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KHB3X pol CMS B4k EERFRIFRIE S

> 1,2 5 2 s 2 2 ) 2 > 2% R 3%
X, ERGS, EELY ARMWS, IR [AEMEY, RXE
C RN KR 5 TRSE, WARREZR 271018; 2 IR BRI\ FBEERSEDI T, 11448 Bt =4 0
R E, ERERS R TR T, FE 250100, A K EGRE B, B 2501000

B E: it PR pol CMS BYEWESEEIER I FHLEL, B IR RS HA, A
H R G RIS Fy AR BREAK, XK pol CMS & MWK A S IE BRI IR 22 208 00T T 20, Ik
IR L RIEAT T 52N 590 ¢ & PCR B0l . 3575 2 826 MR E R RIA, H 441 A BIRIE, 23854
NHRIE. GO UIRETERER ], 255 RS HE DN 3w AR I AN A A T AR A K R A AR
B, MRS SR SRS, AT IR B RIRAMIIEEYE, S 54D d R ARk
BB AN ZH%% . 5 pol CMS 0 AH G (IR T ZRAZRE IR BEA GBI % IRVIBRAME & . RNA
Bifm ST B . FIATE R RT-PCR 45 SRR KA SE R = 200 o PRSI E UK, 17 4 M RRIAER

HH MW E BT,
X8i7: KA; polCMS; BYEWRE; ZRik; S92 = PCR
FESES: S634.1 WERERD: A WEHS: 0513-353X (2013) 08-1475-12

Gene Expression Profiling Analysis of pol CMS Fertility-restorer Genes in
Chinese Cabbage (Brassica rapa L. ssp. pekinensis)
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Abstract: To further reveal the molecular mechanism of pol CMS fertility-restorer genes, digital gene
expression profiling technology was used to choose the F, segregating population hybrid of sterile lines
and restorer lines. By using the F, lines, differential expressions of Chinese cabbage pol CMS fertility-
restorer genes were analyzed and real-time fluorescence quantitative PCR was used to validate some genes.
There were 2 826 differentially expressed genes, 441 of which were up-regulated, and 2 835, down-regulated.
GO functional annotations showed that many differentially expressed genes were significantly clustered in
cytoplasm, organelle, and macromolecular complex etc. Organelles were mainly mitochondria, chloroplasts
and plastid etc. These genes showed exonuclease activities and were. involved in the biological processes

of pollen wall formation and assembly. Metabolic pathways significantly related to pol CMS were mainly
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the pathways of ribosomes, glucose and amino acid metabolism, peroxidase, nucleotide excision and
repair, and RNA degradation. The gene expression profile and RT-PCR results indicate that restorer genes
regulate fertility restoration by down-regulation. Further, four differentially expressed genes were shown
to be closely related to fertility restoration were closely related to fertility restoration.

Key words: Chinese cabbage; pol CMS; fertility restorer gene; differentially expression; real-time
qPCR

MM THEEAT (CMS) EREEME, I TAEARh A A= AR 2 P LA AE J5 T AR HL A7 B
B, BLOH) ZH N BKAE . Bk, SR EEEEYE T GRS 5%, 2003). T
FURW], HY) CMS K22 e GoRiAR I DR A1 k& (0 T ISP BHE ORFs R H LRGSR AL (B4 arp6,
atp9, coxl &) Wi RIET RS, P Z8 v 3 A7 3K PR A 25 DR 8 12 P 00 s 8 2 e DR] Bk 53
Kl Rf (restorer-of-fertility), S5 ANE RIAZH AL Fi 4 KBS (Liu et al, 2012). XEEHMEK
S REDRION e AR AN 5 55 DR IR AR F AT R AR A 3 s K R W R A 627K 5 19955 Leving, 1996
RNA G N, &K (Menasza et al., 1999; k4t 45, 2008) MEIPEFIEIE )G K1 I

(Bellaou et al., 1998, 1999; Yuan et al., 2003 ) . X 1= %5 Fi A & 288 AL EEAE SR W, 3% pol CMS,
nap CMS. Ogura CMS I E MK EZ I Rfp. Rfns Rfo —ABHIEANE RERI #5120 5%
Je BRI AT B, f43 CMS SERI IR SZ 246, k52 CMS I L et 55, 2008).
Kt CMS IAE KB MEWE S — N R AR EAELRE, WARFRRMRIEBIATIRE, WK
SESEPRUANE FE R (P 2 A M S, H AT IRE AT AS e 8 s 2L R ZE A DI LR

pol CMS & Z BRI E R N i) Z A E R, A5 EEDUKIEML, NHAE &
B YK PO D, U HERIWE NI, H AT B S0 4 b 441 ORF224 1)
At pol CMS HEEAE A 55 (LHomme et al., 1997), {H 1T 2R A it 47 35 PR 4 Ak, HL 5 R vl
R IE VA B AE S UF W A8 2 ki A40h 2k ORF224, 1 1] LL S35 pol CMS HEM: A « Yuan 25:(2003)
FIH 10 ANk AR IERHRER X pol CMS = R A{EH 1 mtRNA 4T Northern A7, A Ay Pk &2 L K AT GEZE
B JEKP ) pol CMS JER W RE AT IS . HAT Liu % (2012) 244312 pol CMS 1) Rfp JE R
Aff e A T H 0 RIS A 9 IR — > 29.2 kb [1) DNA B b, JFURUNH 5 AMsIEFE N, FE i 4t
PPR 45 [ 1R 55 DR g A7 T et FE i 52 6 1A

TR R R IE T RAE T JUAE R SRR TR, R RZ B T ARSI 3112 22 A3 R 1 55 DR A
FERIZH BT, MR AR AL T R 474 R (Hoth et al., 2002; Moran et al., 2002; Brechenmacher
etal., 2004; #UE, 2011,

A T A7 KA SE pol CMS HEVEAE KB MW ISR b 22 LRI RIA, W T KK pol
CMS HEVEAT R 5IHE R F, A cDNA Tag S, AT T ap@ sy, 762k KA H N Hrix
e 5 25 0 e RIS FE R D e S AEAN BRI E WS AR AT, el S 58 % 2 f PCR, XHEKR & i
FE AL SR 7 e — SO R ) R B AT RS, M — 2D e 1 S50 B A e . X T
pol CMS #Z R HAERUEMEAT R A BRI 7 FHLEF OIS S s 2T R R R .

1 ARSI

1.1 #7
ANEH R 92A, it pol CMS B 5 WG et st O B R B KA mP 4, &t
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R E T, HAN PR RN S EA R 92B.

WA R 09-399, N MAFLOFE ‘40Pt 15 FIEEmRHELALR.

¥ 92A 5 09-399 FATAAL, B R AVE A B S BAR, s nl §HE (F-F) AR
AR (F-S),

FrARRHE RN 775 28 CHEIR FAEZE 16 h, 4 ‘CHAL 20 d, RGHEFT 22 °C, HJFW 16 /8 h
A FERFR BRI . T b, 3% 7 o dhnitE (MO EREERR, 199D X F R E T E .
SN G RACL R B Z PR AE T )5 40 o A 2 B R RBE R E MR, 1990;
BHE A5, 2012 sRAEXL 25, 2012), FF454 Liu2s (2012) WEIERMI 7, %5 4 i sk
WIBN T B I A AE EE BEA T EORE, 22 BRI R 12 AT H 5 AR EHRINIEH SRR S, WEAF I
(male sterile, M-S) FIFHMHEPKE L (male fertile, M-F).

1.2 HFEEFRIKIENF

KH] Trizol ¥ (JE H Invitrogen) FEHCA T IMATE MMM E RNA, FIH Oligo(dT) ik = 4
sl RNA ) mRNA, S5 & oUE cDNA, SR HET Nialllfgy), 5 RumEH illumina £k 1,
T Mme 1 BD] 3"% CATG R 17 bp HIBRIE, Jf/E 3% HE illumina #3k 2, FRAG W3 IE G AN [H]
S HI 21 bp FREESCIE 4 PCR 9744, H] 6% TBE PAGE JRIFIYL 105 bp I 441 , A Mlumina
Cluster Station ! Illumina HiSeq™ 2000 Z ZEikA T4 7 FE PR Rk 107 o 7 FHR DAL RIS R R Ik
B AF TE. WFIRG RGP A 2:Br 3HEkITA . B8 reads. A RENIE N 1 Tag
P VKR 1 1) Tag S50, RIFHIEAR A clean Tag.

FERRIRERE S KN S IE R 418l %2 (http:  //brassicadb.org/brad/) #H17

FDR < 0.001 HAGH0% 770 2 15 UL EIJER (logoratio = 1, ratio by 22 3RIA M40 b2 RE
IEFEDR W &6 R A S DR R IR K T34 H logoratio k. BEAT Ei /0 A LL M-S 4 %) R

FERTA 22 5 I FE M 1) Gene Ontology 0¥ /% (http: //www.geneontology.org/) 144 H (term)
Wi, TR HIOSEERE, ARG N LATAS S, $H 5 AN LD 20 SopH B AE 22 e A Bk A
o 2 E R FE ALK (Gene Ontology, fHFK GO) 45 H o ZFKI b 1K) P AH &< I RI7E PN FE
AP RIEEAFE R, P EEN, REIERIRIEA R ML), RGBT U4 U B 12 58 PR e
FEAR T RIEAFAEZE S - IR IEJG ) P {H (corrected-p value) < 0.05 32 M4 3% 5 4EH GO % H (Audic
& Claverie, 1997). GO RFEAT 3 ANAAK, 2 BB IE K BT AL 40 B A (cellular component) 43
T Iife (molecular function). Z5HAY) it e (biological process) .

FIHAE R A ILHAE E KEGG, NHE LS, 58 BER 411 Sobf LA 22 e R s
PR] P J 5 AR IR IE i (pathway ). Q fH < 0.05 & Sk i 25 ' S 1138 % (Benjamini & Yekutieli, 2001) .

13 EFRFTIEEERERKEEE PCR WIE

JIT 36 (10350 53 Yt o DN - B 5 R 48 B T 8 DD AR DG 1) 2 S IR JE DR T (M 5 1) W& 1. Trizol
FEHERURE S RNA, A TaKaRa [ H 4 DNase I 2:F% DNA, Invitrogen [¥] HiFi-MMLV ¢DNA £ —%# 5
BORFN AT Rk, M RITEBEA actin NS EEER, Bio-Rad CFX96 %€ 7 PCR (Wi
1T PCR o H Ultra SYBR TVRAARBEATY . 154K KR Ulra SYBR TVRAAR (2x) 10 uL; I
Wenl4) (10 pmol - L™ 0.4 uL: RS 14 (10 pmol - L) 0.4 pL; Kk 2 pLs AN K 1 2548 /K 420
PRBL20 pLo LBy 20 BEREVRH AR E MO, SR 27T AT Bt (o M s i . 3 IR e
H: 95°C 10 min, (95 °C 155, 60 ‘C 30s) x40 MiEFR. F DPS #AF D HTFREA (] (1) 22 5 B 2 1k

S MBI I N LR & (1) Fy BRI R B R S 0] Rk 2 a) 25 5 360k i 2%
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(2) AERY R R P AT R AR RIEZERARE; (3D F M F BEAT AT R R R IE
I TAE RARE R L[

R1 ERFEEEAMREEE PCR SH5I0F1%

Table1 List of primers for real time quantitative PCR analysis

BT 5147 %1 Primer sequence (5'-3") PR fbp
Gene EM 514 Forward primer J 514 Reverse primer Product length
Bra002004 AGAATGAGGCAAAGGAGCTTC GTGAAACCCAGTGACAACTGTC 116
Bra002401 AAAAGGTGCTGGAGTATTGCTT TCCGTTCGTGGCTGTAGTC 119
Bra008648 CTACGTGAAGGAGGAACAGG CTTCTAGCCGTTCGATCAAT 103
Bra009254 TTCGCCATCCCTATCTCTGT TTAACTTTGCCTATCGTATCCTTAATTT 150
Bra012815 CAGGAGCCACTCGTTTAGTTTATC CTTCCGCCTGGATTTTGTT 126
Bra015480 CAACTGGGACAACGGTTACC TGCGAAAGGTGGAAGTGAG 109
Bra016531 GCTGAATACGGCAACATCAA AGGGATTAGGTCCAAGAGATCC 88
Bra020880 TGCCTTCGATTGTGGACTC TCAGATTCGCTTGGTTTTACG 81
Bra021710 TCAGTGACGACCTAAAGCTCC TACAGAAGCAGCCCAGTTTG 146
Bra027246 TGGTATCGGCGTAGGAGG GAACCGTTATGGGAGGGATT 83
Bra028691 CAATGGCTGTCTCCCTCATC GCTCGGCTTCTGGTTTTG 141
Bra032610 ACTGTCACAAGACGGATAAGGTTT AAACCGATGCTGGAGATTTG 108
Bra032631 GTTTAGGCTGTTGGGTGTTATT CGCTTCTCTACGTCCTTCATT 82
Bra035604 ACAGGTGGTCGTTGATTGC CGAGAAAGGCTTGTGAGTCAC 131
Bra036646 ATACCAGATACGGAACGAGTACG GACGAGTCCAGCCATCGA 103
Bra038691 TCTTCAGCGATAAATCCTCTTGT TCATCAAAGGCACCCTAATAGG 115

Bra actin GAATCCACGAAACAACTTACAACTC CTCTTTGCTCATACGGTCAGC 131

2 HiIR5 0

21 MERMFERREEFEEENE

i pol CMS ANEMEL 92A 4305 57 4y AR RIAT TIEC, M 57 Mkl fEs T mmaE
PEMK ST FE D AR 09-399 CHIAGLL LK SR AN ‘40t 1457 EE M) F 09-505-2 Cphysh[E A
FSah R AR TREmoR). 09-399 5 92A JACH) Fi ARMEARAE 58 v, AR L. FERE
MR AT RAE, e T ER (B Do H R AAE MBS R 3:1 208 CAIH# 197
PR, BB S2 ¥k, £*=2.25, yo0s =3.84),

NS TREFR F F-S F-F WAL R

Restorer lines

Sterile lines  Maintainer lines

B 1 TER. RER. RER. Fi. LAEK (F-S) RFTEK (F-F) RBEGRLLE

Fig.1 Mature anther comparison among sterile, maintainer, restorer lines, Fi, Fj-sterile (F»-S) and Fp-fertile (Fp-F)
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2.2 MEFELERF0 reads BIESLS

B EM M-F FIA T i M-S I J5 345 1 J5U4h reads LFRAEE G, 730195] 4 610 440
F1 4 454 404 4~ clean Tags, 7 JRUEEHR T 96% LA I (58 2). S adT & MK Rt AR & ith 43 54
833 654 Fil 1203 114 /> Tags LLXTEIK ISR MIEER -, 3 115 698 Fl 2 686 465 4~ Tags 43 7 LU X E K
LR A . K ASEIER )75 5 34 41 173 4 unigenes, 7 22 LU 21 R L K 43 731 /& 20 970
F22 1154, 5 RERSH R EER 50.93%H1 53.71%

R2 NFERSBER

Table 2 Summary of reads number

Reads 4} Reads category 1k 52 1t Male fertile ANFH it Male sterile
J5i4f reads  Raw reads 4772210 4630192
clean Tug 4610440 4454404
Fif e RIER LK Tag  All Tag mapping to gene 833654 1203114
SENLBI N EATSER 1 Tag  Unambiguous Tag mapping to gene 657408 938837
Tag ERT ML EL  All Tag-mapped genes 20970 22115
Tag ENLIINREWIHG K%L Unambiguous Tag-mapped genes 17581 18647
SERLFIELIZ1H Tag  Mapping to genome 3115698 2686465
A4 Tag  Unknown Tag 661088 564825

23 ERFREERNLSH

DUANE AR, EE M MAIA G2 ML IES] 2 826 2 mRis kR, HiH 2 309
AL DIREARE, 517 DMEERE A M IRk, FREIER 441 4, TNHERAIER 2 385 4~
BIEAE RAALL, 84.39%[ 2% e RIS R FE G R b F K IA .

7 logy (M-F/M-S) =10 (ZESMEEUR 2'°) 137 N 2 Rk IR p A 29 A4 Fifg
IREER, 8 AN TFIHRIAIER . R RIAEF I AAE (B 2) WaTLIEH, B F R 1%L
IR 2T IR, H BRI EE RS X Rl Y RIEEY 1 1 ORI i s B 2 T N AR
FEDH, R BRI N 2 TR R R I

mmm DifFIEFEH]  Up-regulated genes
e Fi#ERZEH  Down-regulated genes
3 w5 RIEIEH Not DEGs

Sk AT

i 3 i

NgZ

93723 1r

E35E

# 23

E52 0

s =.58

=

@ FDR =0.001 |log,ratio = 1]

2 -1 0 1 2
FERFEX BIM-S R L 2 J5 i feik it

Normalized expression level of genes in control M-S

'
]

%]

2 M-FIM-S ZRFiEERFHE
Fig. 2 Distribution of M-F/M-S differentially expressed genes
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24 ERFRIEEER GO ThREFK i E ZMHEEST
241 ERERALAGGOH I E LG EnT

GO Jjf E%ﬁ*%“ﬁ(@3)%% ZE S ARIEHE R 25 AR AN AL B D A0 BT, A0 8
MBS Ky AW EALE, P AN aS A B AR R AR HaR . PR Rs, 25 e Rk gk
P Bl N R AR TR F IR . TR 2 R R R I R e 2 MR, AT 693 Mk
PRIZE ek, Bt PSR/ AE A, BV P ) e 21 ) B DR 22 S RIS MR de K. 2257
RILFERZ 5 1) T80 T DS R R MBI (RS %, A7 1) 22 S A BE DR B 3l el 1 R e ik 45
ﬁTTEO%%%$%ﬁﬁ£§%%%%%%m\%%Eﬁ&ﬁ%%*?i%%ﬁﬁ%ﬁ%,i%

WL R RE R E A

O i down-regulated
W I Up-regulated
375 - ERAMIIBE T

|
Cytoplasm ‘ g 3°-5’ exonuclease activity
2 PRS- BRR FLER Y
o =
G R = PRSI e
acromoleotiiar ,L; Exonuclease activity, producing
= complex 3 5’-phosphomonoesters
g 4 E o
2 Chio P = e 5" R R A
£ g RS MR e
3 R Exoribonuclease activity, producing
° JrigN:y " ,
i; Plastid envelope & 5’-phosphomonoesters
o
o) 3t 375" - RRE LIRS MOIBEA
ﬁﬁﬁ:irﬁ :| 37-5” exoribonelease activity :|
Hf Plastid stroma
ja
% i AES 02 4 6 81012
= Organelle envelope 2
i 3
ZFINES a BB
. . = B EE
Mitochondria A Pollen development
[}
i £ ALY 2125
Organelle Cellular component assembly
2
R4 2 TERYRESS R
Plastid part et Pollen wall assembly

f=1
w

10 15

f=1

200 400 600
Z R FARIF L E Number of differentially expressed genes

3 ERFTEEEMINES K

Fig. 3 Functional categorization of the significantly differentially expressed genes

242 FHWKRE T EFRELRGEIL (pathway) REMHE E0H

W T AT B TR — 20 T 22 SRR FEIRAE & M S B P 1 AR 2 T R AN R TR 2 )
A FEAER . EABREHEKE A cDNA CFEZ A3 12 408 B E % (K 3). &k
e 2 R RIA RN R 2 N — &l s, T2 TR TN R0 F0E O TUK#E
A 45 NZERFER, LEThREEIEN . WO S E B T A G IR . SR AT DGR B I
S S RRE RN H BRI s S 42 AN R RIAIEN, EEIhRE SN . RRE . SRR TR
MR . SRR PRI DIFR 1B Sl % ) RNA PRl St 111 N 2E il i
I, EES T IR AR IR S IR IR k. 2 BB 2 MAS S 2id
R skpl, 4 ADPEKEG Rl 8 E IR & —AN 2 5 RAMNEBHME S0 5L UVR3 (UV REPAIR
DEFECTIVE 3: SAMNEHURIEH 30
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® 3 EFRIEREREEMEESNIIR

Table 3 List of pathway enrichment analysis

LIHRIRREN S AR

W ,IE; E%:iii%w B The number of The number of
Pathway differentially expressed uP-regule':tted d?wn-regulated
differentially differentially

genes expressed genes expressed genes

hE{k Ribosome 74 3 71

RNA [%f# RNA degradation 35 7 28

ZFENFIE A FKAE Ubiquitin mediated proteolysis 45 8 37

BT Circadian thythm-plant 34 9 25

WETRAR /5 5 A /EH Glycolysis/Gluconeogenesis 26 4 22

AR VIFREE Nucleotide excision repair 23 3 20

JWEFIH #5 HEC 4 Fructose and mannose metabolism 16 7 9

WA YIEFR Peroxisome 25 3 22

E4&%¢ Circadian rthythm-mammal 8 5 3

HEAR. 2ZARAIZAIRICY Glycine, serine and threonine metabolism 14 0 14

HEEY ﬂ‘Jﬁ%r’lﬂi Carbon fixation in photosynthetic organisms 21 1 20

ety - RELH A Photosynthesis-antenna proteins 7 0 7

25 ERREEAPHEREATF

WSS KRR AR, A N ERFISFER IS w152 MEx R T, HazER
FIEIEANMN 5.38%, HA L 17 M HEERIE (R4, AW TFIHEE (S5 PR HAR 32 4,
B 5 k8B VIR s 1) o H EIRFRIK R P rh 2 AW S MR BRI
FY)MITE, Hln AMS. MS1. MYB103. MYB (Bra036412). bHLH K& 1. Dof PR
HAT22. SCHLAFMUTZE (SMZ) %, H+ AMS. MS1. MYB26. MYBI103 5282 K H A %,
X SRR R R A RAR, il Be S E8UE KB 5% (Zhao etal., 2002; Sorensen etal., 2003).

F 4 LIARFRETIIR
Table 4 List of up-regulated transcription factor

L FE A ARIE KT FDR & E {8 LR ERE

Gene Differential expression level FDR value E value Gene annotation

Bra002004 11.814 1.70E-47 0 MCE /MEFIEK Aborted microspore (AMS)

Bra027101  2.802 7.68E-07 1.79e-160 R IF NAC Z5 8 11 025 Anac025

Bra035604  5.924 1.30E-32 2.22e-134 MYB103 #3FF MYB103

Bra021515 1.734 1.59E-20 8.57e-138 MYB26 %3k FF MYB26

Bra021711  4.127 2.18E-54 9.09e-151 bHLH % %% bHLH family protein

Bra015480  6.071 1.92E-75 0 bHLH ZK %4 1 bHLH family protein

Bra021710  6.142 2.89E-77 5.96e-150 bHLH FK % 1 bHLH family protein

Bra013041 1511 0.0001 0 bHLH FK & 1 bHLH family protein

Bra011087  1.172 0.0003 7.08¢-180 K4 EH7) Unnamed protein product

Bra010612  3.027 4.78E-10 1.76¢-99 HAT22 ¥ 5 FF HAT22

Bra021117 ~ 2.305 4.36E-06 3.18¢-98 AT TG - 3 - LR TAA19

Bra002401 10.393 1.78E-17 0 HEHEAT AR 1 Male sterility 1 (MS1)

Bra016531  4.423 4.96E-40 4.23e-73 Myb K& 5K Myb family transcription factor
Bra018270  4.239 1.22E-42 2.34e-141 e #3657 bHLH10 Putative transcription factor bHLH10
Bra007123  3.195 0.0009 8.77e-124 DNA &4 % 5[5+ DNA binding transcription factor
Bra020880  9.993 3.15E-13 3.52e-25 Dof B BE4R 45 #I4 EE 1 Dof-type zinc finger domain-containing protein
Bra004288  2.989 4.77E-07 4.55¢-121 BEHREE MR 1 Zine finger family protein

i ERRIEKFHlogRatiok~, Ratio= (F»-F) / (Fp-S). N[,
Note: The differential expression level is log,Ratio, Ratio = (F,-F) / (F»-S) . The same below.
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7E 135 N NARE RN T, WHTZ5RRE REA RMEEILR, #i0 agamous-like
MADS-box. AP2 [RIVEHESZZ IR BB 155 2 S 5L A K ABC J 52, EMF2. DDF1. ATFYPP3
1 AFO W 246 K B R S Mk i e sk DR 7 3 1A

x5 BATARRETFIIR

Table 5 List of a part of down-regulated transcription factor

e
I LHRBAY porgg Ef SEPVERE
Gene . FDR value E value Gene annotation
expression level
Bra000378 - 1.538 5.97E-09  6.39¢-99 SEHAEASE  Abnormal floral organs (AFO)
Bra017980 - 2.640 591E-05  1.88e-178  fMJF NAC Z5HIE I 062 ANAC062
Bra028291 - 8.190 9.57E-05  9.86e-69 AP2 Ziflik &1 AP2 domain-containing protein
Bra025720 - 1.926 531E-05 0 AW NR T 19 ARF19
Bra028110 - 3.488 6.89E-11 0 AEACER WA A T 8 ARF8
Bra000680 - 3.312 0.0005 2.25¢-96 MYB6 #3% K MYB6 transcription factor
Bra015646 -3.109 7.24E-05 2.40e-158  BMESEE IR I HE R G 5k T bZIP family transcription factor
Bra026963 -2.758 1.29E-13  5.87e-90 %/ MIEIRITAEHRN 1 DDFI  DWARF AND DELAYED FLOWERING 1
Bra016763 - 2.633 7.87E-13  3.46e-63 /N GEIRFFAEIER 1| DDF1 DWARF AND DELAYED FLOWERING 1
Bra014191 -8.738 1.11E-05 1.13e-46 DNA 455 ¥ 3 [A 7 DNA binding transcription factor
Bra003969 -2.181 3.25E-26  4.67e-82  DNA #i{3%KJ)k#H DNA-binding family protein
Bra032610 -9.132 2.05E-07  4.07e-67 HFR1 ¥ XF LONG HYPOCOTYL IN FAR-RED
Bra017489 -1.125 4.16E-05  2.30e-107  [FYRHESEZ R4 1 Homeobox-leucine zipper protein
Bra033844 -1.517 1.54E-06 8.88¢-139  DNA %% 5%[K - DNA binding transcription factor
Bra012815 -10.29 1.35E-16 0 Myb KR T Myb family transcription factor
Bra004593 - 8.658 2.13E-05  2.98e-95 Myb Fik#5%KF Myb family transcription factor
Bra036412 - 8.488 8.02E-05 6.77¢-179  Myb FKik# 3 [KT Myb family transcription factor
Bra011749 - 8.739 L.11E-05  7.86e-143  MYB73 #3%[FT MYB73 transcription factor
Bra000308 - 2.166 1.30E-06 0 RWP-RK Z5 43 # 1 RWP-RK domain-containing protein
Bra008309 -3.167 4.10E-05  1.06e-154  NAC #ifyish 4 14 NAC-domain protein 14
Bra006015 -2.781 428E-18  9.17e-155  NAC 4ify¥# 1 5-7 NAC-domain protein 5-7
Bra028645 - 2.066 2.69E-10 1.03e-158  NAC #5#438# 11 5-8 NAC-domain protein 5-8
Bra006165 -3.778 4.59E-14  7.43e-81 BE®EA  Predicted protein
Bra040974 - 2.841 6.09E-16 0 iz C2H2 TEE44E 1 Putative C2H2 zinc finger protein
Bra024875 - 2.110 5.58E-09 0 RGA-1282E 11 RGA-like protein 1
Bra026999 -3.675 1.61E-20 0 scarecrow [ F FKRHE 1 Scarecrow transcription factor family protein
Bra003311 -3.453 0.0002 1.28¢-175  scarecrow s[RI FXKIiKE [ Scarecrow transcription factor family protein
Bra014802 -2.471 1.39E-08 0 F-box FKJk#H 1  F-box family protein
Bra003239 -3.842 7.15E-15  2.85e-111 ~ WRKY #43%[A7- 70 WRKY transcription factor 70
Bra020709 -3.167 4.10E-05  1.26e-149  #HIRLSMKIEE  Zinc finger family protein
Bra003194 -3.120 3.61E-15  1.22e-113  FHE4HKEE  Zine finger family protein
Bra020261 -3.331 5.52E-15  3.27e-104  BHR&5HEH T Zine finger protein-like

26 WHEEMEXNERKEEELMNIKKESR PCR (real-time gPCR) IGiE

N T DI IR G 1) ZE RA BE R S A OC, I 16 N ZE SRR, HE 10 DML
Ty 6 MEICRE MM EEILR, R IXLILF PRI 51Y Gk D, SAXNAT R REER.
WEZR . Fi LUK Fo 2 BSREARI AR 352 RNA, LL B, AT BRI, 54T T real-time qPCR
k. BR Bra012815. Bra032610 3% 2 NN TR B PRI ERHAT T ARIE, HRE LK.

gE (R 6) KW, 7E Fp AU B AT, B it LRk R N R B Py ARE IR R MR
T R MIAE, FRREERIEEHERER TR TAEN, JF R RIAZE B3, X
HRIEEM PR —8. SR NE: FRRIAERAEWE RZAF X 2 AN G A Rk E S
F, P E MK SR EAMF, BT ARE &M B PAE R I A G RA P LR R L&, R
h B 2 A FIREEN (Bra012815. Bra032610) 7EVKE R F, 2 Mol HRHAF I RILES F,
E MR SR AEAABAT ], R TAT /A F, PAFEHRIX AR )RR R A 5, RIN
hFRIE, HRIAZESMEE . RERNERESILETAMEIAR, ANEE LIRS LT HRIAR
R, SAERAAAL, bR R PRI LiRRE.
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Fic R ANFEAS (1) 5 DR 2 R 25 B 0 UE R IR (R 3R 7KF, BOE T 5 8 PR DA DGR DR (R i 1k 732,
7E 16 /22 RIS L, Bra008648(DNA 1& 5 & 1 RAD23: DNA repair protein RAD23). Bra002004
(AMS). Bra009254 (1¢¥yEe 4 B4: Pollen coat protein B4). Bra027246 (ATA20) iX 4 ANFEIK]H
P, S E MRS B U R B .

* 6 HAERREEBRLFTAEER PCREIE

Table 6 Real-time qPCR validation of the different expression genes

ZERRIB IR AN R IE H# Relative expression levels of differentially expressed genes

KA
Genes RE R TR UEES F B El  FhREE
Male sterile lines Maintainer lines Restorer lines ! F,-F F»-S
Bra002004 1.68 ¢ 522a 543 a 349b 2.02¢ 1.00 cd
Bra002401 1.50d 370 a 2.64b 2.67b 2.02¢ 1.00 e
Bra008648 1.18 de 1.29d 9.78 a 2.96b 2.6lc 1.00 e
Bra009254 1.66 d 16.41b 44.04 a 11.70 ¢ 14.47 be 1.00d
Bra012815 1.17b 144 a 034 0.51d 0.491d 1.00 ¢
Bra015480 1.29¢ 4.58a 295b 2.67b 1.71¢ 1.00 ¢
Bra016531 0.86d 2.87a 1.54 ¢ 1.58 ¢ 1.44b 1.00 e
Bra020880 1.61d 448 a 3.61b 2.89¢ 221d 1.00 e
Bra021710 1.33 c¢d 395a 2.67b 2.48b 141 ¢ 1.00d
Bra027246 1.82d 20.55a 15.85b 8.03 ¢ 8.84 ¢ 1.00d
Bra028691 1.65d 7.80b 22.82a 642 ¢ 591c¢ 1.00d
Bra032610 1.25b 2.71a 0.69 d 0.78d 042e 1.00 ¢
Bra032631 1.01d 354a 1.26 be 1.39b 1.14 cd 1.00d
Bra035604 1.28 ¢ 384a 2.63b 1.56d 1.75¢ 1.00 f
Bra036646 0.89d 371a 1.84b 1.65 be 1.26 bed 1.00 cd
Bra038691 1.55d 4.84 a 2.61c 4.12b 3.57c¢ 1.00d

e FERMRRIEKT R 3 IR EE M T-BIME, av by o B/ FRMEE P < 0.05 1927 BE KT

Note: The values indicate means of three biological replicates + SD, a, b, ¢, drepresent significant differences determined at P < 0.05.

3 e

W], CMS RGJLT-# L Zebi AR FE KA TP AFAE IR E . “ 2R WA FEERIRIB SR
CRZE AF, 2007). A TWFERFAEIPLEL, A PIRAEN 2 P S3 FE DI Skl A IR A1 o e
CMS SRk oy — R I FE M2 2 1E CMS SRR AN e FREE ) ek b . H BTt
S5 R UT-HBSCHFH —RUH . AW i =i AT, AN B IR M 5t T A 0 38 )
FEARIE I 84.39% R & T AL LN, 145 SRR T NI EE — 2R . WFSCR I A E
FEPRERE R, W R M ae AR, W SRR AR AR N (PVH K 28, 2000).
ASHIFFE IR it A 70 s 40 0 A S /N T B, AN E SRR R R R S [R5, I W
PEASHR R SR IR YT, AR SN SR 2, i AR A S XS I A BT ) R i SR s K L Eas . [
HIEW B MR, AF R HERME - EAHRRER KR LRRE . SAFRP IG5
WJE, &M EREREEEg R ATRE T, AFR TS, AFTE T H SRR L
FILIER IR IE Rk, IS AT R R R T IR AL ) E e 2 T FiEREIER .

FEAMTFORAF ) 22 e R LR, BUAR N A SR S i i 2 T ERRASED, HEd gt
RN, FEmFEERFE IR, RS R S e KT R Rk i B A o 3l BE PR
RINAXLEIL K] 22 A 1K R I R IR GBI TR, SRR — EUR AR RAR, w2 P EUEMEANH - 41 AMS
(Xuetal., 2010; Maetal.,, 2012). MS1 (Takuya et al., 2007; Yang et al., 2007). AtMYB103
(Zhang et al., 2007; Zhuetal., 20100, MS2 (Zhang et al., 2005). CYP703A2 (Marc etal., 2007)
2 ACOS5 (Clarice et al., 2009) %, g [K T AMS. ATA20. MSI. MYB. bHLH. MS2.
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LTP. AAT. CAT. ABC #iz i 554 R AL 25 R B A M 48t ) 53 (Takuya et al., 2007; Yang et al.,
2007; Zhangetal., 2007, 2010; Zhuetal., 2010; Maetal., 2012), AMS Fl MS1 1] fg &A% L i
HREAEM (Xuetal.,, 2010; Wanetal.,, 2012). KA AL m=E B 1R R RAEAS
BT ZE] orf224 AN, RIBIKFEIEAC T ol Bk, IR EERIIH] orf224 FRIL )G, XLEA0H K
B 1A DI R U P A2 B 1E 5 Rk KT, RN FIRERIE . DRI IX A 72 S R ik R TR R B A A 2
FEIRFEDR TP T o B LA EUARASK, (HRTREXS & PR = AR RIS B T B E A . A e
AT real-time qPCR B ik, 48 DAL e R SE RN 32

Real-time qPCR il i {R¥E R MR IE SILE A M EIA R . BEFURE, ZoRiiAmT DU 5 1m 7
PBRZIEHN I FRIEN- T E R SR Rk, 2007). BFIUHEN A TP ZRE 2 IRFFR N
B0 0 5T SR AR IR 22 Sk IR I . RFF R IAZIE DN BAR 5ANE RAH, W BED ) 4 4l 5 1)
rfprfp, (AE AR, AERURIFRZ T MU FHE ORFs. fREFR b I 3L
RYRRIL, WTREIE AL T IE R A TS AN E A AR R, AR T AN B R 40 e o S
A i S 5 DR 1) 40 A 2 T P s A Qs e o

Pol CMS &K% i AR FI 45 B, i 2Rk SRk % i 3 ANtk RS IL RS M CGIRIFHE 25, 2004)
DIAERIIEST, K2R cDNA - AFLP HiARG IR FF R 5AT RZE P ZERELE (B/hE, 2007;
o A, 2009; REH] 4E, 2009). AR, TR 2500 M STAS B ARh A 30 e 08 S e A8 sl A 4 i 2%
AR A TN, RAAE R IR RAAT T, SR 22 e B A A 2% 0 1 2 40 M o I
PEAE “BIER” (s eRski g, 2007), RS2 2 )56 4 0] DL g iR A s o ABIFFUER
—URRNHBC P IR NRIA R, EHWE R SAE RN F AR Bk, 760K AL R AL N b T
AN R B MW JE 1) 2RISR RIE . 45 FR W] pol CMS L RARASE FEH orf224 MR IEBAZ K
FEDK Rip W5, ANE R 5Z orf224 F3K 745 T N B IK (1 R AT DAV BRI R RS,
12852 orf224 38 P~ Y HNIRRIE (1 OCH R DR K 52 ok I 0B 7K, R BRIk . TR E T
WS, WAKESY. el MRIEE SEMATDCHER S, DO eh K&y
AR R TR Ko B real-time qPCR WAF%5E T 4 N5 B MR 2% VI S 2 RIS, an it
HE—20 TE X B LY, JEXT IR EIE A2 S DNAL RNA 7K LU I 48 ik BEATRESY, 7T LA
IXEEILRITE pol CMS fe# K B I B I BARVE T, X iE—0 TR K R, Rt A g iiee
AAEEWBEESE X,
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