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Development of Molecular Markers Linked with CMS Restoring Gene
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Abstract: Three-line matching is the main research direction of pepper breeding, identification and development of re-
storer gene linkage markers in pepper is a difficult problem in restorer line breeding. In this study, the F, segregation
population was constructed by using 014A and 014C as parents, the segregation ratio of fertility and sterility was 3 : 1

by i’ test, indicating that CMS fertility recovery trait of capsicum was controlled by one pair of dominant genes. Using
the BSA method to construct the mixed pool of fertile and sterile DNA, the whole genome was re-sequenced and com-
pared with the reference genome, by SNP-index Method and Fisher Test, the cytoplasmic male sterility restorer gene
was mapped in the region of 1.44-8.28 Mb at the tip of the chromosome 6. The primers were designed according to the
SNP/InDel difference between parents, and the polymorphic primers were screened in both parents and extreme pools,
and the molecular markers PP5 and OP59 were obtained. The accuracy of the two markers was 100% in extreme popu-
lation validation; The marker OP59 was a co-dominant marker, which was located at the candidate gene T459-15819
interval of 17 232 bp. The accuracy of the marker was 100% in the sterile population and 97.21% in the fertile popula-
tion; PP5 was located 318 bp downstream of the candidate gene T459-15819 of the restorer gene. The accuracy of PP5
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was 100% in both sterile and homozygous fertile populations. In this study, we obtained two markers closely linked with

the restorer gene, which would lay the foundation for accelerating the selection of CMS restorer lines in pepper.
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Tab. 2 Statistical results of high-throughput sequencing data
PSR P, RH A A EA AHERM IR
Sequencing information Sterile parent Fertile parent Sterile-pool Fertile-pool
HQ clean data/Mb 115 815.41 128 530.10 94 269.04 109 652.66

HQ GC/Mb

HQ clean reads num/Mb
HQ Qs¢/Mb

Total mapped/Mb
Unique mapped/Mb
Perfect mapped/Mb
20%/%

42 669.36 (36.84%)
773.64 (99.61%)
108 576.78 (93.75%)
755.77 (97.69%)
644.75 (83.34%)
692.63 (89.53%)
83.86

46 466.10 (36.15%)
857.87 (99.65%)
120 591.95 (93.82%)
841.60 (98.10%)
735.91 (85.78%)
771.63 (89.95%)
89.51

34017.36 (36.08%)

629.26 (99.63%)

88 550.44 (93.93%)

615.65 (97.84%)

539.56 (85.75%)

562.71 (89.42%)
80.87

39 691.76 (36.20%)

732.49 (99.68%)

103 474.11 (94.37%)

715.39 (97.67%)

626.37 (85.51%)

653.87 (89.27%)
86.61
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Tab. 3  Statistical table with association interval informa-
tion based on SNP-index value

UARURES RIAAE  ZabfiE KERE R
Chromosome  Start/Mb End/Mb Length/Mb  Genes

6 0 26.72 26.72 540

6 26.88 34.88 8.00 42

8 37.46 44.36 6.90 21

8 45.06 49.82 4.76 17

8 55.58 57.94 2.36 14

8 60.84 68.78 7.94 18

8 86.86 92.58 5.72 18

8 109.22 113.36 4.14 26

8 113.40 115.56 2.16 20

8 116.62 125.20 8.58 93

8 127.90 131.36 3.46 24

11 246.94 249.14 2.20 13
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A(SNPindex)
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Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr.8 Chr9 Chr.10 Chr.1l Chr.12

Yoo K347 B Chromosome physical position/Mb
WOS B R GAE, BOfhZ PG, WEh 95%E L, a4 h 9% E[FL.

The scatter plot represents the original value, the black curve represents the fitted value, the blue line is the 95%
confidence line, and the red line is the 99% confidence line.

B 1 A(SNP-index)# SNP-index 4375 2 14 i &
Fig. 1 Manbhattan plot of distribution of A (SNP-index) and SNP-index
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Chr.l Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8 Chr9 Chr.10 Chr.11 Chr.12

Yefa KPR E Chromosome physical position/Mb

B E AR IRE, BEMAHMAHE, LN 5% ERL.
Scatter plot is the original value, black curve is the fitting value, and blue line is the 95% confidence line.

B 2 EF Fisher #23-loglO(p)EMN L ERAH R E
Fig. 2 Genome wide distribution map based on Fisher Test —log10(p) value
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M: DL1000 DNA marker.
B3 #ri2 OPSY EEAR F, BHENHEBITEER

Fig. 3 OP59 partial amplification outcomes in parents and F, population
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M: DL1000 DNA marker.
B4 RIZEPPSEFEAR F,HERNNISTEER

Fig. 4 PP5 partial amplification outcomes in parents and F, population
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