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Abstract A differentially expressed ¢cDNA fragment obtained from a ¢cDNA-AFLP analysis which performed on floral buds of
male sterile and fertile lines of cabbage was used as a querying probe to blast the Genbank and Arabidopsis databases. Based on
the assembled homologous ¢cDNA sequences a full-length ¢cDNA of 633 bp for BoDHAR was cloned by RT-PCR. Furthermore

we have experimentally cloned and sequenced the 5" flanking sequence of gene BoDHAR by genomic walking method based on
ligation-mediated PCR. The full length DNA sequence with 1486bp containing two introns was achieved. Homologous analysis
shows that gene has 82.3% identity at nucleotide level and 79.6% identity at amino acid level with Arabidopsis
dehydroascorbate reductase DHAR gene AT1G19570.1. Structurally BoDHAR encodes a polypeptide of 210 amino acids

which contains a GST-c-DHAR domain highly conserved among other members of the DHAR superfamily and has multiple
phosphorylation sites. Promoter predictions software indicated that the 5" upstream region contained putative transcription signals
and conserved sequences one CAAT-box one G-box and four TGAC-like motifs. To advance our understanding of gene

BoDHAR tissue expression pattern were analyzed by semi-quantitative RT-PCR. The results indicate that expression level of
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gene BoDHAR is higher in fertile buds than that in sterile buds and expressed intensively in the anther.

Key words Broccoli  Brassica oleracea L. var. italica
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c¢DNA-AFLP
TDF Transcript
Derived Fragments * TDF
in silicon cloning
PCR

DHAR cDNA c¢DNA

1.1
pMD 18-T Vector
T4 DNA
E . coli TOP10 Taq DNA

TaKaRa ToYoBo
DNA Marker

TRIzol Invitrogen
B10-144
1.2
1.2.1

RNA

RNA
TRIzol 2

cDNA
0.1g

DHAR Dehydroascorbate Reductase

gene cloning RT-PCR

ImL Trizol
RNA 20 pL. DEPC cDNA
1.2.2 PCR
cDNA
BoDHAR-F  5'-
TAAAAATGGCTCTCGAAGTCTG-3"  BoDHAR-R  5'-
TTAGTAGTGGACCTTGGGAGCC-3"  S-actin

5'-CCACCAATCTTGTACACATCC-3’
5’-AGACCACCAAGTACTACTGCAC-3' PCR
cDNA 0.5pL 10 x PCR 2pL
Spmol/pl. 0.4y 10mmol/L dNTPs 1.6uL Taq
2.5u/pl 0.4pL 20pL
94°C 3min 94°C 30s 56C 45s
72°C 50s 35 72°C
RT-PCR
23 6pL.

10min

1.0%

Gel capture area density tool

1.2.3

PCR Clontech Universal Genome
Walker™ Kit 1 5'-GTAATACGACT
CACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGGT-

genome walking

3/ 2 5'-PO,-ACCAGCCC-NH, -3’ BoDHAR
5'- GSP1 5'-
AAGTTACAGTCGCCGAGAGCATC-3' GSP2 5-

GGCGGCTTTCACGCAGAC-3’
AP1 5'-GTAATACGACTC ACTATAGGGC-3'
AP2 5'-ACTATAGGG CACGCGTGGT-3’

1.2.4 DNA
PCR pMD 18-T
DNA
DNAstar Matinspector2.2
2
2.1 BoDHAR ¢cDNA DNA
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Clolor key for alignment o — BoDHAR-¥/ BoDHAR-R BoDHAR
842bp  DNA 2 4
+ 59bp ~ + 164bp
+ 256bp ~ + 358bp ATG A
+1 GT-AG
AT1G19570.1
BoDHAR
1 TDF MS1615170 BoDHAR
Fig.1 The BLASTN results of TDF MS1615170 in database 50%
ncbi. nlm. nih. gov/BLAST http //www . arabidopsis. At1¢19570.1 82.3%
org/BIAST DHAR AAQO1573 78.8%
EST 20 1 DHAR
EST
contig 2.2 BoDHAR 5
BLAST 4 PCR
BoDHAR 638bp Sma l  EcoRV DNA
cDNA 4.5kb 900bp
RT-PCR 1.0% 4.5 kb 3'-
638bp BoDHAR DNA 5'-
2 BoDHAR ATG
4 DNAstar ORF AT1G19570.1
AT16G19570.1 BoDHAR 5" 644bp
633bp 3
210 ATG -3 A +4 CAAT-box - 424 ~ - 428
G Kozak CCAAT G-box - 174 ~ -
408 179bp cACGTg 4  TGAC — 498 ~ — 508bp
acaalGACcccg — 460 ~ — 471bp tgtgTGACatgg — 355
~ — 366bp tctcTGACccat - 228 ~ - 239bp
BoDHAR ¢DNA tgaglGACaacc  G-box TGAC

DNA 50 ng

2

A
i

by

B —

S —=

2 BoDHAR RT-PCR
PCR
Fig.2 Identification of the RT-PCR and PCR product
by agrose gel electrophoresis
1 DNA molecular mass marker 2 H,O CK 3 RT-PCR product 4

genomic PCR product.

3 BoDHAR 5'
genome walking PCR
Fig.3 Identification of the secondary nested PCR product

by agrose gel electrophoresis in the genome walking
1 DNA size markers 2 Haelll library 3 Sma | library 4 EcoRV

library 5 Puu 1l libr, ) )
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bZ1P DNA DHAR At1g19570.1
79.6% AAQO1573 68.8%
1 ATTALGGATE TG TGGTACGCAATTGCAGGEATGOGAGCEATTCCGACGAAGAGRAGAGTD,
61 GEGAATCATCGATGCOTTOLAGATIAGOSTACHACAACATCSTETORACOOGCTATCTCS
R ¥ ey oy e e e e T Y R T
241 ARG TIGA LA TG ATGe T I T AG LA IOl TAGA T I T Lo TC T TOA G b L Lah LaCATRG,
361 TLLIGGALTAALGIIGTCRR ARG T TARC ATAGTRL TARRAC COTOAGTRACARCTTA,
321 CCGACACACTACARAACTTC AR TGS TCTTOr TToCC A GO AC AACACETOEARARCATA,
381 ACATTGTCC LG T CARAGC L TCGOCARTAAT COACC AL TOGT T TGO T TG ARCC ACTARAR
541 ..EL.(E.{L.(E.T.GC (—_ETI'G.TGTGTGT(;:IGTGTGTGTGTGRG.(}E}%F TCTILTT
601 CAATAATTATTCCATIGE TCCAARATAJLAARAGA}LTAGC TP.}LA TGG—CTCTC GALGTCT
N e T T IR
661l GOGTGARAGCCGCCGTTGE TG CCC TGATGC TCTCGGCGAC TG TAAC TTCCCTTCTCTCT
T W E F:R ey W Led Fix P I Fix L Le D [
781 ATALTACATGATTTGTC TGTCGTTTCAGGCCCTTTCAGCCAACGGETTCTCCTCACCCTC
21 P F =1 o R W L L T L
5431 A A AR A T T T e TAC AR AR T A TC TGATC AL ATC TCCGACALACC TCALTGG
31 E E K M L P T K M H L I M I =1 ] ¥ F Lo} w
a01 TCATTTTCTTTC T T A C AR AR A TTAGATTCGATC TTAGC TTGTTTCACCTGTTCT
9561 ACTCATTGACAAGAAGCTGGC TTTGGTTTATATATGATACAGGTTCTTAGCCATTAGTCC
51 F L a I 3 F
1021 TGALGGGAL LG TACCAGCCCTCAAGALCGACGACALGTGGGTGCCTGATTCCFACGTCAT
5T E e K W P A L K M D D K w w P D =1 ] W I
1051 T C A C T TC T o GAGAAGA LG TATC C TGAGC CATCACTCAAGACTCCTCCZAAGTTTGC
T W =] L L E K K T P E F =1 L K T F P K F A
1141 CTCTGTTGGATCCAAGATCATGAGTACTTTCGTGGC TTTCC TGACGACCRARGACTCAAG
a7 = W e =1 K I M 3 T F w A F L T L K D =1 =1
1201 TGACGCGTCCTTTGC TTCATGAGC TACAAGCCTTGGAGAATCATCTCAAGTCTCACGATSG
117 D Le P L L H E L o] an L E v H L K =1 H il =]
1261 TCCTTTTATAGCCGGGGALLAGGTCAGC GGG TEGATCTALGC TTAGCACCALMGCSTTTA
13T P F I a e E E v =1 a W ol L =1 L a P K L T
1321 CCATCTGGAGGTCGC TCTTGGCCACTTCAALAGC TGETCTATCCCTGGGAGC TTGACCCA
157 H L E w & L e H F 14 3 w =1 I P = =1 L T H
1351 TGETTCATARC TACATGCATGC TTTGTTCTCCC TCCACTCC TT T GAGARARRCARAGGCTGL
177 W H N K'd M H o L F = L H =1 F E 124 T K a E
1441 GEAGAAGTATGTGATC GG EGATG G CTCCCAAGGTCCACTACTAL
197 E K T W £ A ) w A P K W H T *
4 BoDHAR DNA
Fig.4  The nucleotide acid sequence and deduced amino acid sequence for BoODHAR
Intron is underlined regions underscored with a dashed line correspond to the promoter sequences
stop codon is indicated by asterisk *  initiation codon is boxed.
AT GT -1~ -66 TATTTAAAA DHAR ABA40439
GCACTGCTTAACTCAATAATTATTCCATCGCTCCAAAA ABA46750
TAAAAAAGAATAGCTAAAA - 75 ~ - 101 73.1% 74 %
GTGCGTGTGTGTGTGTGTGTGTGTGTG 50.2%
BoDHAR 90 ~
210aa 5
2.3 BoDHAR
BoDHAR 210 BoDHAR
23.251kD pl=6.925 SOSUI DHAR AT1G19550.1 AT1G19570.1
Prosite AT56G36270.1 AT1675270.1 DHAR
28 ~ 30aa 33 ~35aa 50 ~ 52aa 69 AAQO01573
~T2aa 94 ~ 96aa 5 PKC DHAR
69 ~ 72aa 2 CK2
10 ~ 15aa N-
2.4 BoDHAR
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AAL71857
_{ AAL71854
69 AT5G36270.1 -
ATIGT75270.1 Practin
-AT1G19570.1
AT1G19550.1 )
100 AAQOIST3 BolHAR
BAD27392
ABA40439
BoDHA.
ABA46750 6 oDHAR
83L AAY47048
AAV44199 . . .
00 AAYS5184 Fig.6 RT-PCR analysis of the expression of BoDHAR
AAY85185 in the flower buds of fertile line and dominant
73 AAY52401 . .
100 100 BAD14935 male sterile line.
EAANO4049 1 sterile line 2 fertile line.
70 AAG24945
RNA RT-PCR
5 BoDHAR
7 BoDHAR
100
Fig.5 Phylogenetic tree of aa sequence of broccoli 2~3
BoDHAR gene with other reported genes BoDHAR
lotus japonicus  AAY52461 barrel medic
AAYS85185 soybean  AAY85184 spinach
AAG24945 cabbage BAD14935 Brassica juncea 3
AAN0O4049 rice AAV44199 Wheat AAL71854
potato  ABA46750 ABA40439 tomato  AAY47048
tabacco AAL71857 zinnia elegans BAD27392
pekinensis  cabbage  AAQ01573 Arabidopsis EST
AT1G19550.1 AT1G19570.1 AT5G36270.1 AT1G75270.1
BoDHAR .
’ BoDHAR
BoDHAR ATIG19570.1
RNA Bactin
RT-PCR 6  BoDHAR AsA
AsA/
DHA AO
c¢DNA-AFLP AsA
Relative exprassion Relative exprassion
A i
1 H 3 4 K 1 2 3 4 3 [}
BoldHAR [ ) — v BuliHAR * R e e e i ks GREEEN
Bacrn W S - — . Bactin S - — i — —
7 BoDHAR A B

Fig.7 RT-PCR analysis of the expression of BoDHAR in different organs and flower tissues
A 1 root 2 vyoungstem 3 young leaf 4 flower bud 5 young silique B 1 flower stalk 2 sepal 3 petal 4

style 5 filament 6 anther. I . . :.
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