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Abstract: The composition and quantity of Restorer-of-fertility genes contained in the restorer line directly
determine the strength of the restoration ability, thereby affecting the fertility stability of hybrid soybeans bred
through the "three line" method. The Rf1 gene is widely present in soybean cytoplasmic male sterile restorer lines,
while Rf2, as a newly discovered strong Restorer-of-fertility gene, only exists in a very small number of restorer
lines. To this end, this study developed functional molecular marker for the Rf2 gene and used conventional hybrid
breeding combined with molecular marker-assisted breeding techniques to aggregate the Restorer-of-fertility genes
Rf1 and Rf2, creating a new germplasm of soybean cytoplasmic male sterile restorer lines with strong restoration
ability and excellent agronomic traits. The results indicate that the combination of Rf7 and Rf2 molecular markers
can quickly and accurately screen target Restorer-of-fertility gene types, significantly improving the breeding
efficiency of new germplasm of gene aggregation restorer lines. At the same time, the newly created restorer
germplasm showed excellent performance in agronomic traits such as pod number per plant, grain number, and
100-seed weight. This study provides excellent new germplasm for the breeding of "three line" hybrid soybeans,
and also provides technical support for the efficient breeding of more strong restorer lines in the future
Keywords: soybean;cytoplasmic male sterility; restorer line; sterile line; molecular marker-assisted selection
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Table 1 Specific molecular markers for detecting different genotypes of Rf2

TRk RN (bp)

PRICHR L5 (5%39 RIEASIMFS (5239 . .
Specific band size (bp)
Marker name  Forward primer sequence (5-3") Reverse primer sequence (5-3")
RI2Rf2 Rf21f2 1f2rf2
Rf2-Indel-2 TGCCTCTCTAATCGGAGAAA TCATGCCTCTCTAATCGGAGC 201 210 i1 201 210

1.2.4 Rf1 EEB S FHRICEE KA &ESTF KM RFI-ACAPS-2 7 FFric SR 5 2
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Table 2 Specific molecular markers for detecting different genotypes of RfI

Rk RN (bp)

ANy it ERGIFE] (5-3D A5 (53 . .
Specific band size
Marker name Forward primer sequence (5-3')  Reverse primer sequence (5-3")
RfIRfI RfIrf1 1f1rf1
GATGGAGCATTATCCTACTG AAAAATCATAAGCCTCGTTT
Rf1-dCAPS-2 427 427 1 452 452

GAATT ACAAG
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(JLCMS89A=Williams 82) Fi {643 2562 A H; d- (JLCMS89AXJLR500) Fifety ¥ A H
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Fig.1 Pollen fertility test results of hybrid F, of different Rf genes restorer and sterile lines
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(K 2) . BRER ST, RUI7THriC Rf2-indel-2 A H T4 € & Rf2 FEK AU b1 K
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M R A
M-DNA Ladeder, R-JLR500, A-JLCMS9A

2 SFHRIC Rf2-indel-2 #3 Rf2 B FE B K45 R
Fig.2 The electrophoresis results of the Rf2-indel-2 molecular marker for detecting the Rf2 genotype
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i e B R AR B 8t A s FEFIAELIY Fs ARARAT r B ATLIE 625 & R DR 57t 10 AR - HEAT 43
WHTE . M 10 AR R R I 25 R b e LLE H, FIH] RfI-ACAPS-2 ARic #4795 1
PCR #8724 K/ Ry 452 bp (B 3a) 3 K RHITEN VIR EcoR 1 BV 5 7] 43 3] — % 5
PEXT I Williams 82 AH A ) 427 bp /247 B — 567, T RAPER I JLCMS9A TEikgvIT, 13
v 452bp (B 3b) o FIF Rf2-Indel-2 #ricidt— A0 10 (AR R2 B, RIL FRH
BHY R I FAEXS  JLR500 — 361K, 2955 201 bp,  BEFLT- [ X5 B JLCMS9A 1)
210bp (& 3c) o LRBHESERE, R A R2 A BAERER ORE R G 2 Fs K,
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a-FRig RfI-dCAPS-2 # 1 PCR P k&ML R, b-EEYI IR B kMEE R, c-#RI8 Rf2-indel-2 HE kA&
MLEE; M-DNA Ladder, W-Willimas 82, R-JLR500, A-JLCMS9A, 1~10-Fs{&{t3R etk

a- Agarose gel detection diagram of PCR products amplified by the Rf7-dCAPS-2 marker;b- Agarose gel detection
diagram of enzyme-digested products;c- Polyacrylamide gel electrophoresis detection diagram for the Rf2-indel-2
marker;M-DNA Ladder, W-Williams 82, R-JLR500, A-JLCMS9A, 1-10-Fs representative plants
3RFERERE Fs RRMBRD FIRICRNER

Fig.3 Molecular marker detection results of representative plants of the Fs generation for the Rf gene
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Table 3 Comparative analysis of agronomic traits of Rf gene aggregated new germplasm

T Rk s E it BRI LiR7SAES HRE (g)
FiEr (em) ME ()
Germplasm Number of Number of Number of Pods Number of Seeds 100-Seed
Plant Height Total Weight
materials Nodes Branches per Plant per Plant Weight
RR980 141.2421.86a 25.242.28a 5.4+2.41° 125.2439.56° 303.4+100.78° 23.78+2.12 71.82423.0a
RR982 121.2+12.99ac 19.2+1.79bc 2.4+1.14a 88.2+20.29a 208.6+41.59° 18.8+1.49b 39.52+9.63a
RR985 141.4410.6a 26+1a 5.243.27° 140.6+45.08° 275.8+98.98* 23.76+2.72a 63.58+17.61a
RR986 158.4+14.72ad 25.4+1.95a 3.2+1.48* 112+40.64* 219+£73.312 21.24+1.46a 46.68+16.23a
RR987 154.8+18.94a 23.8+2.39a 4+1.582 101.4+69.07a 205.2+126.51° 20.1+0.99b 41.9427.78a
RR988 165.2+18.49ad 25.6+0.89a 3+0.71° 84.6+21.61a 186.6+43.43a 20.12+0.67b 37.72+10.06a
RR989 167.6+30.18ad 24+2.74a 3.8+0.45° 98.8+17.08a 218.8+35.85* 20.38+1.19a 44.56+7.74a
RR990 158.2+14.52ad 25.6+2.07a 2.8+1.48* 134.4457.91° 295.6+122.68° 18.58+2.41b 56.74+27.99a
RR993 147.6+7.86a 26.6+2.3a 442.242 113.8430.78° 232.2451.782 20.58+1.7a 47.82+11.48a
RR995 154.6+8.62a 24.4+1.95a 4.8+1.48° 167.8+52.3% 318.8+113.06° 19.76+1.67b 64.14+27.52a
Williams 82 149.6+14.6a 22.6+2¢ 3.8427 140.6+56.6a 250.8+100.6a 20.9+1.84a 51.4+20.16a
JLR500 102.6+9.6b 19.4+4.4b 1.84+0.8a 69.4+16.4ac 166.6+24.6a 21.14+2.24a 35.448.24%

e RS E b AR RN Z R 8% (P<0.05)

Note: Different shoulder letters in the same column indicate significant difference (P<0.05)

Williams 82 (CK1) JLR500 (CK2)

4 FERE RF ERBRSHMERA TNV

Fig. 4 Comparison of appearance between parents and Rf gene aggregated new germplasm seeds
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Table 4 Principal component analysis of agronomic traits of Rf gene aggregated new germplasm

PR F B4 Principal component
Trait PC1 PC2
ki 0.484 0.819

Plant height
5 0.726 0.457

Number of sections

i3 0.898 -0.16
Branch

PRI 0.876 0.037
Number of pods per plant

LN/S TR 0.895 -0.074
Number of grains per plant

PRI 0.469 -0.632
100 grain weight

B 0.933 -0.273

Total weight

FFE{E Eigenvalue 4.225 1.387
T7 TR 60.355 19.816
Variance contribution rate/%

BT ETERE 60.355 80.171

Cumulative variance contribution rate/%
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WRAE R 4 Bl , WX & S35 RE T, B3] R R IE X (F1 AT F2
R A0 -

F1=0.484X1+0.726X2+0.898X3-+0.876X4-+0.895X5+0.469X6+0.933 X 7F1=0.484X1+0.726
X2+0.898X3+0.876X4+0.895X5+0.469X6+0.933.X7

F2=0.819X1+0.457X2+(—0.16)X3+0.037X4+(—0.074)X5+(—0.632)X6+(—0.273)X7F2=0.81
9X1+0.457X2+(—0.16)X3+0.037X4+(—0.074) X5+(—0.632)X6+(—0.273) X7
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Table 5 Comprehensive ranking of agronomic traits of Rf gene aggregated new germplasm

Folsa A1 =
F1 F2 F
Germplasm materials Ranking
RR995 5.16 0.27 10.44 1
RR980 5.71 -2.03 10.28 2
RR985 5.09 -1.58 9.93 3
RR990 1.59 1.56 8.07 4
RR993 0.64 0.61 7.12 5
Williams 82 0.9 -0.22 7.11 6
RR986 -0.28 0.76 6.47 7
RR989 -0.8 1.18 6.18 8
RR987 -1.49 0.75 5.55 9
RR988 2.7 1.79 4.90 10
RR982 -5.95 -0.81 1.81 11
JLR500 -7.87 -2.28 0.00 12
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