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Development and Validation of Functional Molecular Markers of
Nuclear Sterility Gene ms6 in Soybean
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Abstract: Heterosis utilization is one of the effective means to raise the crop yield. With the rise of the third
generation of “intelligent sterility hybrid breeding technology” , nuclear sterility gene has been widely used in
crop cross breeding. In soybean, ms6 as an important gene of nuclear sterility has been widely used in recurrent
selection breeding, but it is rarely reported in hybridization breeding. In this study, 12 dCAPS markers were
developed using SNP mutation site of soybean ms6 gene. Three dCAPS markers ms6-dCAPS-1, ms6-dCAPS-2
and ms6-dCAPS-3 were identified by restriction endonuclease digestion. Further verification showed that the ms6-
dCAPS-3 marker was stable and reproducible. After restriction endonuclease Hind 111 digestion, the amplified
products could accurately distinguish homozygous fertile, heterozygous fertile and homozygous sterile single
strains in the isolated population of ms6 offspring. This provides an effective technical support for the application
of nuclear sterile gene ms6 in hybrid soybean breeding.
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Table 1 dCAPS molecular markers used in this study

FRC A TR S1¥FE (5 -3") RIS (°C) PR/ (bp )

Marker Primer sequence Annealing temperature Product size

ms6-SNP F: ATAATTCACTCAGTCCTTCT 53 823

R: GCAACATAAACCAACAAA

ms6-dCAPS-1 F: CATATTGCATCACCATTACA 58 354
R: AGCCTGCAGCTTTTACCACACCTCTTA

ms6-dCAPS-2 F: CATATTGCATCACCATTACA 54 362

R: ATCTTAGCCTGCAGCTTTTACCACACCTGGCA
ms6-dCAPS-3 F: TCTTTTCTTGAACTTGTTTGCAAAGC 58 641
R: GCTGTTACATAGTTGGCACATTTT

ms6-dCAPS-4 F: CATATTGCATCACCATTACA 52 354
R: AGCCTGCAGCTTTTACCACACCTGCTA

ms6-dCAPS-5 F: CATATTGCATCACCATTACA 58 354
R: AGCCTGCAGCTTTTACCACACCTGTTG

ms6-dCAPS-6 F: CATATTGCATCACCATTACA 58 354
R: AGCCTGCAGCTTTTACCACACCTTTAA

ms6-dCAPS-7 F: CATATTGCATCACCATTACA 53 354
R: AGCCTGCAGCTTTTACCACACCTGTGC

ms6-dCAPS-8 F: CATATTGCATCACCATTACA 58 354
R: AGCCTGCAGCTTTTACCACACCTCTGA

ms6-dCAPS-9 F: CATATTGCATCACCATTACA 58 354
R: AGCCTGCAGCTTTTACCACACCTTATA

ms6-dCAPS-10 F: CATATTGCATCACCATTACA 54 355
R: TAGCCTGCAGCTTTTACCACACCTGGCT

ms6-dCAPS-11 F: CATATTGCATCACCATTACA 58 360

R: CTTAGCCTGCAGCTTTTACCACACCAGATC
ms6-dCAPS-12 F: CATATTGCATCACCATTACA 58 360

R: CTTAGCCTGCAGCTTTTACCACACCTCTCG

®2 BRI ICAPS HRiEER
Table 2 Information of specific dCAPS markers

., PRl 14 P Dt e ) )
FRICAR N BEIRLA WA D5 B HE (bp )
estriction
Marker Restriction site Reaction condition Fragment length

endonuclease

ms6-dCAPS-1 Af 1L C"TTAAG 37 °C 20 min 326 /28
326 /354 /28
354

ms6-dCAPS-2 Sph 1 GCATG"C 37 °C 60 min 362
362/332/30
332730

ms6-dCAPS-3 Hind 111 A"AGCTT 37 °C 60 min 613 /28
613 /641 /28
641

BEUIJG B/ EZ TR « i35 0T R 25 AT SRRIAE S N Sk, B A5 05 B D ) IS I E o 28 BRAE PN DTG
LG < 30 bp MRS BE, 5 322052 ) BOARBRAGE , SO R R P RS B it

From top to bottom, the sequence of fragment size was homozygous fertile plant, heterozygous fertile plant and homozygous sterile plant, and the

value was the theoretical base length of each specific fragment. The specific fragments < 30 bp after restriction endonuclease digestion is far away

from the main specific fragment, hence is not used as the specific segment for statistics in electrophoresis
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ms6ms6  GCAGG f* AACAGGTGTGGTAAAAGCTGCAGGCTAAGATGGACCAACTACCTAAGGCCTGACCTCAAGCATGATGGTTTTACTCCCCAAGAAGAAGATC
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AACCT (« (1(;1(:((« AGGAAGCAG ACT AAAGA s TGTAGCCTCAGTGCAACGTATGAAACCAATA

mS6MS6  TAATTATTAACCTTCATGOAGCCATAGGAAGCAGOTATOTTCTACTCTTTATATITGOAAAGATTCTTGTGTAGCCTCAGTGCAACGTATGAAACCAATA
501 600
Williams8?2 j¥e¥ A 3 A ; AT
MS6MS6 n |
ms6ms6 romoom,\c,\cumu.-\cmcn,\coxn'oocnnmon1'AGTAAAArrr,\ancrrromroruﬂ'n\crrccnrooocruc
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§23

TUs514 Reverse primer
P 1~823 ARFRIRSLA L

1-823 in the figure represents the length of bases
E1 KERYZAE ms6 EEHRRERTH SNP L=

Fig.1 SNP site of mutation in recessive genic male sterility gene ms6 of soybean

M 1 2 3 4 5 6 7 8 9 10 11 12

400 bp =

300 bp =

M: 100 bp DNA Ladder; 1~2: 4lify 0] & HLAR A PCR JZHI4570 5 3~4: 2245 0l & 5Bk PCR =554 5 5~6: i ANT HLbR ) PCR =4 %7
7~8: 4G A AR REI A 9~10: 245 I ARABEDI A5 s 11~12: 25 R RARMBEI S50 . T 1)

M: 100 bp DNA Ladder, 1-2: PCR product bands of homozygous fertile individual plants, 3-4: PCR product bands of heterozygous fertile individual
plants, 5-6: PCR product bands of homozygous sterile individual plants, 7-8 : Enzyme cutting bands of homozygous fertile individual plants, 9-10: Enzyme
cutting bands of homozygous fertile individual plants, 11-12: Enzyme cutting bands of homozygous sterile individual plants.The same as below
B2 FREIENTIEE AR I BRI SSEET

Fig.2 Polymorphic bands of restriction endonuclease Afl I1
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B3 FR&ENTIEE Sph 1 EEYIBRIM S AMET

Fig.3 Polymorphic bands of restriction endonuclease Sph 1

ms6-dCAPS-3 fric & 7E#E 25 SNP 37 5 3 bp Fll
4 bp Ab 5| AR BCAKE L, L PCR 373 19 7= 25 fR
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B4 [REERNTIES Hind I YB3 S ST

Fig.4 Polymorphic bands of restriction endonuclease Hind I11

M 1 2 3 4 5 6 7 8 910 111213 14 1516 17 18 19 20 21 22 23 24

800 bp >

600 bp >

M: 100 bp DNA Ladder; 1~8: Zli#3 A & SUBRAYBEDI AT ; 9~16: 245 Al B SRR AYEEVI A4 5 17~24 S05 AR H PR BED) 25t
M: 100 bp DNA Ladder, 1-8: Enzyme cutting bands of homozygous fertile individual plants, 9-16: Enzyme cutting bands of heterozygous fertile

individual plants, 17-24: Enzyme cutting bands of homozygous sterile individual plants

B 5 SEEHEd 24 NEKRZREEATIEE Hind 11 BYIRRFEINSSHET

Fig.5 Polymorphic bands of restriction endonuclease Hind III of 24 individual plants
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