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Abstract

Pepper (Capsicum annuum L.) tender leaves were used as the research object in this present study.
Three pairs of dominant SCAR markers and a pair of co-dominant CAPS markers were applied to
detect sixteenth known sterility pepper materials for verifying the feasibility of these primers.
Then, the four pairs of primers were used to identify restorer genes in one hundred and twelve
unknown pepper materials. The result showed that SCAR and CAPS displayed completely consis-
tent in the sixteenth pepper materials, which were known contain or uncertain restorer gene
peppers. In the one hundred and twelve unknown restorer genes pepper resources, one hundred
and four materials were identical in the four pairs of primers detection results, including fifty-one
had dominant restorer genes, accounted for 49.04%, and twenty-two materials had homozygous
restoring genes. SCAR and CAPS molecular markers were combined and established a restorer
gene PCR detection method in this present study, which can be used in marker-assisted selection
restoring genes and alleles homozygous state.
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R

PABIB (Capsicum annuum L)% AR A4 8L, T 3% & A4 SCARFRE A 1%4 3£ & 4 CAPSHRIE X} 16
A3 BAITE BN AT ST M RT AT HEIAE, PRI X 4% 51 W% 11245 R A0 Pk & 5k B8] B R Ay bt skt
TREZEFEE. 4RRH: SCARFICAPSEL16M HBMBHWERTE—B, 11260 RMKTEF B
WRFELEFH 104 EHEAN S| RN E R TE—B, HPs1 RAREEREYNFRFR, §
t£49.04%, H2263 RHAEHKEER . A FTKSCARFICAPS 3 FAric &R @Y T 5REER
RFARIIPCRIGI 75, AIXTBRMUK R 2 F R HEAEFH A REHAT 5 FhridBIiFiE.

3 40
B, PREEE, SCAR, CAPS, 4rTHric
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1. 5|

B (Capsicum annuum L.)J& T A RHEAUR — FAEE IR 2 EATAREY), F-Biar, HARE
EANRE. B gEEREEFE, HRE RS EHBENA I, RINEaN, RIZEREEE.
1952 4F Martin 253 AR T BRAGH T A vE AR B (CMS) L%, )5 Peterson Z57E 1958 4F & CMS Bl
BERE 2 1A FRAKE I RE 42 HI[1] [2]. PR B MR RS, R TTREIEAE & .
TRFF R R = RACE ) 46 44 APl AT B U R o A2 7 A2 EA IR A in) 8, B OR T 28 P72k,
BEAR 7 R RS (3]0 I AN 22 90 AEAR LUK, Bl CMS = RiL & CLg) 72 B T Bk e fh— R A2 72,
HEUF T BT AT G [4] ARG RIBRE PR ZARE 2 S H A 0 Mk AW R 5 BA I A,
B #dc %, HAERTFES), (FAE—EH HI.

DNA 73 10 5 B 97 326 388 i ) 1 52 2 R 5 e Bt ) A e EA TR I, R RO AR B2 2 19 9 a3
& AR /N5 [5] R E A A i) SCAR FRiC 514 CRF-SCAR i 359 443 A i1 & 14 F BMGEE A7 Pk 8 PRI i %
CRF-SCAR 5 Rf JE R i AL 05254 5.3 cM, SR EIRA 35 M AHRHE I E L REE 7 4717, Lk 9.75%.
Wt (6] R F 175 %3450 43 A 1 B (44 11 SSR 51405 B & & 113A. K £ 139 [ H F2 /AR
PREAT IR IE, I AF208834 5| PN Rf BERESL, BEIEES N 20.8 cM, H H A CRF-SCAR #ricx 36
WIS RZAPRLEAT 2 T AR LS BIE R IRAE, S5 RR W, 30 MK E RE R T4, 1IEHIHR N 83.33%, I
108 1 AR HVE PERRE R, AL E] 41 4545 VKT BRI IR o Sl i 45O 4 i o A & 2 R 2 R AN 7] [8],
BPZe R i & 5L R orf507 FIMRFER Parp6-2. HoiiiiE, Jo ZE[9]FIH DNA 43 bric BN e fE A A 15
BT RE BRI EAE 821 Kb X [H], ¥ #iE —A> PPR £:[X| CaPPR6 Jy . 3= Emik £ K, JFHIAA
CaPPR6 5k & F: A orf507 AR Warp6-2 BIAFAER R AL HAE K R .

AHH TR F CaPPR6 ikt 2 [K € A7 (1B Fe 45 SR, 1B B R Jk DRI AL 5 B A B E B9 23 1) 3 % SCAR
19, K112 4 A KT L DR 5 R A BRSO R AT R S R M e, R 1 X CAPS AR 51 WSk A 1k
SRS S A G B, v AR MK R IE R, N E PR BRI R RIRESR A T R EIR R

Fo
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2. 5 HZE
2.1. B

BT 128 4y B REd s T AR RS BR SR 2k TP R = AR A, o R E e R 16 67
BWE 6y CMS ANHAMEL. 8 M IRFFARMEIA 2 iR E R AEE HoAx 112 BTN AR KR HE IR
A AR H (] g 5 Je e 253 R LR 1

Table 1. Selected pepper materials and horticulture type

F 1 WA R EZE LR

KEgms  MEGS O MEERE SRS MRS MEEEE SiignS MRS MRS

1 C100 ESyEp 39 C158 - 76 C206 AR
2 C103 i 40 C160 AR 77 C207 Epp it
3 c111 AL 41 C161 AR 78 C210 12224
4 Cc112 LB 42 C162 FE A 79 C210-1 W2 22 4
5 C115 2R 43 C163 E A 80 C214 EHHRL
6 C116 2R 44 C164 A 81 C216 HRM
7 C117 L 45 C165 AR 82 c217 LIPN
8 C118 2R 46 C166 JAR 83 c218 2R
9 C119 2R 47 C167 LR 84 C219 A
10 C120 270 48 C168 A FL 85 €220 Epr it
11 c121 AL 49 C170 W24 11 86 c221 AL
12 Cc122 ES L 50 ci71 JUR 87 C212 2R
13 c123 AL 51 C172 2 F L 88 c213 EHHRL
14 C124 AL 52 C174 2 AL 89 C222 AL
15 C125 FE 53 C175 JHL 90 C223 2L
16 c217 LIPN 54 C176 JHR 91 C16 HH
17 C130 E 55 cir7 JUHL 92 C69 R
18 c131 FE 56 c178 JHL 93 Cc71 2L
19 C132 ES el 57 C179 JB 94 C73 E=Y
20 C133 ES el 58 C180 A 95 C84 - FH L
21 C134 E S iep o 59 C182 JB 96 C93 E=Y
22 C135 E 60 C183 L 97 C94 Eep 1
23 C138 JEAR 61 C185 A FR 98 C95 AL
24 C139 H 62 C186 - FR 99 C96 2R
25 C140 ESyEp 63 C187 - 100 co7 AR
26 c141 AL 64 c188 2 F L 101 C212-2 2 L
27 C142 A 65 C189 2B 102 C244 2= FR
28 C143 A 66 C192 2 F R 103 C414 2 F L
29 C144 AL 67 C193 2 F L 104 CKH - FH L
30 C145 A 68 C195 L5 105 C114 AR
31 C146 FE 69 C196 ESpcp 5 106 C173 HH
32 C147 ESSEp 70 C197 ESpc] 5 107 C190 R
33 C148 ESyiEp 71 C198 EScp 5 108 C191 R
34 C151 JELB 72 C202 E A 109 C194 2
35 C153 AL 73 C203 AR 110 €208 HAR
36 C155 AL 74 C204 2 F L 111 C209 TR
37 C156 JELB 75 C205 E A 112 c211 W2 22 B
38 C157 = F
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4 PRI 5| P AT RS L S G A Fl A R PCR mix R T R E MR A R A R, DNA
GO TAb s RIR A, Bgl 1 FREIPEAN DIEEIE T b 5 NEB AH] . FZAUEA PCR 1 (Bio-RAD A w])
B AR RS (R A F])

22. MW

IR S A, SR CTAB JE42HU DNA, 4 XHEI 59015 B W% 2. SeFIH 4 5519054 16 432
T B DR BRSO AT PCR A, B EAT @ 5 HA — 8, )5 PR IX 4 X 519005 112 iy ARk
IR A ELEAT PCR %58 .

SCAR H1 CAPS 5|#1¥) PCR 4 $8A R4 —K H 12 pL RMAA R, B35 6 uL 2 x PCR mix (& Taq .
dNTP AR 1 G4i)~ 2.5 uM IE [ 5101 181 5140 % 1.5 puL, 1 L DNA V(B 50 ng/uL) A 2 uL ddH,0.
PCR ¥ H4F2 /5 : 94°C AL E 5 min (43); 94°C, 30 sec (7)), 60°C, 60 sec, 72°CZEf# 50 sec, 30 MiEIF;
72°CHEMH 5 min; 12°C, hold (&1L M),

CAPS 5% PCR ¥ 5, [f] 12 pL PCR M RN 2 x Cutsmart buffer (NEB, USA) 2 uL, Bgl Il
PRIV N DI 0.2 pL(5 U), ddH20 #h 78 % 20 pL B ) I SiAR 2R o B SR A 37°CHiF A 6 h Bl i ) (o
KAL) o 73 A PCR S W AA 2 AR D) S B4R 5 R 6 wL 38 7= T Lo%EAIRHE Bdk, A JaidbAT 4
ANEE IR A% RN 1 B %

3. HERENH
3.1. SCAR 1 CAPS 3|41iE Fi 418

OF KW RGE[5] [9] [10]190 5 CRF-SCAR. 3336-last2-SCAR. 120K-end-SCAR Jy & Hbric, 7EMK
B EZMELFR 57 B3 H 890 bp. 1639 bp 1 1026 bp 47 5# 7 ; ColMod1-CAPS 3L B PEFRid[10], TEBE
OR8G5 BO DY 1177 bp, RS R R HG r Be Bol 1 BRI N DI D) J5 AT A 601 bp A
576 bp W5k Bt. MR 2016 4 Jo S5 [10] R st AL 8 P i A1 B RS 45 R, Rf ZERE AT —A4> 821 kb 1)
[X 6], H: 71 3336-last2-SCAR. 120K-end-SCAR Al ColMod1-CAPS 5 Rf fig: 5 K] () 4 FE 25 23 1) 4 246 Kb
32 kb 1 2 kb,

¥ SCAR 1 CAPS 51¥%t AT L 16 3 BbUM BHEEAT 51 03E FH IR UE (1] 1), S5 REMIEARE &R
(CMS line) F1{#HF £ (Maintainer line)s" CRF-SCAR. 3336-last2-SCAR. 120K-end-SCAR ¥k E R 4557+
YRS, AR & (Restores line) 35 &G 1k 5 & K5 7 4 2417 : ColMod1-CAPS 5| ¥4 PCR #3471 Bgl 11
B 1 N DI BB D 7R R R P a] PR AR RBF SR AT B UIIX 4 X B TE S 2 S A KR SRR
BRI RE o LA 5 1 — Bk

Table 2. Information of SCAR and CAPS primers
% 2. SCAR 5|4)%1 CAPS 5|#)(E 2

ElEZE R I 1(5°-3%) Z25 30k

F: CATCGAACTGATACGGAAGGAC
3336-last2-SCAR R: TAACACTACTTGGGGAAAGCG ]

F: TAAAAAAATAGCGGGGGGTAAG 9]
R: CCACTTGTCTTGAAGCACTC
F. CCACCCCAAACGTAAGGGATC

Co1Mod1-CAPS R: CAACTTAGCCAATACAATCCCAC 9]

F: GTACACACCACTCGTCGCTCCT
CRF-SCAR R: TTCTTGGGTCCCTTTCTTCCAA (10]

120K-end-SCAR




KR 5

3.2. SCAR 1 CAPS fricHliBh ifik sk & 2 H 8

FREEREIR, X 4 XS EC A MR B R R R TR — k. B, RIS )
112 3 A FK 55 R DR BRI F K 5 22 97 1% - CRF-SCAR K&l 45 5 271, 55 1 AR L& 1 55 L R,
DL 2; 3336-last2-SCAR il 45 SR iR, 56 1 B RS A IR E HE A, W] 3; 120K-end-SCAR il 45
IR, 58 WA RS KRR, WIE 4; ColModl-CAPS 5144 PCR ¥ 141 Bgl 11 B il 14 Py 1) it
B 15 o, 57 B R S A IR B, Hod ol 22 Al G IR E R RO, A4 R, DL 5

¥ LA L PCR Rl &5 SREAT 85 5 0 Hr (W3¢ 3), 4 XF gl ka4 i, £ 104 W}Mﬂlﬂﬂﬁkuﬂr
WA ZE R — 5, b 92.86%, UH 8 MM EHIIAE RA—F, NI 7.14%. 8 MR B4R AU
MRS 2> %) C132. C174. C179. C180. C210. C210-1. C220 #11 C414, Hh C132 1 C174 U7
120K-end-SCAR #ric i i LA —F; C179. C180. C210. C210-1 1 C414 7£ CRF-SCAR #ric i Hi A
—%{; C85 £ ColMod1-CAPS bric  HIEA — 8. A [RIbRic < A B 25 SR 1) 22 57 vl e 2 B T AN A 1 b id
5 Rf BB AL SR RIS FE RERSREKY, PH =X 2M SCAR Fricfl—xf 3L M CAPS frid
R g RA BA R S i) — Sk, AT, BRI SEER AR, IF BRRIX WK B R 1) 2% &
BRI B A T2 B SE A

CMS line Maintainer line Restores line M

CRF-SCAR

3336-last2-SCAR

120K-end-SCAR

Co1Mod1-CAPS

#: CMS line REFHMAH RZMEL, Maintainer line fEBHMIRIE R 8L, Restores line AR FMIKE £A4%L; M J9 DL2000 maker

Figure 1. The result of SCAR and CAPS molecular marker detection
1. SCAR # CAPS 43 FHRICHIMEE R

6 7 8 9 101112 M 13 14 15 16 17 18 19 20 21 22 23

24 25 26 27 28 29 30 31 32 33 34 35 36 M 37 38 39 40 41 42 43 44 45 46 47 48

49 50 51 52 53 54 55 56 57 58 59 60 ‘J 61 62 63 64 65 66 67 68 69 70 71

73 74 75 76 77 78 79 80 81 82 83 84 M 85 86 87 88 89 90 91 92 CK

93 94 95 96 97 98 99 100 101 102 103 104 M 105 106 107 108 109 110 111 112

VE: 1-112 ASEE4RS, M N DL2000 marker.

Figure 2. CRF-SCAR primer detection result

[E] 2. CRF-SCAR 3|4#&M£5 58



KR 5

1 23 4 5 6 7 8 9 1011 12 M 13 14 15 16 1718 19 20 21 22 23 24

25 26 27 28 29 3031 32 33 3435 36 M 37 38 39 40 41 42 43 44 45 46 47 48

49 50 51 52 53 54 5556 5758 59 60 M 61 62 63 64 65 66 67 68 69 70 71 72

73 7475 76 77 78 79 80 8182 83 84 M 85 86 8788 89 90 91 92 CK

93 94 95 96 97 98 99 100 101 102 103 104 M 105 106 107 108 109 110 111 112
—
[

VE: 1-112 ASEE4RS, M N DL2000 marker.

Figure 3. 3336-last2-SCAR primer detection result
[ 3. 3336-last2-SCAR 3 |41#& 4% R

i 2 3 4 5 6 7 8 9 10 1112 M 1314 1516 1718 19 2021 22 23 24

49 50 51 52 53 54 55 56 57 58 59 60 M 61 62 63 64 65 66 67 68 69 70 71 72

73 74 75 76 77 78 79 80 81 8283 84 M 8586 87 88 89 00 91 92 (K

93 94 95 96 97 98 99 100 101 102 103 104 M 105 106 107 108 109 110 111 112
oy o e . ™ e s

VE: 1-112 NS4S, M A DL2000 marker .

Figure 4. 120K-end-SCAR primer detection result
[ 4. 120K-end-SCAR 3 |414& 4% 5

10 11 12 M 13 14 15 16 17 18 19 20 21 22 23 24

25 26 27 28 29 30 31 32 33 34 35 36 M 37 38 39 40 41 42 43 44 45 46 47 48

P e W e Y e e S N SR gy e S o e e
- e - - —

74 75 76 77 78 79 80 81 83 84 M 85 86 87 88 89 90 91

93 94 95 96 97 98 99 100 101 102 103 104 M 105 106 107 108 109 110 111 112

nanwuunwwwwﬂgﬂ"“‘““

VE: 1-112 ASEE4mS, M N DL2000 marker.

Figure 5. ColMod1-CAPS primer detection result
[& 5. Co1Mod1-CAPS 3|41 MI4E R
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Table 3. The test results of four molecular marker
%< 3. 4 X FHRig 5|4t E R

LI A B c D S A B c D DS e A B C D
1 r r r rr 39 r r r rr 76 R R R Rr
2 r r r rr 40 r r r rr 77 R R R RR
3 r r r rr 41 r r r rr 78 R r r rr
4 r r r rr 42 r r r rr 79 R r r r
5 r r r rr 43 r r r rr 80 r r r rr
6 r r r rr 44 R R R Rr 81 R R R RR
7 R R R RR 45 r r r rr 82 R R R Rr
8 R R R Rr 46 R R R Rr 83 R R R Rr
9 R R R Rr 47 r r r rr 84 R R R Rr

10 R R R RR 48 r r r rr 85 r r r Rr
11 R R R RR 49 r r r rr 86 R R R RR
12 R R R RR 50 r r r rr 87 r r r r

13 R R R RR 51 R R R Rr 88 r r r rr

14 R R R RR 52 R R r Rr 89 R R R Rr
15 R R R RR 53 R R R Rr 90 R R R RR
16 R R R RR 54 r r r rr 91 r r r rr

17 r r r rr 55 R R R Rr 92 R R R RR
18 r r r rr 56 R R R Rr 93 r r r rr

19 R R r Rr 57 r R R Rr 94 r r r rr

20 R R R Rr 58 r R R Rr 95 r r r rr

21 r r r rr 59 R R R Rr 96 r r r rr

22 r r r rr 60 R R R Rr 97 r r r rr

23 R R R RR 61 R R R Rr 98 r r r rr

24 R R R Rr 62 R R R Rr 99 r r r rr

25 R R R RR 63 r r r rr 100 r r r rr

26 R R R RR 64 r r r rr 101 r r r rr

27 R R R RR 65 r r r rm 102 R R R Rr
28 r r r rr 66 r r r rr 103 r R R Rr
29 R R R RR 67 R R R Rr 104 r r r rr

30 R R R RR 68 R R R Rr 105 R R R Rr
31 R R R Rr 69 r r r r 106 R R R Rr
32 r r r r 70 r r r r 107 r r r rr

33 r r r r 71 r r r rr 108 r r r rr

34 R R R RR 72 r r r m 109 R R R Rr
35 r r r rr 73 R R R RR 110 R R R Rr
36 r r r rr 74 r r r rr 111 R R R Rr
37 r r r m 75 R R R RR 112 R R R Rr
38 r r r rr

VE: RSN RIJERYES ; r N rf 2N 455 . ALB. C fll D X N4 5 4 7l )y CRF-SCAR. 3336-last2-SCAR . 120K-end-SCAR 1 Co1Mod1-CAPS

514
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Table 4. Four molecular markers detection result in the 104 pepper materials
R 4. A D TFRICE 104 BRI PHEELER

Il 22 20 LRIBSE YRS B R B L ColMod1-CAPS il £ 5t
RIRf Rfrf

EAI 46 21 (20.19%) 16 5
J 19 14 (13.46%) 3 1
2 12 7 (6.73%) 2 5

- F 18 5 (4.81%) 0 5

LEPR e 3 3 (2.88%) 2 1

Lo 2 1 (0.96%) 0 1

L 4 0 (0%) 0 0
R 104 51 (49.04%) 22 29

3.3. MEEESHMEZE MR XK

LA 2 FNEE 3 MU 2 2 R A R S TR G 45 51, 4 S 51 R I 45 B — B0 104 4y AR Rl e
A 51 i E A KE IR, HEE 49.04%. ColMod1-CAPS Kill4h S8, 22 43 A4l &K 52 3k PR SR Bl o
F AR MR AR 2 AR R SRR BB 22 ABURH R RO 1 52 2 DR RO A L T o 508 R LU 81 43 31 9 21 (20.19%)
14 (13.46%). 7 (6.73%)~ 5 (4.81%). 3 (2.88%). 1 (0.96%)F1 0 (0%) (£ 4). it WPk 2 3 [R5 46 SR (K= A
WORVIN R TR A om0 A o Jal AR BA[5] [11], /NRASEMUSC AR IR, ASE K 5L R 7EAE T
JRAG IR R i 2, AT R ST NS R A — 8. (HEE BRI S MR R AN TIRE, A
BIRERER BT 2R ST K&

4. ¥1ig

CMS HEMEATKE RIFERHM “ =R BEMKEIAT, FHKERTHERKEAE R TREME,
T AT N0, W 7 HIFFE Y . BAS T AN IR, T BT DR 2 g, B SR
. AHFARBG] [11], EHW=RIEFTHAE RREEEFEE, MIRERBHEASTELD, HAZRAE
S RIEZHOE N RTEHRL. Rk, 5% H K S 1R RATHH CMS “ =R 7 BLE KR HE™
HAEEE L,

AWFTiEIE DNA 7 FhRic B & RF RS Ik R RS Al e 45 5%, R =%t SCAR #rid fil—X} CAPS
PRIt CRTE TER) 12 B Rl T 51 5@ PRI, JEX 112 9 B RLEAT IR L R ik . 3 %
SCAR S PEFR LTI H 547 RS R BN K}, B 3L B PR R CAPS AR sk I b S 47 JE R B 4l
SERTIRIX 4 X5 5| WIAE CATE T BN B ARSI — 3, SRR 4 XRid 51 0fk T 104 i — 3K
PRI R, He T VR A2 5 BR S B AR BRARUR R 51 4y, 22 I S B Al A AL AR R SR . RS R B B A
TR 2E AN R MRR, BEE BRI IE SR e AN TIEE, AEWREREFHBILT 2k
L ZITE RPN} =5

SEAIX 4 XA R R S BN 4 T hR e, T R b X T A I DRI A R AT G
P TIE RITER RS, wR IR IR R, WA E R EE B RN TR, SFE R r B R B
RS E .
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