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Analysis of expression of drought associated genes and SSH library
of Brassica napus under drought stress

XIE Xiaoyu, HOU Shuang, RAN Chunyan

(College of Agronomy and Biotechnology, Southwest University, Chongqing, Beibei 400715, China)

Abstract: 646 positive clones were randomly selected from the library of suppression subtractive hybridization (SSH)
constructed at early stage. These clones were subject to sequencing and bioinformatics analysis. The results show that
639 high quality EST were got by sequencing, 186 unigenes was obtained, of which 89 contigs and 97 singletons were
contained. Blast alignment with Nr database showed that 166 unigenes were of high similarity. KOBAS suggested that
that glyoxylate and dicarboxylate metabolism, carbon metabolism, carbon fixation in photosynthetic organisms,
biosynthesis of amino acids, nitrogen metabolism et al. played a key role in drought-resistant of rapeseed according to
P-value. In the drought stress response, the genes of MYB family transcription factor, NACS5, zinc finger protein and
other genes related to photosynthesis including malate dehydrogenase, ribulose 1,5-bisphosphate carboxylase/oxygenase,
fructose 1,6-bisphosphate aldolase, phosphoribulokinase, carbonic anhydrase, aconitase like protein and delta
1-pyrroline-5-carboxylate synthetase A, F-box protein etc were inovled. The analysis of unigenes showed that a large
share of function could be attributed to binding and catalytic activity. The high drought-tolerant rapeseed Holiday as
experimental materials, were treated with drought stress during the flowering stage and with normal irrigation as the
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control group. We collected the samples at the 1st, 3rd, 5th and 7th day of drought stress(the soil water content was 60%,

40%, 30% and 20% respectively) and analyzed their expression values of P5CSh, BnSOS2 and CAM genes from screening

the library by quantitative real time PCR reaction, their expression level were found up-regulated under drought stress in the

leaves. This result suggested those genes may play an important role in the resistance of rape to drought stress.

Keywords: Brassica napus; drought stress; analysis of cDNA library; quantitative real time PCR reaction

20% U1
ZHONG © BnNAC2 BnNAC5
ABA B3]
BnBip
(SSH)
cDNA
SSH 4l
[5] [6] [7]
SSH
(AFPs) (Hsps)
P450 ESTs™®
SSH 0l
[10] [11] [12] [13]
Holiday
SSH cDNA
PCR
1 #REAZ
1.1 SSH XEHR#H
SSH (14] PCR
Primer 1  Primer 2R PCR ,

646

VecScreen

Blast GenBank
KOBAS

Blast2GO

1.2 mEBEMRAXERMFRESH

Holiday
15% 20 min 4 6
30 cm 12
kg (
4% 5% )
1 357 ( 60%
40% 30% 20%) ( )
2 -80 C
First Strand cDNA Synthesis Kit
(TAKARA) cDNA
3
P5CSb BnSOS2 CAM
[15-16]
PCR
1.3 HiEaE
PFAFFL!"”
Microsoft Excel 2007  SAS
2 HBRE5HM
2.1 SSH XFEtafl£R
SSH 850
726 48
1 13 26 8 20 29
89.6% 250 1000 bp 545 bp



46 2 SSH 159

97 101 800 bp EST
101 300 bp 11 301 400 bp 28
401 500 bp 37 501 600bp 34
601 800 bp 76 531 bp

22 MF&RS
646 PCR
639 (expressed
sequence tag EST)
(contigs)89 (singleton)

N

M 2000bpDNA 1 48 PCR
1 SSH XEEFRE 5 BE B Bt 45 3R
Fig.1 Positive fragments analysis of SSH cDNA library

2.2.1 EST B354 2
186 Blastn D MYB  NACS
Blastx 166 1,5- /
-1,6—
20 P5CS F—box
EST 154 I ESTs
6 4

F1 HXMHATEBPETHSESRENER

Table 1 Part result of blast alignment in rapeseed leaves under drought stress

EST /% E
EST-126 global transcription factor group E4 89 1E-102
contig28 3 ethylene-responsive transcription factor 4 74 3E-40
contig35 3 myb family transcription factor 72 3E-30
contig81 2 transcription factor 78 2E-58
CTES87 C3H4 type zinc finger protein 66 7E-20
contig37 6 zine finger family protein 71 9E-93
contig39 14 NACS5 91 9E-81
CTE68 F-box protein 2 70 2E-61
contigl5 6 F-box family protein 67 6E-96
CTES80 homeobox-leucine zipper protein ATHB-7 80 1E-23
contig20 7 probable calcium-binding protein CML20-like 82 4E-63
contig46 5 protein phosphatase 2C 94 2E-80
contig86 2 phosphoribulokinase 83 SE-17
contig27 4 phosphoribulokinase/uridine kinase domain protein 98 1E-127
CTE2 somatic embryogenesis receptor-like kinase-like protein 97 2E-94
CTE7 serine/threonine-protein kinase ATPK 19/ATPK2 96 2E-58

CTE9% mitogen-activated protein kinase 17 99 2E-68
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EST /% E
contigl 11 fructose-bisphosphate aldolase 1 92 3E-110
contig4 16 fructose-bisphosphate aldolase 92 7E-81
contigb 14 photosystem I reaction center subunit E 82 4E-21
contigl6 8 malate dehydrogenase 100 8E-125
CTE9 peroxisomal NAD-malate dehydrogenase 2 96 6E-143
CTE72 gamma carbonic anhydrase like 1 99 4E-64
CTE75 cytochrome b6-f complex iron-sulfur subunit 80 9E-34
contig68 4 chloroplast thylakoidal processing peptidase 88 4E-61
contig77 9 Photosystem II CP43 chlorophyll apoprotein 94 3E-43
Contig89 7 Ribulose 1,5-bisphosphate carboxylase/oxygenase 100 3E-105
CTES9 chloroplast beta-carbonic anhydrase 99 3E-21
contig4?2 15 ELIP 94 1E-61
CTE43 cytochrome P450 78 2E-33
CTE95 NADPH-cytochrome P450 reductase 1 87 2E-130
contig8 8 L-ascorbate oxidase 81 4E-100
contigl4 16 arogenate dehydratase 2 94 SE-148
contig80 2 peroxisomal acyl-coenzyme A oxidase 1 91 3E-65
CTES2 alternative oxidase 1 93 3E-120
CTE76 peroxisomal membrane protein 11D 78 3E-57
contig49 5 disease resistance protein RPP8 62 6E-28
contig69 5 stress responsive protein 88 6E-83
CTE36 dehydrin 82 3E-35
contig56 8 dehydrin protein 89 1E-20
contig73 4 chitinase 1 96 3E-74
CTE14 chitinase 96 2E-54
contig88 2 delta 1-pyrroline-5-carboxylate synthetase A 99 SE-112
CTE61 universal stress protein family protein 78 2E-31
contigl3 11 JA-responsive protein 1 84 SE-41
contig26 2 epithiospecifier protein 99 1E-59
contig34 4 AGC kinase family protein 88 3E-72
EST-245 glutathione S-transferase TAU 10 73 4E-102
CTE27 sec-independent protein translocase protein 86 1E-49
CTE28 phosphate transporter 4;5 90 TE-115
CTES3 glucose-1-phosphate adenylyltransferase large subunit 1 96 3E-149
CTES7 mitochondrial phosphate translocator 96 SE-66
CTES9 TRAF-like family protein 66 2E-32
contigd4 3 serine trans hydroxymethyl transferase 1 98 6E-156
contig3 11 histidine-containing phosphotransfer protein 3 92 6E-79
contig53 3 TRAF-like protein 57 4E-12
contig2 19 PREDICTED: solute carrier family 25 member 44-like 68 4E-66
CTE35 Multidrug resistance protein ABC transporter family 96 1E-143
contig64 9 selenium-binding protein, partial 94 7E-88
contig9 8 glycine-rich protein 93 1E-28
contig23 7 glycine-rich protein 88 3E-91
contig85 2 glycine-rich protein 69 5.00E-06
contig?1 3 exocyst subunit exo70 family protein H7 84 6E-83
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EST /% E
contig48 2 ubiquitin carrier protein, partial 95 SE-29
contig? 9 purple acid phosphatase 2-like 83 2E-24
contig59 9 TCP-1/cpn60 chaperonin family protein 52 3E-34
CTE66 pseudouridine synthase family protein 90 4E-104
contig5 17 beta-glucosidase 3 85 1E-95
contigll 2 beta-amylase 1 92 SE-29
contig65 2 alpha-galactosidase 1 86 1E-89
contig66 7 omega-3 fatty acid desaturase 95 2E-67
contigl0 16 aconitase like protein 91 2E-108
contig83 4 cysteine protease 98 SE-159
contig63 4 serine protease 78 2E-99
CTE4 tyrosine transaminase like protein 69 1E-88
contigl9 7 protein disulfide isomerase 99 3E-100
CTESS glutamine synthetase cytosolic isozyme 1-3 94 3E-144
contig51 5 IAA-amino acid hydrolase 3 93 1E-73
CTE90 IAA-amino acid hydrolase 6 99 2E-136
CTE7 serine/threonine-protein kinase ATPK19/ATPK2 96 2E-58
contig62 5 arginine-tRNA protein transferase 2 72 7TE-68
CTE39 DEAD-box ATP-dependent RNA helicase 38 91 2E-134
CTE70 tRNA synthetase class II (D, K and N) family protein 74 3E-40
contig22 5 DNA repair protein Rad4 family 66 4E-34
contigl7 13 WD40 domain-containing protein 62 2E-101
contig25 14 Anticodon-binding domain-containing protein 85 9E-89
contig31 7 PREDICTED: 40S ribosomal protein S15a-1-like 84 3E-30

“1» “I- “[r “v»
“vI» “vr- “vir
2.2.2 KBGG RigHe oA LB shien X
KEGG(Kyoto % 2 KOBAS £##fify T 2iF K BEE

Table 2 Representative drought-induced metabolic pathway

Encyclopedia of Genes and Genomes

)

160 26
EST 70
P <0.5

12 3
P<0.1

identified by KOBAS

(KOBAS) KEGG P
1%
186 ) 7 376 0.0001
57 2 11 591 00012
70 3 6 323 0.0013
" 4 7 376 0.0018
5 10 538 00106
6 3 161 00427
7 3 161 00597
8 3 161 00779
9 30 161 00794
10 3 161 00825
3 EST 1 o 2 1.08  0.0998
2
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186 GO ( process)
111 EST (metabolic process)
141  EST
133 EST
144  EST
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Table 3 Main sub-category and percentage of GO annotated gene classification of EST
1% /% 1%
32.38 4423 15.54
26.90 41.35 14.32
16.67 433 12.30
6.90 3.85 11.62
5.72 1.92 7.84
5.24 1.92 6.48
5.24 1.44 6.35
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Table 4 The primers of candidate reference genes and target gene
(5'—3" (5'—39 GenBank
P5CSh CAGAAGCCACAGACTGAACTTG AAACTGCTATCAGTCACCAGCA AF314812
BnSOS2 CCAGAGGTACTTAATGGCCAAG GTGGCCTTGACTGAACAATGTA AY310413
CAM ACTTGGGACTGTGATGAGGTCT CCATCAGGTTTAGGAACTCAGG AF150059
ACT7 TGGGTTTGCTGGTGACGAT TGCCTAGGACGACCAACAATACT
2.3.2 3ARFARRAENH *5 TEMETIMISERMRKE
3 ( 5) Table 5 Expression values of three drought-related genes in leaf
under drought stress
1 5d CAM
BnSOS2 P5CSh /d BnSOS2 CAM P5CSh
5 0 (1.03£0.051)cC (1.16£0.063)dD  (0.82+0.063)cC
15 1 (1.06+0.059)cC (1.7440.105)dD  (0.54+0.014)dC
( ) 3 (3.52+0.067)bB (5.10£0.404)bB  (0.62+0.054)cdC
CAM BnSOS2 P5CSb 5 (8.49+0.441)aA  (16.30+1.045)aA  (1.20£0.006)bB
( 7 ) 7 (0.81+0.149)dD (2.714£0.176)cC  (1.85+0.094)aA
0.01 0.05
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