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Transcriptomic Analysis of Soybean Cytoplasmic Male Sterile F,
Hybrids from Pollination with Different Restorer Types
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Abstract: The restoring ability of restorer lines plays an important role in the fertility stability of three line
F, hybrids. In this study, two soybean cytoplasmic male sterile F, hybrids, which were produced with the same
male sterile line pollinated by restorer lines showing strong and weak different restoring ability, respectively,
were used. The transcriptome sequencing of mixed flower buds of different sizes was carried out at the flowering
stage. Through comparative analysis, according to “p-value < 0.05 and | log, foldchange | > 1” as the threshold in
F, hybrid ( weak restorer ) if compared to that in F, hybrid ( strong restorer ), 2060 differentially expressed genes
( DEGs ) were identified including 1446 and 614 DEGs were down-regulated and up-regulated, respectively.

The transcripts of several genes using quantitative real-time PCR ( qRT-PCR ) analysis were coincident with
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the results of RNA sequencing ( RNA-Seq ). The significance enrichment analysis of gene ontology ( GO )
showed that the main differential biological functions were cell periphery, pectinesterase inhibitor activity,
pectinesterase activity, cell wall and external packaging structure. The enrichment analysis of kyoto encyclopedia
of genes and genomes ( KEGG ) pathway showed that the main differential metabolic pathways were pentose
and glucuronate interconversions, plant pathogen interaction and glycolysis / gluconeogenesis. According to the
results of differential transcriptional genes analysis and literature reports, it is speculated that the fertility stability
of soybean cytoplasmic male sterile F, hybrid was related to the genes involved in pollen cell wall development,
carbohydrate metabolism and plant pathogen interaction. When the functional balance was challenged due to
the changes of environmental conditions, the sterility and fertility would be switched. Collectively, this study

provided valuable information for understanding the molecular mechanism of cytoplasmic male sterility and

fertility restoration in soybean from the aspect of fertility stability.

Key words: soybean; cytoplasmic male sterility; fertility stability; RNA sequencing
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A_CK 1 B_CK i T 1L P54 & v i pa ol K2
CLIPEE RN FFABE ) AR IS0 7R JE 5L, T IF A
TSRS A_CK Rl B_CK FBRES 2 RERK i
MR NIR B AEZE , L RVE TR, Z 55
F74E -80 CUKAf, 7F RNA-Seq M7, iK% & 3 4
YA . ORI A_CK Fl B_CK HRRIE 745 3¢
1.2 2 RNA REL X EMZSF

K TRIzol ( Invitrogen, Carlsbad, CA, USA ) j2:4#
HUA_CK #1 B_CK fE ZF ) 5L RNA. i i Oligo (dT)
TG 2R 5 A5 mRNA F1% 77 25 4 8 SC %, Xof A 2 1) SC 8
PCR ¥ W44 T SCE Fr By s 42, SO R/ N 300~400 bp,
i#1) Agilent 2100 Bioanalyzer ( Agilent Technologies,
) W SO AT RE 5, SRS — MBS 2 nmol/L,
AL GRAE P, T A SO L R A 1) SRR 2R
AR AR, HF Humina 03576005, 55 5241
WY ZE 4G r S IR ARV BE AR A BRA R 61T
1.3 HFEANFEVEERESN

s as T MLEE Se kAT D AL B, 2 BR AR T i
read F4E Sk, 159 28 B & 741, Z 05 HoxF B R T
Fh Williams 82 (9% 5L [F 4 Glycine max.Glycine
max_v2.1.dna.toplevel.fa ( http: /ftp.ensemblgenomes.

# 1 EE qRT-PCR IIE RNA-Seq HIZ 17514

org/pub/plants/release-46/fasta/glycine_max/dna ), H#E
FEXH4E SR, SR A FPKM 7 i S 4 S R i 3 0
i, K] DESeq WHERFRAFA T2 5000 A
22 54548 | log2FoldChange [>1, i 3 P4 P-value<0.05
VR BB R I T 56 ) 2 S A M I 5 vk . SR
JUART K62 56 1 52 25 5% ¢ 35 3L I ( DEGs, differentially
expressed genes ) it ¥ 5 £E 1Y GO 4% H #l KEGG i
B, R 25 T RN L A G Y =2 AR W= T g
FERhE T,
1.4 ERZEHEE PCR( qRT-PCR ) %7
BEBLPRIE 7 22 7 IR PR qRT-PCR Jf
50 IE RNA-Seq Fa i 1) 22 52308 3 PR 114 6 PR ik
Ko MR mRNA PGS (R 1), R
P& HiScript Q RT SuperMix ${ILf# qPCR 57 & it
LR, ] Oligo (dT ) 514 B2 1) e 5345 1 cDNA.
GRT-PCR A % 10 pL: 5 pL 2 x SG Green gPCR Mix,
0.2 pL IE 514 (10 pmol/L ), 0.2 pL & [ 5] 4]
(10 pmol/L ), 1 uL cDNA, 3.6 uL nuclease-free ddH,O,
qRT-PCR JZ )i £ % J9: 95 °C 128 ¥ 3 min; 95 °C
10's, 60 “CiB°k 30 s, 40 MEH, L ACTIN (E35
NM_001358090.1 ) 2y N 2, H IR (4 A X 2R3k 7K PR
FH 278 vk m o BT

Table 1 Analysis primers of gene qRT-PCR to verify RNA-seq

ElEA S EmG P8 (5-3") Sl 5175 (5-3") FEH R
Primer name Forward primer sequence ( 5'-3") Reverse primer sequence ( 5'-3") Description
ACTIN CAGAAAGGATCTATATGGCAAC ATTTTCTTTCTGGTGGAGCTAC eS|
GLYMA_02G008300 CAAGCTAGCACTTGGTTGCC GCTCCTCAGACAATGGAGTGG SRR it
GLYMA_07G225400 AACGTTGGGGTGTGGAACTT GACCCTTCACTACGCCACAA L- iRl AL i m] =4
GLYMA_08G213800 TGGGGATCACTTCTTGGTGC TCAGTTTCCTGACCTGACGC =R EZIFIIMN
AT At3g15930
GLYMA_13G064700 ATGTCAGCAGGTTGACACGA AGACGCAAACTCATCCTAGCAA SRR
GLYMA 20G103900  GGAAAGAATGCTCTTTTTCACTCAC ~ CCATACCCCTATCAGCATCACA B2 E A 11
GLYMA_ 09G274000 GATGATGGATCAGCCACCCC TGTAGCACCCTCTTGGTTCC WRKY 5 5EHF 70
GLYMA_17G220100 GTTTTGCAAGCAGGCAAATGAA ATTGGATCAACACCTCAACTCGC TR EIREL TS

FEH R At2g13600

2 ERG5HM

2.1 FFRANFF0R 5 X
I Mumina 2 AR X LA RIS T & R HEAS, DA
AN [RIVVK B RE J1 B 5% | 55K B2 2R SR ACAR BE | B 2 4>

KEAME T E AR T 2450 F, IR A ALZE AT T 22
SRR SR 2 M.t 2 AT S, N 6 ANEE E 3RS
Reads 5 5507 21 24 50200761 %%, B 5L 2 50 4 K
7530114150 5%, S UETLEOT-30°0 46413730 7%, i &
BRAEECE 2 6962059550 4%, iH B 43 LI KT
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92.0%, Q20 {H¥J KT 97.5%, Q30 {HHI KT 94.5%,
FH 2% 3 WAL, 6 AR At B M 5 2 2% SE IR 4 LX)
it RS E A R T 95.5%, ME— B 43 L
BIR T 97.5% , v, ol — B Lo 28] 35 R IX 3
Reads B40H 40 HLY KT 98.0%, b Xt 31 FE A a] X
I E 43 L34 /N T 2.0%, X B/ 8 XSk AY E 4 He
PIRT 97.0% X Lo2k 5150 B 3 55 s o e 4 4y
W 2 Je SR DR o At 2
22 ERREFEEMFIE

K DESeq % 3K ZRIKH4 122 50007 , e 25 5%

x2 HUREE LIRS
Table 2 Data sorting, filtering and statistics

FARFEH ARy - ik 22 74548 | log,FoldChange [>1,
25 P-value<0.05, & BUAS A PR &2 (1) 2 A~ K&
YRR BTN B A4 By Z A 2060 426 5 Rk 5
PR, LR AR X Tom A A2 3 R ACAR BE il ) 44 F (B
CK), 351K F R CABE I ) 42 Fh F, (A_CK ) H14f
TE 1446 N EFFIRILF T IHERL, 614 P2EFRIE
FE FR R (B 1), AR, LLgSIKE R AL
AL 9 22 Fy A LSRR 5 28 Ry AC A B il 1) 4
Pl F, FZESRBHHAZ,

FEdh Reads 4 EEAEA (bp) Q20 Q30 PURII3B:5¢ HIEHAE (bp)  SHUEBTE L (%)
Sample Total reads Total bases (%) (%) Clean reads Clean bases Clean percentage
A _CK 1 51196992 7679548800 97.98 94.65 47273686 7091052900 92.33

A_CK 2 46737644 7010646600 98.18 94.95 43318284 6497742600 92.68

A_CK 3 49420632 7413094800 98.05 94.75 45611544 6841731600 92.29

B CK 1 55550786 8332617900 98.09 94.83 51356458 7703468700 92.44

B _CK 2 43599252 6539887800 98.07 94.81 40292122 6043818300 92.41

B_CK 3 54699260 8204889000 98.06 94.76 50630288 7594543200 92.56

A CK: ASSVRE Z N ACARTRCHI 24T Fis B_CK: DISRIRIZ RN SCARBLHIRIART Fis 1, 2, 3:3MEW¥ER; TH
A_CK: Hybrid F, prepared by weak restorer line as male parent; B_CK: Hybrid F, prepared by strong restorer line as male parent; 1, 2, 3:3

biological replicates; The same as below

*3 Exgeit

Table 3 Comparison statistics

Fdi Jsi) W — S5 B PR DX Al SR R ) X e M DA S
Sample Total Mapped Uniquely Mapped Mapped _to_Gene Mapped _to_InterGene Mapped_to_Exon
A CK 1 45349845(95.93 ) 44350422 (97.80) 43616166 (98.34 ) 734256( 1.66 ) 42373256 (97.15)
A CK 2 41632540(96.11) 40757276 (97.90 ) 40081237(98.34 ) 676039 ( 1.66) 38949162 (97.18)
A_CK 3 43802214 (96.03 ) 42854974 (97.84) 42156003 (98.37) 698971 (1.63) 40969367 (97.19)
B CK 1 49420533 (96.23 ) 48376626 (97.89 ) 47539445(98.27 ) 837181(1.73) 46185419(97.15)
B_CK 2 38668910(95.97) 37850743 (97.88 ) 37243682 (98.40 ) 607061 ( 1.60) 36295059 (97.45)
B CK 3 48631178 (96.05) 47584995 (97.85) 46844144 (98.44 ) 740851 (1.56 ) 45716894 (97.59 )

S S IR TR X B S B 1Y reads EL; ME— I . o VETRE X B S SR A ME— 37 B 1) reads G SEPR XIS o — B
XT3 L PR IX S5 reads LB JE PRI ] DX« 0fE— BB U XS 3103 PRI [] IX ) reads AR5 A DX S S+ i — Bt S5 X 390 i 7 XY reads

KRG B BRSO T S B2 (%)

Total Mapped: Total reads of clean reads mapped to the reference genome; Uniquely Mapped: Total reads of clean reads mapped to the reference

genome to one position; Mapped_to_Gene: Total reads of uniquely mapped mapped to gene region; Mapped_to_InterGene: Total reads of uniquely

mapped mapped to intergenic region; Mapped_to_Exon: Total reads of uniquely_mapped mapped to exon region; The data in parentheses mean their

percentage ( % )
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Fig.1 Volcano map of differentially expressed genes between
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RNA-seq and qRT-PCR analysis of selected DEGs from two soybean cytoplasmic male sterile hybrids F, with different restorer types
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Fig.3 GO enrichment analysis of DEGs between two soybean cytoplasmic male sterile hybrids F, with different restorer types
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91.3%, SIEE N AHCHIAE YR FAH BAE A 25 4>
2R FGRILH, 32 F RIR LA LKL, 5
S B 8 11 S RS /45 R R AR B 2 R/ 5
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F4 FERERM 2 NKEARREERERM F, BEFRIEEEN KEGG EEAT
Table 4 KEGG enrichment analysis of DEGs between two soybean cytoplasmic male sterile hybrids F, with different restorer

types
FHZESIAENEE TR R R
i 1D S 4 g TR T P PAHRRIES
Number of up-regulated Number of dowm-
Pathway ID Pathway Upper level pathway P-value FDR
DEGs regulated DEGs
gmx00040 G A 2 AT T RS AR 1 26 0.0000  0.0000
AHEFEAL
gmx04626 T AR B REE 3 3 22 0.0000  0.0000
gmx00010 WEREAR /S E WK A& 3 16 0.0000  0.0004
gmx00561 R 5w 0 11 0.0039  0.0716
gmx00710 SeB EY T R E 2 e R 1 7 0.0042  0.0716
gmx00910 A [iE=dfwii) 2 3 0.0132  0.1875
gmx00564 H BRI RR A 1 10 0.0175  0.1925
gmx00940 KINERADIA HApb Rk A1 Y 7 8 0.0181 0.1925
WA
egmx00500 TERY A WKL &R 1 13 0.0234 0.2205
gmx00520  ZFEHEAR T IR ek A& 0 12 0.0291 0.2477
gmx00966 BT A A L FABK A 2 0 0.0322  0.2490
WAL
=5 EYREHEEEREBER DAERREERS T
Table 5 Analysis of up-regulated differentially expressed genes in plant pathogen interaction pathway
FEH S B R log, “EALAE L PAE
Gene ID Gene annotation log, FoldChange P-value
GLYMA _09G131500 PURFCHEE T 83 1.090297491 6.29427E-06
GLYMA 08G227200 FI IS / S8 ARSI 22 BRR / I R A 1.536231624 0.008423708
GLYMA_18G083900 LIRS 4314225136 1.03592E-10

3 e

R T A A 1 X e )
T B4 BTG K  AREER = R
SR T RIZ RS, R PR [ A5 4 9 7 A7 AE
BEXER, WIHFE SRR TR R4
Jo WA AT, MR R T 3 2, A 41 i )5
I EDE IR IE = R 23K R R A
0 BRI R AR B AR B, I B R
ST RN A T BT ES MG TR i RAEAR AR
TR P R R SRR VR, 18 R 2
M B PR B 2l (O3S AE R A 0 155, 23R8
SRR , 2SS (O S RO B P R e A8, SR
SR BRI FI ARG, A £ B AT I
— GRS TR AR LR R R IR
H ARG BT, ABFF AR R E T 2 4

R FEYEAT 2450 F, B9 4L, A
Xt LRI 38 0 SCAS BE il R 2 F USSR 3 N
SRR AR F, A2 R RIAEEINZ

AEA5 BE T A G TR S 1T B — )2 EUE W I,
TEF A R A R DR AP AR RPN A AR A
WU MERC TR B o AEBRE Fb 22453 40 0 BE ) 1
TR EAE A TS I PRAIE , R BN 1
IRGANRE R B RHA K RABHE AR &
PR E AR FE A K A R P A SR A Qi
W FEUER & T IR R HEPEA T IR RS 58
R ARG A RIS 2 A K A0
MEPEAN T 2R F) )22 3R IR R T GO 4R, 45
SRR R R AR 035 P SR R A
P BE RIS e 45 A S5 D RE O B 22 5 A
Yy DIRE , X LE DN RESS SAER BE L B ARG, RIS
FER A RE S T A S A RE TN S i ik ] g e 2
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KEGG & #4347, LA FDR 8 ( P {H%F 1FH ) <0.05
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S Z AT 12 F, A LG 7ELLSS IR 304
AP 2Rl F, TR RIS EE K 5] 91.3%., RV
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FATIIR A 2 M ST A 24 Fy 1938 468 A=
550 E R R 22—

FEVEYI T, K2 B0 AN I e AN T 1 7 5 4%
R SE R 20 A 7AE S TR AR EHE AR DG, R A K
TR A T ORF, 208 5 S R BHIE 7= ), DT 52
i) JE& A 119 28 35 K T e ek, 5 30VE ) s B e S
L RS F LA £ R 4R R R
1T 6 2 5 R A0 it o P R R SRR 22—, G
% Ogura Jifd J5i =55 20 A J5 A A B FH G ) ORF138
A, K CMS-T A5 4 it 5 b P 7 AH 5 19
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