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Fine Mapping of a Restorer-of-fertility Gene GmRf1 for the
Cytoplasmic Male Sterility in Soybean
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Agricultural Sciences/The National Engineering Research Center for Soybean, Changchun 130033 )

Abstract: The hybrid breeding in soybean ( Glycine max ) mainly relies on the three-lines system derived
from cytoplasmic male sterility. Identification of optimal restorer lines is therefore of importance. Since checking
the fertility of F, hybrids derived from the tested restorer lines crossing with sterile lines is time-consumption
and laborious, genetic identification of the strong restorer-of-fertility ( Rf) gene (s ) and its use for marker-
assisted selection ( MAS ) will greatly improve the efficiency of breeding. In this study, the F, segregation
population derived from the CMS-RN type sterile line JLCMS204A ( female parent ) and the restorer line
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JLR230 ( male parent, containing the unknown Rf gene ) was investigated. Through examining pollen fertility
the Rf gene in the restorer line was controlled by a pair of dominant single gene. Based on the bulked segregant
analysis ( BSA ) of both parents and two pools ( fertile and semi-sterile ) , the genetic locus named GmRfI was
allocated on chromosome 16 flanked by simple sequence repeat( SSR ) markers BARCSOYSSR 16 1069 and
BARCSOYSSR 16 _1076. By taking use of enzyme digestion amplified polymorphic sequences ( dCAPS )
makers, insertion deletion ( InDel ) makers and sequence tag site ( STS ) makers, GmRfI was finally delimited
between the marker dCAPS-1 and BARCSOYSSR 16 1076, in which the genetic distance were 0.1 cM and 0.3 cM,
respectively. On the basis of the ZH13 v2.0 reference genome, GmRfI was located between 32 708 896 bp and 32
932 950 bp with a physical distance of 224.1 kb. This study will lay the foundation for molecular marker assisted

breeding of the restorer lines containing GmRfI locus and the isolation of the GmRfI gene.

Key words: soybean; cytoplasmic male sterility ; restorer-of-fertility gene; molecular marker
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Table 1 Sequence information of polymorphic SSR molecular markers

SSR 4 FArid

Molecular marker

LU IHFS(5-3")

Forward primer sequence

TSI (5-3")

Reverse primer sequence

BARCSOYSSR_16_1053
BARCSOYSSR_16_1055
BARCSOYSSR_16_1056
BARCSOYSSR_16_1059
BARCSOYSSR_16_1062
BARCSOYSSR_16_1064
BARCSOYSSR_16_1068
BARCSOYSSR_16_1069
BARCSOYSSR_16_1070
BARCSOYSSR_16_1071
BARCSOYSSR_16_1072
BARCSOYSSR_16_1073
BARCSOYSSR_16_1074
BARCSOYSSR_16_1075
BARCSOYSSR_16_1076
BARCSOYSSR_16_1077
BARCSOYSSR_16_1082
BARCSOYSSR_16_1085
BARCSOYSSR_16_1090
BARCSOYSSR_16_1095
BARCSOYSSR_16_1102
BARCSOYSSR 16 1115
BARCSOYSSR 16 1123
BARCSOYSSR_16_1151

BARCSOYSSR_16_1165

AAGAAATAAACAGAAAAGAAAACAGAA

GGGGGCACTTAAGTAGAGCA

TTGCAATAGCTCATCTGGACA

CCAATGAAAAGTAATTTGTAATCAAG

TTTCTTTGTTTATGTTGTCTTGGA

CGCGTGCCTTGATTTTATTT

GTTCGTGTGCATGCAATCAT

CCAATTTTTATATGAACTCGCACA

GGCTGCAGTCACATCAGCTA

CTCGGTGACTCGTTATGCAC

GACACGGTTGAATTTCGCTT

CTCCGTTGCTGAT

GGCCTTCAATTTTGTTCTGC

TTAGAAATGTTGGCCGGAAA

CCCCAAACAATGGACAACAT

CAAAATAGGCGGCTTCAGAG

CAATGGTTGGATGGTTGGAT

AACTTCGAACGCATGTATTGT

GCAGCTTGCTCAGAACATCA

CACCAATTTAAAGTTTGATGGTC

TTGCTTGTGACTCGAGAAAA

CCAATGAATTTATCAAGTTGGGA

AGAAAAGAAATATATTCCCCAGATAA

GCGCCCCATATGTTTAAATTATATGGAG

GCGCTATCCGATCCATATGTG

GGGGTACGCGTAAACAGAAA

GAGCCACTCTCACATCACCA

CTTCTTGGCCAGTCTCAAGC

CAACCGACAGCGAACTCATA

TGCCAAGCAGTAAAAATCGTT

GCTCAGCTAGCGGTTCCTTT

GGGGAGGAAGAAAATGTTAAAAA

CTGCTTTGTCGGCAATTGTA

CCCCTCTCTGGATCTGTTTG

TGAAGTACAAAATTTTACAAAAACACA

AACACAAAACTTTCCGTCCG

TAAGCTGAATTAGTAAAA

CCCTGTCAAGACAGCACTGA

GCAGAAAACACGGGAAAAGT

CGTTAAGATTTTTACATTATCAACGAA

TGGGATGGTAAGTGTGCGT

TGGACCACACCTTTTGAACA

CCCATTATAAATCATGATAAGTGTGAC

AAACCCTAACGCCGTTTCTT

TCCCACCACTTATTGGTTTCA

CGTGATTGCATATGACTGTTCA

ATCGCTCCAATGCAAATAGG

ACAATGTTAAAGTCATCCAATTATACA

GCGATGGGGATATTTTCTTTATTATCAG

TGATTTCGCTAGGTAAAATCA
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SEAEWEAE AR TRAE 16 YLk 14 2 A0
SR A O, K PR 2 TR e 6 F 16 5 e fafk
31.0~36.4 Mb X Ja] [N ,
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Fig.1 F, segregation pollen microscopy results
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The black solid line in the figure is the All-index average line, the blue line is the 95% threshold line, and the purple line is the 99% threshold line.

What needs attention is the area where the average line exceeds the threshold line. The abscissa scale is the median value of All-index. The short bars

after “20” in the abscissa are scaffolds of the reference genome, which will not be considered in this paper
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Fig.2 The manhattan distribution of two offspring A ( All-index ) on chromosomes
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Fig.3 Electrophoretic maps of some polymorphic SSR markers

BEIEE (M) PBIAE (bp) 16 SHeatk (Mb)

Genetic map

BARCSOYSSR_16_1059 —

0.7
BARCSOYSSR_16_1069
04
GmRfI
03
BARCSOYSSR_16_1076
04
BARCSOYSSR_16_1082 ——
12
BARCSOYSSR_16_1102 ——
A

Physical map Chromosome 16
W 32560046 —0
32703286
—10
32932950 20
——33014407 | |3
H
=37
—— 33356067
B C

A GmRIT AT IR % B , v ZE IS HH 2 SSR ARic , A1 R 4 bat i 22 i fr) st A LB
B: REZH LR M (ZH13 v2.0 ) SSR ARICTE 16 S YL A 1 iy s & , B E RIS SRR GmRAT 7 5 AL R X Ik 5
C: 16 SU Ry I, Hrh i K X SSR ARICENL GmRfT (i ITAE L E MY KR 3 16 S it Lokl g

A: The genetic map of the GmRfI locus, the SSR markers are listed on the left and the genetic distance between each marker is shown on the right,

B: The physical location of SSR markers on chromosome 16 of soybean reference genome ( ZH13 v2.0 ), the black bars represent the genetic and

physical regions of the GmRfI locus, C: The physical pattern of chromosome 16, where the light gray area is the location of GmRfI locus located by

SSR marker, the elliptic region represents the centromere position of chromosome 16
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Fig. 4 Genetic and physical maps of the GmRfI locus
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Table 2 Polymorphic molecular marker information

PSRN RS (5-3")

Molecular marker Forward primer sequence

TG ((5-37)

Reverse primer sequence

dCAPS-1 TTAAAATTATTTTTAAAGTTTGCAT GCAATGCCACCAACACTATCTCGT
Indel -2 TCTCCTTCATTCCAAACA GAGGAAATCAAATTACCAGTAC
Indel -4 TGAGACCCACATCAATTA ATCTAACCATCTCAGCAT
Indel -9 GTCTCCCGAGTCCATCTA ACATCCAATCGCTACAAA
STS -1 CAATTGTAAACCTTGTACGAGCTA GAAGAAAATGTTAAAAAAGAGAGA
STS -10 GAGAAGGAAAAAGAGAAAACGAAA AGAATGCAAATGGAAGATCAGAAG
STS -14 AACAACAAAGAGAAAACTACCAAT TCCTATGCACAATACAAAGACCTA
STS -18 ACTTTTGTTACACTCCTGGTCTCC TCCTCTATTCTCTCATTGTTCCTT
BARCSOYSSR 16 1069 GmRf1 BARCSOYSSR 16 1076
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At the top of the figure is the genetic region of GmRfI gene preliminarily located by SSR markers. In the middle is the genetic distance and physical
distance obtained from the detailed mapping of GmRfI gene based on the development of SNP, InDel and STS markers and the reference genome
ZH13 v2.0. The purple bars represent the fine-mapped regions of the GmRf1 gene. The color band at the bottom represents the genotype of the single
recombinant plant detected by each molecular marker in F, population screening, and the number of the single recombinant plant is on the left.
JLR230 represents the homozygous fertile single plant of the male parent, JLCMS204A represents the homozygous sterile single plant of the female
parent, F, represents the F, hybrid single plant of the parent, and the others are F, isolated population recombination single plant. On the right is the
original phenotype of the recombination plant, a represents homozygous fertile, b represents homozygous sterile, and h represents heterozygous
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Fig. 5 Fine mapping of the GmRfI locus
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