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Cloning and expression analysis of a pathogenesis—related
protein gene BoPR2 from Brassica oleracea var. italica

JIN Wei—jia, HE Jia, ZHANG Yan-ru, FAN Ling—xi, TANG Lu—jing,
YE Jia—yan, ZHENG Ying, JIANG Ming
( College of Life Sciences, Taizhou University, Taizhou 318000, China )

Abstract: Pathogenesis—related protein genes comprise a gene family in plants, and they play a key role in
disease resistance. In this study, a gene designated BoPR2 was isolated from broccoli material using the PCR method.
Sequencing results indicated that the full-length genomic DNA was 1 188 bp with an intron, and its coding sequence
was 1 092 bp encoding 351 amino acids. Sequence comparison and phylogenetic analysis results showed that higher
similarities were found between BoPR2 and PR2 proteins from Brassica oleracea var. oleracea and B. rapa subsp.
chinensis, and they were clustered into the same clade. The lowest similarities were seen between BoPR2 and PR2s
from both Camelina sativa and Capsella rubella, indicating their distinct relationships. Real-time quantitative PCR
results revealed that the expression of BoPR2 gene was induced by Plasmodiophora brassicae, and the highest relative
expression level was detected at 10 d after incubation with an approximately 6-fold increase. However, the expression
of BoPR2 was not affected by Sclerotinia sclerotiorum. Isolation and expression analysis of BoPR2 provide evidence for
further studies on disease resistance mechanism and broccoli molecular breeding.

Key words: Brassica oleracea var. italica; pathogenesis—related protein; BoPR2; cloning; expression analysis

T A€ 3% ( Brassica oleracea var. italica ) X ( Cruciferae ) == 2L J& 1 4 E 8) 2 4R A B AR B
PV AL, R e MG AEM R 5, TR R, BHEN DR, HAKRUALE SR

Wk H . 2018-09-02

FEEWH WA R EREHTE SR Gl AR I H (2017R430012) 5 S H TR R H
(162ny14) 5 WITTH ARRER4S (LY19C150004 )

EETIAY: &8E (1995-) , Zo, EEARVE, E-mail: 2829625619@139.com

WMINVEE . %W (1973-) , 55, Bit, RIZd%, E-mail: jiangming@tzc.edu.cn



FEBEMNWEAL, BFRMERE, &0 TR,
WK G) . AT, 4EAE R B T g
2 N &K (Sulforaphane ) , & —Fh ¥ 52 AA]
R RER S (5] IR, BEEE LK
MR AR BN B, e R R AR H T
AR 9 1 TR A% B 7 A SR R AR - v
AR A DL, AR R R o B
K s-61 o AR M tl =22 ( Plasmodiophora
brassicae ) 512, TMEZREHZETRE ( Sclerotinia
sclerotiorum ) & I, TR 7R HAD 25 22 8 i
S R A A, R A s
WEAEF AN G, MR Bz,
T AL BT R i e, i 3 42 T A DG S A
THIR 15 R i b B Y B Bkt —,
W MENTAE ) — s St o AR AL B Y BE Al R T e
PO o3 B R E TR -0

i FE M X & H (pathogenesis—related
protein, PR) EAHYIAN —HKEEEH, 7F
o S TR BV B | Ak RS T SRR R AR
TEAE AR T S A B RG] & 56 B
SRR Do) BRI T S AR | e
PO H A A Py 2= R, PR W53k 17 A,
ANRIZEALY PR BA AR B S5 R s AT RE 130
HhPR2 HA B -1, 3- # MGG L, HE
BAERVREAKR B -1, 3- FIHRME, XA
S0 ST A L RE A 0y, R, PR2 AR
Ji 5 B 2R BB AT A9 R 1 A A R B Deis T
AR, 2 MW E ( Nicotiana tabacum ) . T
fifi ( Lycopersicon esculentum ) F1 7K & ( Oryza
sativa ) SFHEY) P ER] PR2 FEH, JFIAEG 7B
T8 7 S AR AE FIHTHE D RE Des), (HZ, A K
PR2 1ET5 AL PRI TR WL ARIE . AWF5E LIS
TERNMRE, TE L BoPR2 JER LA -,
MAEYE B T B A e SIARIE, I SEm e
PCR BB HAE 25 ZE AR I B A B A e T 3R
IR, S TR A T B A AN AL B A5
BL5E BEA

1 #R5FE

1.1 REHE
BERAF IEH R Bo0112, #tl T A TX

7

RS, 16 16 h EIE /8 h SRRSO F 15 5%,
PR I — 0 BT FH 00 SR R 0 B . BB RR A
WL 3 e e, f4itb5 7T 6
M 2EBE A A Bl 2R B S g % . R Rl R
PR 22k, 0 BRI R /)N Ay 4% 5 4 2 A Bt
fi§ (Potato Dextrose Agar, PDA ) % FE e, R
MO, 6, 12,24, 36, 2h M H, H
T RNA MOFEH, ZEEEAR MR ARG A Sk 7
M, SRSk /NI 45 Do) B D k4, X
MAHEENICEAK, REZLM O, 5. 10, 15,
20, 25 d P T RNA B9FEH

1.2 REAHE

1.2.1 DNA #= RNA #9328 JE[H 4] DNA (142
BURH SDS #1200, RNA FUHRECR HH Trizol 30217,
25 HL K S e B T AR VKA PR AE 25 H . cDNA
()4 R H TaKaRa 23 v Il &, 4l o4 2
0 A TR

1.2.2 FHHFBoPR2AR®W L% T
P ve By . NESI 953 5 A BoPR2UP:
5'-ATGGTACGATTCAAACATAT-3'FIBoPR2DN :
5'-TTAGTTGAACTTGACACCATATTT-3', Hdt
SN E A EARARA EA R, HICHEddH, 0/
il 520 wmol/LA&H o 437 LADNAFIcDNA s
A TPCRY S, 20 w LIRZEH AL R :
10 x PCRZE M2 L, 20 ngBibRDNAESCDNA,
0.5 wL 10 m mol/LAYANTPs, 0.8 UfJTag DNAZ
G, b FUESIA01 wL, inddH,0ZEZ 4k
., PCRY HFLF . 94°CHIAEMES min; 94°CAS
P£30 s, 51°CiB k45 s, 72°CHEf45 s, H32PMF
o PCRYIGESHIS, P % W Bl GE i
HEA T HL ARG

1.2.3 PCR Z#peg e, ddfeml 5 LK
TI R HIBCE By s e, RAEGA &% (L
W3 = RAEYE RS ) [k DNA, 1.5
W L [l P-4 5 p—-GEM-Teasy A ( Promega ),
BT 4CHERE, HFRGEESA Trans5 o B2 5
iy (bR eXeEMBEARGRAR) o &k
AR, BRI GRS T 37 CHRG 3557 12 he
FHR# PCR 25 E FHME7ERE, PCR R [RI3E A 5
G, BIMRER 0.5 WL B, 4 kR H 3
A PEE SR -



78

1.24 5354 FIH DNAMANS.2.2, 7E4 T
H. SMART ( http://smart.embl.de ) F1 Compute P/
Mw ( http://web.expasy.org/compute ) %} BoPR2 F
PR35 S L i 5 A T BRAR A B 4T (220 o A
NCBI £4l FE b T # H W 8 S (B. Napus, %
K5 XP_013742178.1) . B H ¥ (B. oleracea
H 5t 5. XP_013636025.1)
B®o% 5
BAG68207.1) . B | (Raphanus.sativus, Bk,
XP_018458775.1 ) . #mi It (A. thaliana , 5%
ANM63774.1) . E I F IF (A. lyrata subsp.
Lyrata, g5 EFHS54399.1) . WG ( Camelina
sativa , 5555 XP_010516340.1 A5 572( Capsella
rubella, &35 : EOA24328.1) %5 8 ff+ 74k
BRI PR2 J7 51, ] Clustalx 1.81 #1757 51
HeXT, FEFIFH Mega 3.1 A EHEVEALAT, AL
N4 (Neighbor-Joining ) , £ 1000 K HZ&
Rig (231,

125 AW & o4 W4T SR, Wit
SCRS A & PCR 51, L. TSl 9y 953
Wk 5'-AAGCAGTACAGCATCCCTCG -3' F
5'-TGGGAACGTCGAGGATGAAC -3', % ik K
MW &E A B R A WbR, . TUEs19 50
W ke 5'-ACGTGGACATCAGGAAGGAC-3' Fl
5'-GAACCACCGATCCAGACACT-3', PCR 2
TE Roche Light Cycler 96 PCR Y 47, v fe
JF#: 50°C 5 min, 94°C 30s; 94°C 55, 55C 15,

var. oleracea,

3% (B. rapa subsp.chinensis,

72°C 10 s, 340 MEFR, LERHEE 3K, A
2o s TR R IA

2 ER55H

2.1 BoPR2 EFR4HE

L) BoPR2UP #1 BoPR2DN #1541, 4351 LA
FAESEM R 2H DNA F1 cDNA #E17 PCR 371,
2P JE1 24 B TS, 45 R B, BoPR2
FLH 4K A 1188 bp, & 1N ET (96
bp) , 155 248 K58 130 bp
Moe2bp (K1) .

130bp  96hp 962bp

FHFFINET, BEAFRNET
El 1 BoPR2 E£E%H

2.2 BoPR2 YR¥5%E HHIFHE

BoPR2 %ifi% 351 12 K:W2, 2 Compute pl/
Mw tool 7 £k T. LT, BoPR2 AY FH 5 45 i
y\j 685’ ﬁ:}’%ﬁﬂ{] C174OH2663N467052OSIS’ ﬁj\¥§:
438 925 u, AFRRUETRECH 40.48, NAFREHE
H; OSSP R KPE RECH -0.304, BoPR2 4
FKPEE A PR IR & B s . i
$| 8.8%, LHEMRIRZ . N 85%, TMiPhaii
/> AL 0.3%. 3@ NCBI ¥ Blast 284007 & 1
EHEA 1 MEFHY Glyco hydro 17 Z5443k,
T +34 ~+350 4 (& 2) o

1 ATGGTACGATTCAAACATATAAAAATAAAGTATTATTTCATGAAAATGTCTGGGGTTAGGATGTTAGCATCATCACCAATGTTGCTGTTTCTT
1 M vV R F K H I K I K Y ¥ FM KM S GV R ML A S S P M L L F L
94 CTCAGCCTTCTAATGGCTTCCTACTTCGACACCACAGCTGGACAAATCGGAGTATGCTTCGGGCAGATGGGAAATAACATACCAAATCCAGCG
2 LS LLMASYFEDTTAG (NGOG
187 GAAGTTGTGGCTATGTTCAAGCAGTACAGCATCCCTCGAATGCGGATGTACGGTCCCAACCCTAACGCTCTCAACGCTCTCCGTGGCTCCAAC
63 EVVAMEFKOYSIPRMEMSYGSNEPNAZLDNALRLG S N

280 ATCGAGTTCATCCTCGACGTTCCCAATGGCGACTTAAAACGTCTCGCAGACAGCCAAGCGGAGGCCAACACATGGGTCCGCGACAACGTCCAG

1024 TATGAGAAGTACTGGGGGATGTTTTCTCCTACTACTAGACAGCTTAAATATGGTGTCAAGTTCAACTAA

342

8§E§g22
105 H A
A
qEcB el s E R a -
EE
aa§§§
Eggégng
LHELEEH R

N *

BS54 R Glyco hydro 17 £5F435,
2 BoPR2 EREHHBREIESHIERF ]



2.3 BoPR2 5REIEFFIAIEEXF

5T BoPR2 f AL L, M NCBI 44
R %k 8 Tl T AE R S HE AR Y PR T4,
FH Clustalx 1.81 #7751 A9 £ 8 X . B 1A 3( %
ffi—) Al 9> PR2 £ [ H 338~365 ~2d 4
FRERFLLAL AL, Horp, WHENFIREK . At
FRER AL 365 1>, HIEALMSKIRZ . 4 363 1,
T INBEF IR EIE | 338 4~ JP ol LT R 1,
9 FhEY PR2 MUARAI RS &, ATl S S R AT
TE2E 5, VLU HFAERHME Y Y PR2 FE 4L I
T PR5F. 5 BoPR2 AL, BFHEELE +9. +10
PG 2 DMRFEFRIEFL AR A, s I SR e
+41. +86. +170. +173. +238. +260. +324.
+327 PEAETE 25 5 SRS HA R I8 7 51 2 [7)

BOPR2

100 |
08 XP 013636025.1 Brassica oleracea var.oleracea

20 — XP 01342178.1 Brassica oleracea napus

100 BAG68207.1 Brassica rapa subsp. chinensis

79

B 22 SATR, TE +1~+15. +152~+153, +173,
247, 4317, +341~+343 ., +360 v & H= 5 LR
FRILMBRIS, 1E +131, +230, +231 (i k4R
FEMRFRILAIIEHA
24 BoPR2HIRGEE S

FIH Mega 3.1 # g HEAERT, F9ET7 15 R 4R
ek, 4558 (Kl 4) £, 8 MAFEYIM PR2
FESEER LAl 2k 5 4., Hor, HHR SR
ZEBEH . H AN A SR A s AL
BN, ENZEMNEE R ERR, TERTK
AW ERT LA, [F R E MR I /&
IIEEFIT PR2 Z It i By e, BT TAE
e LA TR —H (V) 5 b, . IR
FEYEALA, Al T, TIL, 1V 4

XP 018458775.1 Raphanus sativus Il

EOA24328.1 Capsella rubella m

XP 010516340.1 Camelina sativa

90 ANMG63774.1 Arabidopsis thaliana

99 EFH54399.1 Arabidopsis lyrata subsp.lyata
E 4 BoPR2 K HREiRF 5L #d

2.5 BoPR2 HIRIEHH

A S TR BB X T AE S BoPR2 Rk 1Y
SN, SR HSEHTE & PCR B3Rk K, 455
(E15) =M, BERARESS BoPR2 3Rk,
FEIR YL 0~72 h i), ik AR B E A (&

A
1.4
a a a a a
1.24
i 1.0
0.8
=

Z 061
0.4]
0.2

ol

0 6 2 24 36 72
A Ch)

S5A) 5 TEZEZEMRMENAEST T, BoPR2 KA
IR, 7E 10 d BHA R R, 4
Xt RREY 6 %, RIS ZWIREAG, 76 15 d f120 d
R AF G 305 B 4031 A6 BRI 360, 3.22 1% (&
5B) .

77 B

0 s 10 15 20 25
% SR (d)

A: AR B 2SR
B 5 B3 BoPR2 EEMKRIL



80

3 &SIt

T PR2 —REE WM CE H, 1E
AR KB BARAE R B AUREE A Y
Dy G HEAEH (24251, PR EEFA R 43 R 17 25,
Hod PRI B I ARER 0, PR2 4t B -13- 4 &
Wi, PR3 . PR4 . PRS FII PR11 2wt JL T ol 26,
O\ Z MY T vakE R PR2 3EK, K5 ( Glycine
max ) GmBG1 LNt 347 NE LR, SR
871111 s Mg ( Gossypium barbadense ) GbGLU
FEHAY4KN 1086 bp, Zifi 361 NEILRR, 4>
TH 8 39.66 ku 271 /NG ( Triticum aestivum )
TeLr19PR2 F R Zifith X 42K 1 005 bp, Jih
334 ANREILFR (3] . KB NEH P RS 1
A~ PR2 3E[H, SE 44N BoPR2. Z%3LIH 1Y 4 bt [X.
RN 1092 bp, Zihd 351 NMEIEEER, BoPR2 5
Y H W PR2 MU RS B, (XAAAE 2 A2 SRR
FRILRI 2T, 15 FJE A R SRR
RPN i o B W o O o
X525 AR MY 245 R —5L, BoPR2 4wt
X K /N5 5738 (B. juncea) PR2 #i1i5, It 3%
BiPR2 WY ZA% X 42Kk 1 020 bp, ifi% 339 &
g (20

TEIER BT, MY IR R PR2 & &
B, WEHARAL, E2REFERY)SE, PR2
FREE E, %0 PR SHYHRER EAR
Kl30), KK GmBG1 FE 133832 B A ( Pythium
THE PR, TE 24 h BFIA B o fE L]
6 5 i GbGLU % X 32 ¥ %2 9% T ( Verticillium
dahliae ) 5T, TEHEFN 48 h B FRR IR TR,
96 h Ik FEAME (27) 5 i RT-PCR 45515%
B, Z3EHNZ/ NEMSE (Puccinia triticina ) )
B, RIEEAE 48 h kBl (), 254
P R VG R P AR T, AT R K B IR S S
WA, MEERENEAERE, ERET £
KHR | LRG58, 1 PR2 KGR IE S
AR — PR IR 1) ARAFgE T, FEZEEER
MERIBEST, FFIE3E BoPR2 (35 1k FE %
T, 7E 10 d B AR TR 8 T IR B X RE Y 6 %,
B, BoPR2 JERIFIRHANZ AL IR 195 T

TERBINTE (Alternaria brassicae ) 1YL T, Ir3¢
BiPR2 F ik W 25 FIHE T REMEE, 78
24 h I Fk IR B O (20 .

AWFFE UL A6 N A RE, SE AT 3 1
PR2 BEPX, JFBIEA 1 H P SRR AR TR R A
TR RIRZ = MM E AT T2,
PR AL e A T AT BoPR2 T4 KU
HEIIRE .

S -

(1] F=fen, frolnf, 3855, % . HE3E BoBURPI
BRSO SRR [T] . Wb 24,
2016, 28 (9) : 1501-1507.

(2] L, 2RI, BhEEE, A . ARSI
B HAEXTHEER 4- FSED AL T 6T & HEAY
s [J]. 20244, 2010, 37 (4) @ 625-630.

(3] SESEgh, XEHT, EHERE, 55 . ARGIR RE
FEXTR AR AE R BB [J]. P EEE,
2017 (8) : 57-61.

(4] WhER, B, 20000, 5 . HALSEEFRMICR
KA NS T5 e ik o2 [T . iAol 24,
2005, 17(5) : 330-333.

(5] PhEh, PR, REREE, 55 . FAERARIG E A
YrE I RV SRR IR SR ) ). B 224,
2010, 37 (1) : 59-64.

(6] k/NaN, 24, RNE, G AR S HE IR S
B AR ‘B2013 232 A U AR g ik A s A%
O3H [I]. B2, 2014, 41 (11) : 2225-2230.

(7] ERE, e, B, . PR S
SO I E YA EOR L] WLl Ry,
2016, 55(22) : 5811-5814.

(8] fu[iEAR, MEREIED, AR, 4. 8 FhARTE XY
2R TR A3 R 877 T3 280 SR K il o 2 14 52 i)

[J]. iR, 2017 (2) « 220-223.

(9] W], XIEWk, B, % . HASRPHEE AN
BoCCCH1 WSERERIF IR [J] . BAR=4R,
2016, 30 (3) : 444-450.

[10] Park H G. Molecular breeding for plant disease
resistance: Prospects and problems[J]. Plant
Pathology Journal, 2001, 17 (1) : 1-8.

[11] s, sk B, ELE AP EAOCE R 1



[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

BRI e b Je iR (D] Bl 22541, 2013,
40 (8) :1583-1590.
KE, R, AR, 55 . YR ARG
FHACIR PRI E R [T] . AP R,
2012 (5) : 20-24.
Sinha M, Singh R P, Kushwaha G S, et al. Current
overview of allergens of plant pathogenesis related
protein families [J]. Scientific World Journal,
2014: 543195.
sk, Bk, FEWE K, 4. K B-1.3- iR
B (GmBG1) KL [RI IR R AR L) 15 B 5
GrdT [J]. SN = S0 A7, 2017 (3) :
1035-1042.
PR, IR, FEIRAE . B-1.3- HIRMERES
FIRIBURTELT ] PEIEROLAA4R, 2005, 14(4):
135-139.
Shah J, Klessig D F. Identification of a salicylic
acid-responsive element in the promoter of the
tobacco pathogenesis—related beta—1,3—glucanase
gene, PR-2d [ J]. The Plant Journal,1996,10(6):
1089-1101.
Wu C T, Bradford K J. Class I chitinase and
beta—1,3—glucanase are differentially regulated
by wounding, methyl jasmonate, ethylene, and
gibberellin in tomato seeds and leaves [J]. Plant
Physiology, 2003, 133 (1) : 263-273.
Hwang D U H, Kim S T, Kim S G, et al.
Comprehensive analysis of the expression of
twenty—seven beta—1, 3—glucanase genes in rice
(Oryza sativa 1..) [J]. Molecular Cells, 2007,
23(2):207-214.
KNI, X FAM, TR, A S ST G
JERRTCEIRBUAR i 45 (] AR E 1L B
“Flz, 2016, 17(6) : 1106-1115.
Pich U, Schubert 1. Midiprep method for isolation
of DNA from plants with a high content of
polyphenolics [ J]. Nucleic Acids Research, 1993,
21(14): 3328-3328.
Chomezynski P, Sacchi N. Single—step method of
RNA isolation by acid guanidinium thiocyanate—

phenol—chloroform extraction [ J]. Analytical

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[30]

[31]

81

Biochemistry, 1987, 162 (1) : 156-159.
Artimo P, Jonnalagedda M, Arnold K, et al.
ExPASy: SIB bioinformatics resource portal [J].
Nucleic Acids Research, 2012, 40: 597-603.
Kumar S, Tamura K, Nei M. MEGA3: integrated
software for molecular evolutionary genetics
analysis and sequence alignment [ J] . Briefings
in Bioinformatics, 2004, 5 (2) : 150-163.
I, VTG, R, 5 FSEIIAINEE B-1,
3— FISRME AL 7RI MG T ik [J] . 46
Wy, 2017, 52 (5) : 10-12.
Legrand M, Kauffmann S, Geoffroy P, et al. Biological
function of pathogenesis—related proteins: four tobacco
pathogenesis—related proteins are chitinases [ J].
Proceedings of The National Academy of Sciences
USA, 1987, 84 (19) : 6750-6754.
Agarwal P, Agarwal P K. Pathogenesis related-10
proteins are small, structurally similar but with
diverse role in stress signaling [ J]. Molecular
Biology Reports, 2014, 41 (2) : 599-611.
mER, WES, 4, 5. —DRE B-1.3-
TR MH G SL R 42 K cDNA 11 58 B 5 R AE 2 #
L] AE¥I#4H, 2007, 33 (8) : 1310-1315.
r ik, SN, SRR, 4F . R S/NE HAR
R B -1, 3- R ME L N B2k T [T
LA R 22441, 2014, 37 (3) : 7-12.
Ali S, Chandrashekar N, Rawat S, et al. Isolation
and molecular characterization of pathogenesis
related PR2 gene and its promoter from Brassica
juncea [J]. Biologia Plantarum, 2017, 61 (4) .
763-773.
BT, MR, BT, 45 . B-1,3- MR
B ANUT TSI 155 DR S X B AR i it
95 22 (1], HE W B 2% 412, 2009, 39 (6) :
600-607.
Lovelock D A, Donald C E, Conlan X A, et al.
Salicylic acid suppression of clubroot in broccoli
(Brassicae oleracea var. italica) caused by the
obligate biotroph Plasmodiophora brassicae [ J] .
Australasian Plant Pathology, 2013, 42 (2) : 141-153.
(e SRA0)



