
(Capsicum annuum) hybrid using SSR markers. J. Taiwan Agric. Res. 65(4):406—419.

Identification of seed purity of F, hybrids is a critical factor of quality control in the production
of hybrid seeds. The grow out test (GOT) is based on the morphological characters of plants grown to
maturity. However, GOT may influence by the environment and is time consuming, there is necessary
to identify a rapid and reliable test like DNA based assay for this purpose. The objective of this study
was to generate specific and co-dominant SSR (simple sequence repeat) markers for discrimination
of parental lines and the subsequent assessment of seed purity in pepper hybrids. Genomic DNA from
two hybrids and their parental lines were screened with 374 SSR primer pairs and 12 informative
SSR markers were identified. Among the informative SSR markers, five key markers were selected
for seed purity test for No. 5, No. 6, and No. 7 hybrids. A total of 120 hybrid individuals from each
hybrid were tested using the identified markers, and results showed the seed purity rate for the three
hybrid seed lots were 99.2, 98.3 and 95.8%, respectively. The contamination of inbred seeds obtained
by SSR-PCR analysis was comparable to the GOT method. These results indicated that SSR markers
could be used as a rapid and efficient tool in testing the seed purity of the commercial pepper hybrid.

Key words: Capsicum annuum, Simple sequence repeat, Hybrid seed purity.
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