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Differential proteomics analysis of fertility transformation of the winter rape
thermo-sensitive sterile line PK3-12S (Brassica rapa L.)
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Abstract: To reveal the fertility switching mechanism of temperature-sensitive sterility line PK3-12S (Brassica rapa L.), the dif-
ferentially expressed proteins were isolated and identified using anthers of PK3-12S in sterile/fertile conditions by 2-DE and
LC-MS/MS mass spectrometry. The expression level variations of differentially expressed genes were examined by RT-PCR in
PK3-12 flower buds during sterility/fertile development. The result showed that the sterile anther size of PK3-12 was small with a
little abortive pollen in the anther room under high temperature. The trait of fertility transformation was controlled by a pair of
recessive alleles. There were 31 differentially expressed proteins with more than two times of the expression level, including six
protein spots with increasing expression, 11 protein spots with reduced expression, 12 protein spots with complete inhibition, and
two protein spots with induced expressed. Fifteen differentially expressed proteins involved in the cellular processes such as sig-
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nal transduction pathways, glyoxylate and dicarboxylate metabolism, glycolysis gluconeogenesis, biosynthesis of secondary me-
tabolites, biontheses of amino acids, chorismate biosynthesis, and carbon metabolism pathways were identified by mass spec-
trometry. The BrrbcL gene, encoding a Rubisco subunit-binding accessory protein, had an open reading frame (ORF) in length of
1095 bp encoded 364 amino acids. Compared with fertile anthers, the expression level of BrrbcL gene, annexin gene (ANN) and
BetVI allergen family gene (BetVI) was significantly down-regulated during sterile anthers development, which indicated that
these genes maybe participate in the fertility transformation of the thermo-sensitive sterile line PK3-12S.

Keywords: winter turnip rape (Brassica rapa L.); thermo-sensitive sterile line; proteomics; gene expression
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1.2 ORTHOLOG) ,
121 & XA &K PK3-12S M B SWRAF K 124 @RXBLHE Brrbel AR L%
Ko 5 , RNA,
s 1,-KI , PrimeScript RT reagent Kit with gDNA Eraser
3 D : (TaKaRa , ) ,
, , IL-KI :(2) cDNA, ,  —20C
, [,-KI ;(3) GenBank
, L-KI rbcL s Primer Premier 5.0
1.2.2 &G KA & X PK3-128 #4545 47 , rbcL-F: 5'-ATGTCACCACAAACAGA
PK3-12S , QX6-2 GACT-3', rbcL-R: 5'-CTACTCTTGGCCATCTAATTT-
QX21-2 LX2-3 , P 3 ,
, 74 ’ ¢DNA :
, F, BC,, RT-PCR , 94°C 5 min;
F, 100 i 94°C 30 s, 57°C 30 s, 72°C 78 s, 35 ; 727C
123 @XM LmME PK3-128 #FEFgpRy  10min 4°C 1%
2D ik B 5 k%R TCA- ; «C )
PK3-128 0171 Bradford DNA
(18] : pMD-19T , DH5a
(IEF) 17cm  IPG , GE Healthcare ’ > ’
, 900 pg; PCR s 3
12% SDS-PAGE,
Powerlook 2100XL o125 AXRALMFBHRE A PK3-12S ZF K@
PDQuest 8.0 , LA ]
: 3 ( ) ( ) (
) MALDLTOF-TOF MS ) RNA, ¢cDNA, cDNA ,
Uniprot Knowledgebase (http://www.uniprot.org/)
NCBI (http://www.ncbi.nlm.nih.gov/)  Gene Ontolo PK3-128
1, ¢cDNA (MR )

gy Database (GO)

KEGG (Kyoto Encyclopedia of Genes and Genomes)
Automatic Annotation Server ( KAAS) (http://

www.genome.jp/tools/kaas/) ,
BBH (bi-directional best hit) ,

, p-actin (Act-F: 5'-TGTGCCAATCTACGAGGGT
TT-3"; Act-R: 5'-TTTCCCGCTCTGCTGTTGT-3")

, PCR RT-PCR
(Analytikjena PCR )

, KO (KEGG , , PCR SYBR Premix
*1 ESFFEEATESY
Table 1 Primers of some differentially expressed genes
Gene Primer sequence (5'-3") Product length (bp)
Rbcl F: CAGTCCCAGCTACGACCTTCT 134
R: CCTGTCTCCATCGGTTTGTTT
Ann F: CCGGAACAGACGAAGGAGCT 169
R: TCACCGAGAAGTGCGACGAG
CTIMC F: CAGCCCAAGCTCAGGAAGTA 166
R: CCACCGACCAAGAAACCATC
Bet VI F: CCCCACTGGTGAAAGTATCGG 138

R: CCTTGGGAGTAACGGTGATGG
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Ex Tag II (TliRNaseH Plus) (TaKaRa , , s ( 1-A);
) PCR, R R S
94°C 2 min; 95°C 55, 60°C 35 s, 40 ;95°C 15 s, , , ;
60°C 1 min, 95C 15s 96 ( 1-B) ,
3 28 , PK3-128
ACT( ) = CT( ) — CT( ); 32.14% 28.27%,
AACT( ) = (ACT ) - 2.2 PK3-128
(ACT ), (relative quantifica-
tion) =2 240 ) 2014 ( <25C)
PK3-12S 3 F, F, BC(C
2 BR5HH DR ,E
2.1 PK3-12S , / 3 1
, PK3-128 , 3 BC, / 1 1;
, , (2
A
B
1 BRBLHEAYHTE Z PK3-128 T 5 (AT B (B) LRSI LA

Fig.1 Comparison of fertile (A) and sterile (B) flower morphology of thermo-sensitive sterile line PK3-12S in winter turnip rape

®2 PK3-12SAERHREMRM
Table 2  Fertility performance of PK3-12S combinations

/
Number of fertile plants/

/

Number of sterile plants/

Separation ratio Chi-square test

Combination plant plant
F, F, BC, F, F, BC, F, BC, F, BC,
PK3-125xQX6-3 26 65 34 0 21 36 3.10:1 0.94:1 3:1 11
PK3-12SxQX21-2 31 86 63 0 31 56 2.77:1 1.13:1 3:1 1:1
PK3-12SxLX2-3 42 47 39 0 14 32 3.36:1 1.22:1 3:1 1:1
2.3 PK3-12S 4.0~7.0, 9.0~100.0 kD
2-DE , 296 ,
PK3-128 2-DE 278 ,
(20°C/15°C) (27°C/20°C) 2 89.0%
, pH4~7 17ecm IPG , PK3-128
, G-250 , , 2
2DE  ( 2) PDQuest8.0.1 31 6
2 , n 12



10

PK3-128

1511

pH4

SDS-PAGE

pH7 pH4

SDS-PAGE

B2 BRELFHRESTER PK-2 AENAE)REFRERAGE)EEEEL W EEKEE

Fig. 2 Two-dimensional protein electrophoresis profiles between period (left) and sterile period (right) of ecological male sterile line

PK3-12 fertile flower in Winter Turnip Rape
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Table 3 Summary of differentially expressed protein of fertile period and sterile period in PK3-12

NCBInr

. . Regu- . . Protein score
No.  Accession No. Protein name Plant species  Protein MW
lated Pep. count  CI (%)
1 AO0A078JSUIL 3- -1- +  Brassica napus 55720.4 18 100
3-phosphoshikimate-1-carboxyvinyltransferase
2  MIF2H2 1,5- / —  Brassica oleracea  47858.1 10 99.999
Chloroplast ribulose-1,5-bisphosphate
3 AOAOD3E3Z1 A B —  Brassica oleracea  45214.0 17 100
Succinyl-CoA ligase subunit beta
4  MA4CHC2 —  Brassica rapa 42368.6 16 100
Phosphoglycerate kinase subsp.
9  MA4F009 —  Brassica rapa 37045.8 15 99.618
Annexin subsp. pekinensis
11 AO0A078GNP3 —  Brassica napus 72670.1 12 99.821
Thioredoxin reductase
12 M4CN89 —  Brassica rapa 30584.2 10 100
Ferritin subsp. pekinensis
16  USIBVS +  Brassica oleracea 17916.5 9 100
Glutathion-S-transferase taub (fragment)
17  M4DE25 —  Brassica rapa 27221.1 13 100
Triosephosphate isomerase subsp.
18  ESKXU6 —  Brassica campes- 22151.1 3 100
Superoxide dismutase (fragment) tris
19 Q944W6 —  Brassica oleracea  19027.6 8 96.594
Translationally-controlled tumor protein homolog
20 082795 +  Brassica oleracea  23474.3 6 100
Heat stress-induced protein
26  AS8IXGS BetVI +  Brassica campes- 17149.9 12 100
BetVI allergen family protein tris
27  MA4ESU4 —  Brassica rapa 14518.1 5 100
Profilin subsp. pekinensis
30 AIYNO7 Kunitz +  Brassica campes- 24744.6 6 100

Kunitz-type cysteine protease inhibitor

tris

+: 5= +: up regulated; —: down regulated.
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Fig. 4 KEGG pathway analysis of differentially expressed proteins
2.6 4.0 Fertile young buds
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