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Abstract: Cucumber mosaic virus (CMV) is the most serious virus threatening the production of pepper in China.
Innovation of pepper germplasm resources and breeding varieties with resistance to CMV is the most effective method to pre-
vent CMV. Using the resistant material PBC688 as female parent and the susceptible sweet pepper G29 as male parent, F

inbred lines were obtained through successive inbreeding in this study. Totally 109 F inbred lines were identified by three

InDel markers tightly linking to ¢Cmr2. I. The pepper
0 B #3:2021-06-07 germplasms with resistance to CMV were chosen by
BB {5 ARF2 AT EIH (32072597) ; T34 Al &
K AR B (P2CZ201714) 5 B Z AR 2 5
ARIER L TG 4T H (CARS-25) ; 1 & & AWK
R« BERBREYE M EELT(2017YFD0101900)
TEERA 257 (1986-) .4 AR H4 BIRFE 51, 500 carrying homozygous resistant fragment, 65 lines carrying
FXH7 ] R G & FR S FAE W%, (E-mail) ggj-198 homozygous susceptible fragment, and 16 lines carrying

@ 163.com heterozygous fragments. The heterozygous rate was 14.7%.

combining with the artificial inoculation identification and
the investigation of agronomic traits. The results of molecu-

lar marker identification showed that there were 28 lines

BIRAEE : 3R, (E-mail) wangsbpep@ 163.com The investigation results of agronomic traits indicated that
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most inbred lines carrying gCmr2.1 gene had smaller fruits, higher node position of the first flower, and significantly later

flowering and ripening than susceptible material G29. A breeding material H-223 with high resistance to CMV and excel-

lent agronomic characters was screened. The results of artificial inoculation identification indicated that 21 disease-resistant

materials with homozygous genotypes showed high resistance or resistance to CMV. The 13 lines with homozygous suscepti-

ble fragment were susceptible to CMV and one line was middle resistance to CMV. The resistance to CMV of nine lines with

heterozygous genotypes was separated proportionally. Among the three inbred lines with recombinant molecular markers, Hg-

223 showed high resistance and the other two showed moderate resistance. In general, we established InDel molecular mark-

er assisted selection system for pepper resistance to CMV, and innovated one germplasm H(-223 with resistance gene ¢C-

mr2.1 and excellent agronomic traits, which could be applied in breeding for resistance to CMV in pepper.
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1.1 RBEw A

BEAR B R =T CMV 1 C.frutencens cv.PBC68S,
SCARRPE AR CMV EIBURE R G29, 2013 45 i i)
SCRIARAIZ AT F AR (18 1) 1822 A 32 5 4K,
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G29 PBC688

a:PBC688 . G29 Hikk;h: PBC68S . G29 il F ARIHL,
Bl1 BSHRERIEMES(CMV)FHEREARKZRH PBC6SS (C.
frutencens cv.PBC688) 15 B CMV #/& C.annuum cv. G29
Fig.1 Germplasm of C. frutencens cv.PBC688 and C.annuum
cv. G29

2020 4 6 H kA5 100 A F AR AR MR, BAN A
ERIEIL 2 BRACFE 14> ABC R AE B, BRbk i b
YR FAR, T CMV SURI A T HERSE
1.2 REFHE

2020 4F 2-7 A TETLIE RO B BE S 6 3
Bl T F AR R AT A 20 R I A R0 ER ol 54—
6 H AL AN B2 Be i S 58 i 2 50 =X Fo it
BRAR VAT FhRic A ; 8 — 10 H 76 5256 % 3 4
F, AUk R TH CMV SR BN TR E
1.2.1 DNA # B JEPIZH DAN 42 50fd H DNA 42
BUA & (Cat#DP3112, Jb 50 B #8578 A P R FR
ST 4 BRUGEE  BRE A HE R DNA, i
1% N8 BE 5 BE A1 Nano Drop One ( Thermo Scientif-
ic) Kl DNA (%) 50 5 157 £ Vi B, %% DNA 119 Jit &
W N 40 ng/pl,
1.2.2  InDel 2FAFITHi B 55 i3 CMV & B ¢Cmr2.1

FTH0 CMV LR B i i) 3 XF InDel 43F-Frid

(9519145 51K InDel-2-134-F (5'-TGCTTCAGTTGAGT-
TGTCCA-3') +InDel-2-134-R ( 5'-TAAATCCCCTTGTG-
GTGGCT-3') ., InDel-2-140-F ( 5'-GGTTGGTTAGCAT-
GGGTGTG-3") + InDel-2-140-R ( 5'-CGAAACCGAAC-
CGTTAAAGAC-3') .InDel-2-151-F (5'-ACCCACGACT-
TAAACTCAAAACT-3') + InDel-2-151-R ( 5'-TCAA-
GAGAGAAATAGTGATGCCA-3') ,

PCR 4" 34 . I HIAR 24 20. 0 il , £45 2. 0 wl DNA
B 10.0 pl 2XTSINGKE® Master Mix 45 0.4 pl I
FFS 1Y), #4658 ddH,0 2 EAAFR 20.0 wl, PCR ¥
HOFRT .94 CHASHE 3 min;94 CASME 20 5,55 CiB k.
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XTI 5 CMV (REA G29 B X IR . &S T,
MR RN THERN 25 k5 BREEFIZRIROK |5 BRI 25
FIERAA, 15 B4R CMV (R YL 7ofE

2 RS0

2.1 InDel 5 FHricHBITHEST CMV EE ¢Cmr2.1

AWFFEHI 3 N5 CMV 1 ¢Cru2.1 'S5 3%
B InDel 43 FHRICAT 109 4~ F AR E 38 R THiiE 3L
K. InDel-2-134 #1 TnDel-2-151 jﬁ{ﬂﬂﬁﬁj\%ﬁﬁﬂa,
InDel-2-740 241 [E] 73 FFRic, InDel-2- 140 543 [H
RN %, B 2 ATLUE Y, InDel-2-134 FE55 47
FRAAYY 1 4571 A 230 bp, St CMV #1KF PBC68S
— AR R R Y 55 R 211 bp, 51 CMV 4
L G29 —B AR R R Y A AR, In-
Del-2- 140 1EFRT R R I 1445774 168 bp, 55 PBC68S
—HGTERR TR R Y G 4570 5 G29 —3K, M 178 bp;
TERIRR R 2581, InDel-2-151 7E4i CMV ¥k h
FRI 1 2547 R 100 bp , 7EIE CMV Rk Z B4 18 25 0
107 bp ; FEFBIMR R BRI R ALE . B ZE T £,
FE109 AR, 28 AL R P 5k 5=t
CMV #18L PBC688 584x—5;65 4~ FI 38 R P 4 457
5 CMV #HE} G29 584 —3K;16 AR BRI ARG
A, 7E 16 DA AR i El R 1 3 2 R
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Fig.2 PCR amplification of three InDel molecular markers in some lines of F; population
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Table 1 Molecular marker combination and fruit traits of Fy inbred lines

SFARCA S PSRN
A InDel-2-134 InDel-2-140 InDel-2-152  RJ& MREE  REAR Rume W L%ﬁ
(g) (em) (em) (mm) (™)
B PBC688 0 0 0 18 1.02+0.14  1.20+0.32  1.1320.05 1.30+0.02 2.34+0.52
A G29 1 1 1 KITHIL 41.53£4.87  6.93+0.76  4.60£0.41 2.67+0.26 3.67+0.52
1 H-224 0 0 0 IR E 0.63+0.14  1.2320.14  1.07£0.10  1.10£0.01 2.00+0
2 Hg-35 0 0 0 W IEE 0.93+0.37  1.40£0.09 1.23%0.05 1.03+0.05 2.00+0
3 H,-219 0 0 0 T 51 T 1.57+0.14  1.93£0.23  1.40%0 1.270.21 2.67+0.52
4 Hg-222 0 0 0 FAE 1.67+¢0.05 1.97+0.31 1.33+0.14  1.00£0.09 2.67+0.52
5 H,-180 0 0 0 FHIE 2.27+0.21  2.54+0.25 1.45+0.14 1.21+0.09 2.67+0.52
6 Hg-232 0 0 0 Ffk 2.37+0.05 2.51£0.24  1.46£0.12  1.2120.04 2.67+0.52
7 H,-104 0 0 0 JEARIY 3.52+0.11 4.13£0.02  1.12+£0.20 1.22+0.03 2.00+0
8 He-7 0 0 0 T 5T 4.23+0.75  2.10£0.09 1.20+0.09 1.00+0.36 2.00+0
9 Hg.226 0 0 0 SEHETE 4.33£0.10  3.00£0.15 2.07+0.05 1.47+0.23 3.33+0.52
10 H,-88 0 0 0 SR 4.61£0.12  4.10£0.12  2.03x0.15  1.30+0.03 3.00+0
11 H,-44 0 0 0 SR 470£0.47 2.87+0.27 2.27£0.19 1.670.10 3.67+0.52
12 Hg-101 0 0 0 SRR 473137  2.1020.39  2.30£0.24  1.400.09 4.00+0
13 H-228 0 0 0 FEAEIE 4.83+0.49 2.70x0.32 2.17£0.19 1.300.18 3.33£0.52
14 He-185 0 0 0 P 5.12+0.11 2.65£0.24 1.56+0.12 1.1420.09 2.67+0.52
15 Hg-216 0 0 0 AR 5232021 3.21x0.15 2.36+0.11 2.3420.02 3.00+0
16 He-178 0 0 0 FHIY 6.09+0.23 5.23x0.27 2.21£0.14 1.5720.04 3.00+0
17 H-239 0 0 0 FFE 6.32+0.21  5.42£0.23  2.11£0.12  1.65£0.21 2.00+0
18 Hg-225 0 0 0 FHEIE 7.33+1.80 3.53+0.46 2.73x0.58 1.13+0.05 2.67+0.52
19 H,-240 0 0 0 FHIL 7.47+0.42  5.50+0.27 2.33+0.21  1.70+0.31 2.00+0
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SrFhRcAE SR
L InDel-2-134 InDel-2-140 TnDel-2-152  $IE RRER ORI R W L%ﬁ
(g) (em) (em) (mm) (™)
20 He-111 0 0 0 FH 7.67£1.23  2.53+0.19 2.83x0.10 1.50+0.10 2.330.52
21 H¢-9 0 0 0 SR 8.23+0.75 3.10£0.09 2.80+0.09 1.80+0.36 3.33+0.52
22 Hq-217 0 0 0 FIHEIE 9.13+0.81 4.10+0.15 2.70+0.15 2.03x0.14 3.33+0.52
23 He-166 0 0 0 FME 10.21£1.21  6.08+0.15 2.25+0.04 2.21+0.49 2.33£0.52
24 He-148 0 0 0 FfAIE 10.80+1.65  6.25+0.21  2.82+0.02  2.15+0.34 2.330.52
25 H,-11 0 0 0 FHEIE 11.37+1.82  3.90+0.32 3.10£0.18 1.83+0.05 3.33+0.52
26 H,-134 0 0 0 FEMIE 12.80£1.79  6.37+0.10  2.73+0.05 2.13+0.49 2.33+0.52
27 H,-220 0 0 0 KITHIE  15.9320.51  4.97+0.49 3.07+0.21  1.53+0.05 4.00+0
28 H,-243 0 0 0 KITHIE 19.83£1.98  6.10+0.41  3.33x0.14  1.90+0.09 4.00+0
29 H-25 1 1 1 [ kT 1.03£0.37  1.22£0.09  1.19£0.05 1.05+0.05 2.00+0
30 He-177 1 1 1 KAT#E  1.00£0.24  1.60£0.32  1.03+0.05  1.20+0.02 2.330.52
31 H-29 1 1 1 eI 1.26+0.25 1.35£0.07 0.96+0.04 0.91%0.03 2.00+0
32 Hy-163 1 1 1 KATEE  1.47+0.23  2.77+0.19  1.30£0.24  1.07+0.14 2.00+0
33 He-213 1 1 1 Ff 1.70£0.15  1.97+0.31 1.3320.14  1.00£0.09 2.67+0.52
34 H,-20 1 1 1 Ff 1.83£0.29 2.27+0.14 1.30£0.09 1.23+0.05 3.00+0
35 H,-167 1 1 1 Ff 1.87£0.27 2.60+0.50 1.40%0.15 1.30£0.09 2.33+0.52
36 H,-63 1 1 1 FAf 1.90£0.27 3.47+0.14 1.17£0.14 1.30£0.15 2.00+0
37 Hq-144 1 1 1 KITEE  2.00£0.50 2.57+0.42 1.70+0.15 1.23+0.05 2.67+0.52
38 H,-168 1 1 1 KITHIE  2.13£0.24  2.12+0.32  1.53x0.05 1.21£0.02 3.33£0.52
39 He-61 1 1 1 FMIY 2.31£0.31  4.30+0.54 1.33+0.05 1.10£0.09 2.330.52
40 H,-80 1 1 1 KITRE  2.37+0.58  1.80£0.09 1.80+£0.09 1.30+0.15 3.00+0
41 H,-89 1 1 1 EiiblZ 2.50£0.39 2.87+0.36 1.50+0.09 1.33+0.19 2.00+0
42 H,-83 1 1 1 KT 3.1020.41  3.03£0.05 1.90£0.24 1.40+0 3.67+0.52
43 H,-120 1 1 1 FARIE 3.15+0.23  4.14x0.04 1.22+0.11 1.25+0.03 2.00+0
44 H,-123 1 1 1 KATSEIE  3.33+0.63  2.40+0.18  1.77+0.14  1.20+0 4.00£0
45 H,-84 1 1 1 rAIE 3.56+0.21  4.23+0.04 1.02+0.11 1.20+0.03 2.00+0
46 H,-161 1 1 1 W% 3.67+0.81 2.40+0.09 2.00+0.18 1.37+0.05 3.33+0.52
47 H,-139 1 1 1 B Bk 3.83+0.49  2.17£0.26  2.03+0.19  1.50+0.01 2.00+0
48 He-126 1 1 1 JEAEIE 3.90+0.47 3.07£0.05 1.90+0.09 1.63+0.29 3.00+0
49 Hg-41 1 1 1 SR 4.33+0.45 2.72+0.27 2.27+0.21 1.77%0.14 3.33+0.52
50 H,-66 1 1 1 TR 4.37+0.55  2.80£0.09 2.68+0.08 1.40+0.21 3.00+0
51 He-42 1 1 1 KITHIE  5.03£0.05 2.73+0.27 2.27+0.21 1.77+0.14 3.33£0.52
52 H,-82 1 1 1 KITHE  5.10£0.50  4.53+0.05 2.13£0.22  1.60+0.05 4.00+0
53 H-95 1 1 1 KITHIE  5.63x3.23  4.43+0.27 2.900.15 1.23+0.23 3.33£0.52
54 Hg-215 1 1 1 Ff 5.70£0.18  4.93+0.14 1.83x0.05 1.20+0 3.33£0.52
55 He-109 1 1 1 KT 5.77+0.36  3.20+0.15 2.50+0.09 1.57+0.05 3.00+0
56 Hg-124 1 1 1 KITHIE  6.13£0.10  4.43+0.29 2.07+0.10  1.33+0.14 3.00+0
57 He-31 1 1 1 KITHIE  6.57+1.22  4.60+0.63  2.10+0.09  1.40+0.05 2.00+0
58 H-164 1 1 1 KITHIE  6.65£0.52  3.26+0.25 2.12+0.23  1.75+0.11 3.33£0.52
59 He-141 1 1 1 KITHIE  6.97+1.60 3.50+0.27 2.23+0.26 1.70+0.15 3.33£0.52
60 He-127 1 1 1 KITRE  7.13x1.66 4.23+0.40 2.30+0.15 1.30+0.15 2.33+0.52
61 H,¢-105 1 1 1 KITHE  7.37+0.40 5.37+0.37 2.43x0.21  0.97+0.05 3.00+0
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SrFhRcAE SR
L InDel-2-134 InDel-2-140 TnDel-2-152  $IE RRER ORI R W L%ﬁ
(g) (em) (em) (mm) (™)
62 H,-68 1 1 1 FHIY 7.53£0.62 3.57+0.21 1.92+0.15 1.32+0.05 3.00+0
63 He.94 1 1 1 KITHIE  10.37£0.27  4.00+0.15 2.70+0.24  1.24+0.10 3.33£0.52
64 Hy-218 1 1 1 KITRE 10.43£0.99  5.40+£0.09 2.80+0.15 1.50+0.18 3.33+0.52
65 H,-140 1 1 1 FITEE  12.17£1.72 3.50£0.27  2.73+0.49  2.30+0.27 3.67+0.52
66 He-100 1 1 1 FMAIE 12.57+1.25  5.63x0.32  2.20£0.32  1.96+0.21 3.00+0
67 Hg-99 1 1 1 FEMIE 13.77+4.16  4.93+0.44 2.90+0.54 2.10+0.41 2.33+0.52
68 H,g-55 1 1 1 KITE  15.57+0.26  4.40+0.32  3.57+0.05 1.83+0.23 4.33+0.52
69 H,-15 1 1 1 FHE 15.80+1.59  7.50+0.31 3.03+0.05 2.43+0.14 2.67+0.52
70 H,-103 1 1 1 KITHIE 17.17£1.61  4.70£0.56  3.83+0.14  1.70+0.18 3.000.89
71 H,-96 1 1 1 KITRE 17.77+2.69  4.20£0.24 3.43:+0.14  2.13+0.19 4.00+0.89
72 H,-56 1 1 1 FITEIEL  19.57£0.22  5.20+0.21  4.55:0.03  2.03+0.21 4.00+0
73 H,-45 1 1 1 KITEIE  23.07£0.76  6.10+0 3.73x0.23  2.33+0.14 4.00+0
74 H,-93 1 1 1 KATF  25.40£3.57  6.30£0.32  3.83:0.54 1.97+0.36 3.33£0.52
75 H,-50 1 1 1 KITHIEL 34.97£2.20 6.63+0.37 4.47+0.23 2.53+0.14 3.67£0.52
76 He-117 1 1 1 KITEE 3533+3.74  6.20£0.24 4.37+0.34 2.43+0.23 4.00+0
77 He-54 1 1 1 KATHER 35704426 6.93+0.49  4.57+0.31  2.50+0.45 3.67+0.52
78 He-115 1 1 1 KATE  36.47+2.69 5.83+0.23  5.00+0.41  2.50+0.27 4.00+0
79 Hg-52 1 1 1 KITREE 36.50+2.84 5.93+0.19 4.50£0.09 2.37+0.14 4.00+0
80 H,-48 1 1 1 KITHIE 37.43+2.04  6.80+0.54 4.53+0.23 2.40+0.18 4.00+0
81 He-102 1 1 1 KITHIE 37.47+2.27  6.20£0.09 4.70+0.18  2.40+0.15 4.00+0
82 Hs-236 1 1 1 KITHIE  39.30+8.39  6.97+0.72 4.77+0.63  2.20+0.15 4.00+0
83 H,-53 1 1 1 KITHIE  39.63£10.49 5.93+0.40 4.70+0.41 2.37+0.29 3.67+1.37
84 He-118 1 1 1 KITHE 43.83+7.86 6.77£0.27 4.83:0.40  2.40+0.09 4.33+0.52
85 H¢-237 1 1 1 KATSEIE  45.10+6.33  5.97+0.42  5.17£0.05 2.67+0.14 4.00£0
86 Hg-114 1 1 1 KATSEIE  46.10+9.58  7.57+0.57 4.73£0.42  3.40+0.50 3.670.52
87 H,-47 1 1 1 KITHE 46.87+4.12  5.70+0.32  5.40+0.39  3.00+0.15 3.67+0.52
88 H,-113 1 1 1 KITHEH  50.40+9.20  6.33+0.05 5.03:0.58 2.67+0.44 4.00+0
89 H-116 1 1 1 KATE  52.23+5.99  6.07£0.34  5.33+0.27  2.73+0.37 4.00+0
90 H,-154 2 2 2 [ kT 2.67£0.22  2.12+0.10  2.13x0.15 1.41x0.04 2.00+0
91 H,-155 2 2 2 [ BRTE 3.07+0.04 2.25+0.05 2.31+0.07 1.53%0.06 2.00+0
92 H,-64 2 2 2 LA 3.37+0.05 3.60£0.64 1.87+0.05 1.13+0.05 3.00+0
93 H,-149 2 2 2 FE 4.52+1.01 3.21+0.13  1.48+0.12 1.13+0.11 2.33£0.52
94 He-165 2 2 2 Ff 4.87+2.98 3.00+0.18 1.47+0.05 1.20£0.24 2.3320.52
95 Hq-23 2 2 2 Wi 5.13+0.49  2.97+0.34 2.03+0.05 1.67+0.21 3.33+1.03
96 He-125 2 2 2 FATEE  5.23+0.10 4.2120.15 4.07+0.17  1.25+0.02 3.00+0
97 Hg-211 2 2 2 FH 5.90+1.03 5.17+0.37 2.00+0.15 1.47+0.05 3.00+0
98 Hq-214 2 2 2 FHEIE 6.20+1.66 3.47+0.29 2.30+0.24  2.07+0.05 3.00+0
99 Hg-235 2 2 2 FH 7.17€0.54  4.77+0.27 2.20+0.09 1.60+0.15 3.00+0
100 Hg-204 1 1 1 JTEIE  8.13x0.66  2.63+0.14  2.53+0.05 1.83+0.05 4.00+0
101 Hg-221 2 2 2 FMIY 8.13+1.20 5.40+0.24 2.53+0.14 1.47+0.05 2.330.52
102 H,-136 1 1 1 KITEE  8.63x1.21  4.90£0.50 2.37+0.14 1.70+0.54 2.33+0.52
103 H-241 2 2 2 T 9.53+2.38  5.83£0.31 2.43+0.29 2.37+0.26 3.00+0
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SrFhRcAE SR
R InDel-2-134 InDel-2-140 InDel-2-152  J¥ HURIRL RIE ORI NI L%ﬁ
(g) (em) (em) (mm) (™)
104 Hg-22 1 1 1 Ffl 9.5740.54 4.47+0.14 2.50+0.09 1.90+0.15 3.00+0
105 He-78 1 1 1 FHIY 9.83+0.76  4.77+0.42 2.50+0.18 1.53+0.05 4.00+0
106 He-156 2 2 2 FME 1050078 4.60+0.15 2.80+0.09 1.90+0.15 3.00+0
107 Hg-210 0 2 0 RIHEIE 4.00£0.27 2.63+0.21 2.17+0.23  1.53+0.21 3.00£0
108 H,-92 1 2 1 KT 7.00£1.73  4.23:0.32  2.50+0.24  1.40+0.09 3.67+0.52
109 H,-223 2 0 2 FfIE 18.77+0.06  8.93x0.44 3.27+0.05 2.13+0.05 2.670.52
0: ZEBHUREL ;1 8GRI 2. 4451,

22 FaRBXZZHNRIER

HT FACARL R A S 5K B C. fruten-
cens Fl C.annuum , P35 FEHUG RBERAFAENE
FRE, BR LA FACREA A 109 MESE R, R ETEIR
PAA AR IR 109 > A 22 R RT3 8 Wl 2 4
EACAREAARIMGIEDIE R 5 BRI AT I
FHAL B ACBEA [ 2R AV HEIE. SR 8IS L
PR 3) , B R i 0.63~52.23 ¢, #/ #F
BRI MRS, Horh 3 A A A8 R I SR BT /D
FACAK R, 6 A~ B 38 F I B T o AR AL
HEETICEE SR R, Ha i G i G
RSN RE BN SN e S B U)
20.00 g, Ho H,-243 Jali a4t CMV Bk, B KAT
R, IR TR R 19.83 g, N EEARBEHE 50%
17 AR KATIETE H R B i 20. 00 ¢ (19 A
LRPAT A G B A (R 1) . 78 3 MsidE &
AR AL RMR H-92 (RS SRR, 5
KAITHIE , R i 7.00 g; Ho-210 57 5 46 4
T, B UH 4. 00 g3 H,-223 SRR, 3
RTH N 18.77 g, KPR N 8. 93, LA N
3.27 em, FAETINAIR , E LR AL LR 5 ek SR S8k
R 63 AN 4), 2 ], H-223 & BN 211
WU IR HAC E R B AR kL, ATk — 20 H T
Pt CMV FFP,
2.3 F,REXZZEI CMV W

InDel-2-134 InDel-2-140 Fl InDel-2-151 iX 3 4~
S FARNC, AR R 47 4 FAC A R AL 21
5P R R PBCO88 — Y H AZ & (14 A 5189k
MR G29 —F I AR 9 MRS HAZ R 34
£ InDel 4> FHricE & AR AR, HE2 0]
VIE H,21 15 PBC688 11 3 A~ InDel 73 FHnic—
) ARG ECh 8. 18, Hrb 5 MR R

A

B3 FREZFPHARRRIERK
Fig.3 Different fruit shape of F inbred lines

El4 3/ InDel S FiricEAIXEBEANINERE

Fig.4 The three inbred lines with recombination among the

three InDel molecular markers

R A mEBC, 16 MRRRI A 14 45 G29 3 4
InDel 73451 — B W) [ 28 R 19 °F 29 15 15 5k
49.95, Hr 13 MR R RN, 1 MER RN
L9 M E BRI TE TR ECN 21,07, 5
oA DMRRRRIABL,S MRR R b, W —Hk
AW X CMV PTPE B8 53 o Fin
IR AT 2 [ 28 & ST X9 1 18 B0k 20. 25,
Hep2 MEREBI b, 1 MR EIL, mH
FRAR H,-223 1F InDel-2-140 FRic i i 3 K A 5 Hi i
ML PBC688 —F, M3 Axid A2 A R, H H, A



1258 TP 42k % iR 2021 4R 37 B S

AR TS TR ECH 1. 48, LA EERATLIER I, N T4 SR LIA ) H-223 [A i HA &5 CMV #
MEELR G TARCEES R AAMR S —2  ERAZSIR, Z—HILRrbt CMV FFFEL,
Moo Z5E 0 TARICAEE R IEPRIA A RN T 4Bl

R2 BHFRLABREAIENELNEHRESNAMEEER

Table 2 Identification result of artificial inoculation with cucumber mosaic virus (CMV) in some F, inbred lines

Pi CMV 0% SFhRicA G

i g = TG HE(DI) Btk InDel-2-134 InDel-2-140 InDel-2-151
H,-15 61.48 S 1 1 1
H,-20 60.00 S 1 1 1
H,-22 49.63 S 1 1 1
H,-29 51.11 S 1 1 1
H,-41 45.19 S 1 1 1
H,-42 45.19 S 1 1 1
H,-45 61.48 S 1 1 1
H,-47 46.67 S 1 1 1
H,-48 45.19 S 1 1 1
H,-50 37.78 MR 1 1 1
H,-52 43.70 S 1 1 1
H-99 50.37 S 1 1 1
Hq-114 45.93 S 1 1 1
H,-236 55.56 S 1 1 1
-1 49.95

Hg-9 8.15 R 0 0 0
H,-35 14.07 R 0 0 0
H,-44 8.15 R 0 0 0
H,-88 3.70 HR 0 0 0
H,-101 18.52 R 0 0 0
H,-111 11.85 R 0 0 0
H,-134 6.67 R 0 0 0
H,-148 6.67 R 0 0 0
H,-178 3.70 HR 0 0 0
H,-216 5.19 R 0 0 0
He-217 10.37 R 0 0 0
H,-219 7.41 R 0 0 0
H,-220 1.48 HR 0 0 0
H,-222 6.67 R 0 0 0
H,-224 5.93 R 0 0 0
H,-225 8.15 R 0 0 0
H,-226 11.85 R 0 0 0
H,-228 18.52 R 0 0 0
H,-239 8.15 R 0 0 0
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Hi CMV Hefh i TR
Fh R e e B DI) ik InDel-2-134 InDel-2-140 InDel-2-151

H¢-240 2.22 HR 0 0 0
H-243 4.44 HR 0 0 0
Ty 8.18

H¢-23 14.07 R 2 2 2
H,-64 12.59 2 2 2
Hg-149 17.04 2 2 2
H,-156 25.19 MR 2 2 2
H,-165 25.93 HR 2 2 2
H¢-211 25.19 MR 2 2 2
H,-214 27.41 MR 2 2 2
H-221 17.04 R 2 2 2
H-241 25.19 MR 2 2 2
-1y 21.07

H-92 27.41 MR 1 2 1
H-210 31.85 MR 0 2 0
H,-223 1.48 HR 2 0 2
1y 20.25

PBC688 (it HE) 2.22 HR 0 0 0
G29 (BT ) 45.19 S 1 1 1

JRIEHEE(DD = X RPZIREARED) /(9SS x 100, % .DI = 0; &HHi.0<D
DI>40.0, S 8% ; MR 1T R F00 ; HR: Rdl, 0. 4iGH0RA ;1. 4G Em M2 4o a0,

3 97 8

HNEM R B N A+ R SR —, iR
PR B S FOLE A 55 100 2R 1200 £
FIRE B , I v it B % 3, AR ) 2 BB, 7 il & A2
CMV 2™ FErfE | 5T CMV 7 Fh— B2 Bt
WWEFEEHARZ — {1 CMV itk R R L |
A SR AR LRI 2 A R s
CMV BABUGE IR R e 5T e AL & 4% Pk 56 N AE 7%
[=puN =1 a0 5 < O O N N7 [ o T e 9 A<
BRAEH RSB L P CMV ByFTR P % A
BIPT CMV JER B 2 i R R G &l
T FEA BT CMV BB PR fE D m BT CMV i
Pl a4 B

HaT, AMITE 2 B L% 52 30 2448
CMV FHCH) QTL F1FE A, Br B ML Cmrl A1, 1
Pl P 35 DR X AR A5 0 2 O, AR AR D L A T o
SEPRBL R AL 1 ASTE WD 28 AR TR A

1<5.0; F1:5.1<DI<20. 0; FH7:20.1<DI<40. 0 ; 5 :
1|
=

C. frutescens cv. PBC688 1) 2 5 YL o fk @ (i 3 1
AL CMV B9 2% QTL(gCmr2. 1), THI A4 % 18 Bt
Ca02g19570 H5HFGIT 4L CMV FEH RCYT R & T
NBS-LRR ZMGHE P, 283 K 3 3R A5 X o0 M 0 75 175
S R U BR (VIGS) R B E, WA T
Ca02g19570 JEHAHT CMV B HESL R | 5 H % %
B InDel 4732 7T FH T BMUHT CMV 11 % B i
ii]ﬁ_[ls, 20] .

ARG L 3 N5 gCmr2. 1 5% 3% B InDel
PRt s iR, Fo R A 28 & 3 A InDel 43 F4ric 1Y
i FN 85.3%, Hh B AL RN A F N
59. 6% YU H 3 RINLL A RN 25. 7%, 24 & FH
14.7% , X —25 KUY, 25 1 AR ) Ze 22 Fn 5 AR
H 38, F AR A 2 R BEARE IS 258 2 4l 5 B IRAE
TR AR R, it 1 IR 5 IR IAI 5,
RS RNV T R i (B 223K, W]
TEURPISER g AR Al G, SRR AT A ) = 0 e
ARG B 2F AL G 0 30 B i R0 S BC,F,
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2021 4E & 37 % 5 M

A BRI T 5 0 A R B, 8 S Bl R AN
SEAli TR AR A S A R AR Y 2 S Bk
FRITF S 0] 55 SR 23 51 97.93% F1 98. 18%, Tij I &
23t AR T B e | B AC AP0 AR L ) i
FART A5 B AR, 2835 % M FL i 1A AT e 2 A B
ARAHNH C. frutencens F C. annuum , FplE) 3238 T3
JERBHAEEART ML, ML 548 R AR 24
RIEF L, TR P ER R R AT R T &,
FEAEAE AR A SRR i s 25 PR B bR 10 X T,
FREARE AT 73 Fhr i 4l B I 28 | [ R B4 A 2l
P R A R IR 2D

109 A~ H 2 R T 3 A Fhnic il & A B4 Y
HAZRN 34, EA RN 2. 8%, i WAL HT L N 5%
Aab R S EAPCRL, S FERA R K MR
SR, TEARNIG D iR R A R B,
P A A B A PUR S B A 8 R RN, B AR
WL AEHA A R T REA AR, BT K
B, AL L G BT 3 A5 RS R G
PPEIRA 6 A 35 OCHR 1Y FRA% IR 2 A5k (SNP ) 5
PEENT 2 S YR 154 815 667~ 155 002 754 bp
X2 ARBFGEITH 3 A5 Fhric (9 2K 8] A
152 845 012~ 153 206 189 bp, 5 5% 52 AL AR S MRk
{18 7 57 DX TETHI AR, BT T Z [RIAR AT 1 RE 4 B A%, fe X
SECE AT = DA R AR R R e, B
A E AR 5 o 7 o R A e it i PR A ) AR AL
BR, O 3 R 7R AR R o 11 1z 5 B0 R AR DNA
FBHB A, Tk 2 K DNA F Bk s b i iz A
TR AR T EBI RS . TR/ NEVUR TR M
R R S AR R PUE Z R T S NEE
Pt PR 2 g PR PR LR R A 0 R
W BLLE A R 43 1 B i 4l Bl gk 5 A B R OR
W&, T BT PR 25 A 2R B B &
MRE, A BETE A M AE B AL E

AWFFEiE S N T 3R CMV %5 F AR A 38 & 5t
CMV BIHiPE B, 3 4 InDel 2 F-Fric 5 80 #4 K
G29 —3 14 > A 28 R A F R F8 5 49. 95,
Hrr 13 MRRRI MBI, 1 DRR R ;3
A InDel 53 Fhric 5HUmbT kL PBC688 —E(HY 21 4
H 38 R B iE e sk 8.18 , Hidh mditk & 51,
PURIER 16 /1> 1M 22 G K 70 1 bk R SR ) R
T Y AR S FARIC InDel-2-140 54t
Wbt kL PBCO88 — BN, Ji AR 147 R B HUAR

PSRBT, N THA S 2 45 R 550 Finid e
SERILAW) G )53 FFRiC InDel-2-140 5Hiik %
qCmr2.1 W79l e R R0, TR vEvEOfR FE B = o 0
e 8 3 i KL R Lo 2 B, L, BEAA b A 4l 5 Bt
LRI RIS 12 Bk, 1 N T3 & py spk b A 4
U FE IR 3 Mk, X — S5 UL AL 50 1) H ] i
PO EREAR T HARIEN (4G hom ) AR, mifl
A3 FFR A0 0 5 v LB 1k H bR 3k P E Rk 63 4
AU S R 1 MR I P E Y InDel 2 Fh5R
TE A By A e TR 5 ) H W R R, S5 SR o, 1
R AR R F-IR 2 5 B = TR SR A H 2% Sl
25 ULEH A 4 1A e Bl B B A T I R 1 e
RIEAATAY, LA AT gl R0, R Fhnic it
A7 1 35 DR 1 %l B A R 80O B s, T DA 80 b g
THIME N,

g5 Tk ARG LA P CMV T PBC68S
FEAFBGFHHUAR F G29 M ACAR | il 3t b ] 4 52 Al
AP T FAR AR, HH LA InDel 53 FFrid
T PEZs A AR IR PR A AN T4 Fl S 5, ST T Bk
BT CMV s Fhricd i Bl v iA & | IFaH 1 1 6
Pt CMV HAR ZPERIL R 0 H 28 & A RF H-223, 7]
TG SL BT CMV B Rl
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