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Cloning and Tissue Expression Analysis of WRKY; Gene

in Lycium barbarum L.
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Abstract: With wolfberry (Lycium barbarum 1..) as material, polymerase chain reaction (PCR) combined
with RACE technology were used to clone a ¢cDNA of WRKY from wolfberry, named as Lb WRKY,.
(GenBank accession No. KX196192). Meanwhile, on the basis of bioinformatic analysis, we performed the
subcellular localization assays and tissue-specific expression analysis. The results indicated that: (1)
Lb WRKY, has an open reading frame(ORF) of 1 068 bp, which encoded a protein of 356 amino acid resi-
dues. (2)Bioinformatic analysis indicated that Lb WRKY; protein contains the one conserved WRKY mo-
tifs, the predictive secondary structure showed that Lb WRKY protein was made up of 15. 82% alpha-he-
lix, 6.63% beta-turn, 18.88% extended strand and 58. 67 % random coil. Lb WRKY, protein showed the
highest homology identity with WRKY protein from Chrysanthemum x mori folium and Artemisia annua.
(3)Subcellular localization assays showed that the Lb WRKY protein was located in the nucleus. (4)Real-
time PCR analysis indicated that Lo WRKY; was expressed in high transcript level in roots, low levels in
flower. The LO WRKY, gene expression could be detected during the whole period of fruit development.
Interestingly, Lb WRKY, gene showed a high transcription level in 35 days. The expression level in the
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pulp was higher than that in the seed and peel . Lb WRKY, gene takes part in fruit development and sugar

accumulation in wolfberry.

Key words: wolfberry; WRKY transcription factors; fruit development; expression pattern
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ry. phtml), @i NCBI # & T %k Lb WRKY, 2%
2 6] I8 77 41, Gl b DNAMAN #C{F #4 # & 4t i
e

1.2.4 WHRRBENM (1 H4h#mzx FHAGIAM
Hifd Lo WRKY, 4 ORF J¥51, #3595 A 2
ANBFYINL 8 BamH 1 Hl Kpn 1, JFWGY 18 7 BE A
pMD19-T A, 283 W5 1 BE G 18 , % BA 1 5 B i 47
DY B . $RIBCE T 4844 v e 09 BkL . WU U1 15
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GAGAAGT -3 fl QR-LbWRKY, (5'-TGTTGGTG-
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Table 1 Primers used in this study

5190 514 4 i A .

Description Primer name 51931 Sequence (5’3"
Lo WRKY s B8 By 5 FF-LbWRKY; CACAGTTGGAGAAAGTATGGAC
Isolation of Lb WRKY; fragments RF-LbWRKY} AAAGGTGGCGAATAGACTTGC
5-RACE 5F1-LbWRKY} CCGAACCACCTTTGCCTGAA
Rapid amplification of ¢cDNA 5" ends 5F2-LbWRKY; ACCCACCACCAACAACTATCA
3'-RACE 3R1I-LbWRKY; CGGATTCGGTCGTGATAGTTG
Rapid amplification of cDNA 3" ends 3R2-LbWRKY} AGTTGTTGGTGGTGGGTTGT
Lb WRKY; FF I B2 AE 3 Y F-LbWRKY; ATGTGCACTGATGATGGGTTAG
Amplification of L6 WRKY3; ORF R-LbWRKY; TTGTTCAAAA TTTGTTATTT G
SEA A2 it PCR QF-LbWRKY ATACCGCAAGGCTGAGAAGT
Real-time PCR of L6 WRKY; QR-LbWRKY; TGTTGGTGGTGGGTTGTGT
NS K AMFE Lo Actin F-Actin TCACACTTTCTACAATGAGCT
Reference gene Lb Actin R-Actin GATATCCACATCACACTTCAT
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WRKY; 1 R- Lb WRKY;. i f§ LA Tag DNA %
G 2K ENY .

ST 5453 T 1 068 bp 2K cDNA J¥
FICE 1), Horpr 4 Fpggi k& 52 5108 34. 06 (A) |

1 ATGGAAAAAGTTAAAGCTTTGGAGAAAAAGAAACTGATCAGTCAGTTAACACAAGGGAAG

1 M E K V K A L E K K K L I S Q L T Q G K
61 GAACTTGTAAATCAGCTGAAAAAACAGCTTGGTCCATTGGCTTCCCCTGAAGAATGTGAT
21 E L V N Q L K K Q L G P L A S P E E C D

121 TTACTACTTGGGAAAATATTGTCTACACTTGAAAAATCATTGTCAATTCTGAGTTTGAAG
41 L L L G K I L S T L E K S L S I L s L K

181 GCACTTCTTCTTGATGGTGGAATTAATGCTAATAACTCTACATCTTCATGCTCATCAATT
61 AL L L D G G I N ANINST S S C s s I

241 TCATTTCTTGGTAATAATCATAGTCCCAAGAGTGAAGTTTTGGATTCTTCAGTGGATCAA
81 S F L G N N HS P K S EV L D s s V D Q

301 TTGGAT TATTGTCTCCAAGAAGAGARAG TCACAACAATGGACTAATCAAATT
101 L D K N I V s K K R K K S Q Q W T N Q I

361 AGCATTTCTGATACTGGACATGAATGTCCACATGAAGATGGATATAGTTGGAGAAAATAT
121 S I S D T G H E C P H E D G Y S W R K Y

421 GGCCAAAAAGATATTTTAGGGGCTAATCATCCAAGGGCTTATTATCGGTGCACTCACAGG
141 G Q K D I L GA N H P R A Y Y R € T H R

481 AATACACAAGGGTGCTTGGCAACAAAACAAGTCCAACGATCAGATGGAAACTCATCAATC
161 N T Q G ¢C L A T K Q V Q R S D G N S s I

541 TTTGAGGTCACATACAAAGGAAGGCACAGTTGCAAAGTTGCACAATCAAATATCTTTTCA
181 F E V T Y K G R H S C K vV A Q S N I F S

601 CTTGAAAACCAAAAACGCCAA CACAACAAAAAACAAGAACAAGCCATGGAAATATTC
200 L E N Q K R Q K H N K K Q E Q A M E I F

661 AACTCTACACCAAACCATAAAGTTGAAAACTTTAGCATCACAACAGAAGAAGAAGTTTTC
221, N S T P N H KV E N F 8§ I T T EE E V F

721 ACCCCTTTTTCATTTCCTCCTACACCACTAAACCTTGAAAATGTTGAAGAAACAAAATTA
241 T P F $ F P P T P L N L E N V E E T K L

781 TTTTCCGATTCCATGGCACCATTTTCATCTCCAATAATGTCAGAATTGCCCTCGTACTTG
261 F s D s M A P F S S P I M S E L P S Y L

841 TCCATGTTGACGTCCCAAARATGACGAATTTGGAATGGACCAAATTCTCCAGAGCTCGGAT
281 S M L T S Q N D E F G M D Q I L Q s S D

901 TCGGATCTTACTGAATTGATCTCAACACCAACTTCGGATTCGGATCTTACTGAATTGATC
301 S D L T E L I s T P T S b s D L T E L I

961 TCAACACCAACTTCGATTTCTGATTCCACATTTGGTAGAGACTGGGATTTGTCTGTGGAT
321 s T P T S I s b s T F G R D W D L S V D

1021 TTTGAACCTAATGTCACATTTGACATTGAAGAATTCTTCAGTAATTAG
341 F E P N V T F D I E E F F S N *

TFRILE 3 WRKY Ry 8589 585 « S 28 F 2% % F
B 1 Lo WRKY, 3[R i #% 17 B2 Iy 1) B Al 5 1)
BEER )T 5
The WRKY domain is underlined; * means stop code
of amino acids
Fig. 1 Nucleotide sequence and deduced amino acid

sequence of Lb WRKY; in Lycium barbarum

15. 7% (G).30. 9% (T M 19. 5% (C), i NCBI
BRI R 8 R R Y 58 T WRKY
Mok FRN NN, By sl 4N Lo
WRKY, .GenBank %5 KX196192,
2.2 #42 Lb WRKY; R E 545 %E 9

it DNAMAN #4453 8 @78 Lo WRKY; B
A A58 B TF LB S HE , g i 356 DE R, T A
—/~ WRKY 57 3, % 5% 8 B 1 55+ X Cor
Hiigs Noy Os00 S, o 43 F 1R 22, 33kD, 25 11 &5 5. 52,
£ 5 IE HL ARk (Arg+ Lys) O 20 A, 7 £ H % Ak
(Asp + Glw) K 28 4>, #H— A a, xEH
AFEE REBCR 40,57, 5 T RBCH 59. 74,7 ¥ 30K
R E0h—0. 803,

% CBS Ik % %%’ 35 i) NetPhos 2. 0 Chttp://
www. Cbs. Dtu. dk/ services/ NetPhos/) Xf Lb
WRKY, 2 FF 91 i 47 95 12 1k A7 s 20 A & B %%
G| 45 6 4~ Ser ,2 A4~ Thr F1 2 4~ Tyr Al GE LR
P19t W TR Ak 62 5. Signal P4. 0 Server # 4 43 Hr
B, Lb WRKY,; AR EGES K, X5 ProtComp
Version 9. 0 I Lb WRKY, W 40 jitd & 1 75 41
MR RAM AT A . A SOPMA #5443 #r . & PR
Lb WRKY, 25 H =245 14 vh o AN FL00) 4 il 25 4 e o
He A5 B K s R 58, 67 94 5 S i 4% 45 4 Cextended strand)
W2 18.88% o WRTE LUy 15. 82 %0 5 B 1% f e b AN
5 6.63% ., Lb WRKY, & H =4E45#) WA 2,

2.3 Lb WRKY, 1% FF 5 b Xt 5 i#t 44 3 47

Blastp & 1 b % & Bl. Lb WRKY, 5 % 3k 4§
WRKY7.#% £ # WRKYL. J} & WRKY11. % i
WRKY53 A% WRKY39 & FI A 8= AHRLUE, 25
AH—1 WRKY i3,

M NCBIHETT 4 8 8 5 (No) e it 5 Lb
WRKY,; 5 K 4 i & HAH IR R S 1 12 S A7
51, % H DNAMAN #4:, A H N & Neighbor-join-
ing VLM EEEAEAY . S5 F I ML Lb WRKY, 5
%3445 WRKY7 (KC615361. 1) B 7F—ig, 4 FiE
B R 5 ¥ A6 s WRKYL (FJ390842. 1), %
335 WRKY53 (KM359566. 1) 14> F FE £ 1, A Xt
(K 3) .

2.4 H#J#2 Lb WRKY, &8 I 40 i1 7 {iz

EFEA 40T & B Lb WRKY, (4 N 3 B A 8%
ENES K, &% [ W4 M & ProtComp Version
9.0 #AHEDN Lb WRKY,; A7 T4IMIA% N . I IE
X, )R V203 R A0 M R B R GE R A X Lb
WRKY, #4740 i 7 0F 5 . 4 2 19 1 0 ¢ 3k 2%
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& pCAMBIA1301-Lb WRKY,-GFEP #1,Lb WRKY,
1 C Kui 5 GFP Fl4 (E 4,A), Bk DNA 27

2 Lb WRKY, i I = 4 45 #4 Fil I
Fig. 2 Three-dimensional structure of deduced

Lb WRKY; protein

B E S e AR AR AT TR b L SR FH RE DRAR v B Ak vE 2
TR, 35S CaMV 4 AL S o T REWE 5 s B A
TEA0 L 3k RT3 o Sl e W 58 A 4 i PR 1 4 £
TS SR E Lb WRKY, 7640 b i 4> i . 45
KR K5 Lb WRKY; @l & 1 35S + GFP (]
X RED 43 A T HE A Al b (L 4, A1 Lb WRKY;
: GFP il & 8 (& O T A AZ b (B 4, B), il B
Lb WRKY; J& B4 40 i i e S DI se i 85 1 .

2.5 LbWRKY; HIEERIES

2.5.1 LbWRKY, HBRERRHERESH FH
SEEFAE ft PCR #4381 Lo WRKY; 7EMR L ZE (it 4E
R RIKEN ., 45 R, Lo WRKY, &4 E Y
A RIK AHFRIK AR R AR iy Rk B A 7R

lOIO% 9(|)% 89% 70[% 60]% 50|% 4(?%

3L Chrysanthemum x morifolium WRKY7 (AHC54612) ]ﬂ,
88%

AL Lycium barbarum L. (Kx196192)

WAL Artemisia annua WRKY 1(ACJ12926.1) ——— —

Z 3% Chrysanthemum x morifolium WRKY53 (AJF11719)
F12% Salvia miltiorrhiza WRKY 11(AKA27877.1)

J1% Salvia miltiorrhiza WRKY 10(AKA27876.1)

ERM Populus trichocarpa WRKY 41(EEE82788.1)
B Populus tomentosa WRKY 21(ACV92023.1)

AR Manihot esculenta WRKY 39(AMO00407.1)

[tk Gossypium hirsutum WRKY 33(NP_001313867.1)
[t M Gossypium hirsutum WRKY27(NP_001314149.1)
¥ 8 Solanum tuberosum WRKY 53(XP_006352253.10)
U4 ¥ Arabidopsis thaliana WRKY 41(AAL35289.1)
PEREEAE Medicago truncatula WRKY (KEH34389.1)

145%

%

47%

3 Mifd WRKY, 5H ALY A WRKY & H 1 & 4 8t 1L o Hr

Fig. 3 Phylogenetic evolutionary analyses of WRKY proteins from different plant species

T T e g
ATFA
1 ", 1 By

-

4 Merge

AL BT I 3B, 35S + GFP ¢ Lb WRKY; Bl & &#E 1
4 HpAd WRKY, 25 9 020 i 5 o7 45 2R
A. Negative control; B. Fusion protein of 35S : GFP : Lb WRKY}
Fig. 4 The results of subcellular location of Lb WRKY; protein
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Relative expression
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M Root 25 Stem I Leaf {t Flower
AN[F#%E Different organs

/NG SRR RN AN [R] 2 B R R R gk 22 S 1 3 M (P<C0. 05)
5 Lo WRKY,7ER[R a8 B i 5B 4 B
The letters indicate significant differences
in different organs (P<Z0. 05)

[~

Fig. 5 Expression pattern analysis of L6 WRKY, in

different organs
101

- e} [~]
T T T

A 21K
Relative expression

(3]
T

0

7 14 21 28 35
A& & Y] Different development stages/d

NG b R MR R ] 77 B D 3R 16 2% 50 .
(P<C0.05)
Bl 6 Lo WRKY,7e RSN R % & Br BLi K 15

The letters indicate significant differences in
different growth stages of fruit (P<Z0.05)
Fig. 6 Expression pattern of Lb WRKY; in different
growth stages of fruit

L 1 IR U TR AE Y 2R 358 AR X R IR
(1 5)  JF BT &% B 3R 3K i 19 22 5 1893k 3 b W 2%
KA X R Lo WRKY, BYRIKBA SR w1k
2.5.2 LbWRKY, ARLXEARMBEHRES
o A SR E B PCR ¥4 Lo WRKY s 7EAfd
RIRE AR BBk ik iy 28 6), 45251
RUTERIA 5 MERB B, KRB R BH T 1
RLKFER 1B BRI RAL.35 d i Lo WRKY,
KB WE(R, OF HOR SR & AN By Br ik & 1 22 7 1
LT G
2.5.3 LbWRKY; ER#RIABAHARANRE S
o @ BT Lo WRKY, 7 2R 52 A [R] 20 2L
s . KB Lo WRKY, 1628 A i) %R ik & 5
TR SR B2 PP 2R I T A R T v R R Tk A A
IRCE 7, JF BRSO R 2H 3R GA B0 22 e 1

HH X0 it
Relative expression
[\ w

—
T

a
b
I |
Fp Peel T Pulp  FiT Seed
R [R 4 2 Different tlssure of fruit

NG TR SRR RSN R G54 TR K38 22 71 B 3 P (P<0. 05)
BT Lb WRKY, {52 0 45 /2 4435 40 B
The letters indicate significant differences
in different structures of fruit (P<C0.05)

Fig. 7 Analysis of Lo WRKY; gene expression pattern

in different structures of fruit

HE e S/ S
3 1 i

AWFFER ALY WRKY 25 0944 <7 5 51 38 12
[ ¥ 52 B 5 RACE J5 i i 2 3k 44 17 — > # A
WRKY # 3 [ ¥ 4 K cDNA ¥ 51, fir £ 4 Lb
WRKY;, Lb WRKY; SER 4% A 1 A~ Al
WRKY Z5taysel . il C i B A 14> C Hy BYBESE
ZE My, 5 % 3k 3 WRKY7 ( Chrysanthemum x
mori folium KC615361. 1), 8 85 WRKY1 (Arte-
misia annua FJ390842. 1) & H A E &R & . 8 1R
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