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Molecular cloning and expression patterns of
LcAPX from Lycium chinense
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Abstract The objective of this study was to explore a ascorbate peroxidase ( APX) gene in Lycium chinense by the
methods of Reverse-Transcription PCR and RACE, and deduce the structure of this gene by bioinformatics,and analyze
gene expression by real time PCR. The full-length cDNA of L. chinense APX (designated as LcAPX) was 1 047 bp
(Genbank No. KX981601) ,and contained a complete open reading frame (ORF) of 753 bp, which encoded 250 amino
acid residues. Sequence analysis showed that LcAPX protein contains the heme binding site, substrate binding site,and
K* binding site. Homology analysis indicated that the deduced LcAPX protein was highly homologoud to other APX
proteins from different species. LcAPX protein had closer relationship with APXs from Solanaceae plants than from other
plants. The expression of LcAPX gene was the strongest in the mature leaves of L. chinense,and the least in flowers.
Furthermore, LcAPX transcription level was induced under the treatment of PEG and NaCl stresses,and LcAPX played a
role in resistance to drought and salt stress processes.

Keywords Lycium chinense; ascorbate peroxidase; gene cloning; expression analysis
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Table 1  Primers used in this test
5149 AT IR T 51 (5'—>3") 3%
Primer Nucleotide sequence(5'—>3") Purpose
APX-QF1 TG(T/C)GCTCCT(A/O)T(T/C)OATGCT cDNA B o [
APX-QRI1 AAGAAGGC(G/A)TCTTCATCC For cloning the fragment of cDNA

3outer APX1
3in APX1
3in APX2

Souter APX1

CCGGAGGACCTGATGTTCCCTTTC
GGCTCTACTCTGTGATCCCGCTTTCC
AGGGCTGTGACCACTTGAGGGATG
CCTCAAGTGGTCACAGCCCTTGGT

5in APX1 AGCCTTGAGGTACTCCTCGCTCACG

5in APX2 CCAGGGTGAAAGGGAACATCAGGTC

GAPX5F1 ATGGG(C/TOAAGT(C/G)CTATCCCAC(T/OGT
GAPXRI1 TTAAGCTTCAGCAAATCCCAAT

GACTINYF1 CCATCTACGAGGGTTACGCTTTG

GACTINYR1 AGTCAAGAGCCACATAGGCAAGC

GAPXYF1 AGGGCTTCTACAGTTGCCATCAG

GAPXYRI1 GTGAGCCTCAGCATAGTCAGCAA

3'-RACE ¥ 1%

3'-RACE amplification A

5'-RACE §" 14

5'-RACE amplification

LK IEH Y

For cloning the full length cDNA
2K

For reference gene

RT-qPCR %3k

RT-qPCR expression

1.5 APXEEMEMNE

APX 16 PRI A2 #e BE 5 M B8 A ) B OR A BR
Tl (www. cominbio. com) B ) & 58 1Y .
1.6 PBhiBALIE

PAH AL 4 Bk IR 8 M R SR TR (50%
PEG) . 100 umol/L ¥ NaCl ¥ ¥ &b ¥ 4 & . kb 33
0.6.12,24.48 M 72 h J5 B AL ik /-, JH F g 4g
APX B FRIK T

2 HBRE5SH

2.1 LeAPX EE£ K cDNA TESFEFIHHT
PiAA it 8 RNA S S5 21 cDNA 5
#z . Kl RT-PCR J7 i Ml RACE Jr k4 A fe Hi R
IR it E AL LeAPX B[R 424 cDNA, 5%
LS4 & APX-QF1/APX-QR1(E 1) #4741,
RT-PCR 55 400 7 4845 604 bp 19 7 Bt (B 1(a)).,
FRHE I 5 45 5, %11 3'-RACE $: 2 5X 8|9 4h 5]
Y1 3outerAPX1 M1 5] 3inAPX1,3inAPX2 (&1t
T2AWEI W) (£ 1), 3-RACE-PCR # 1 45 J
(JE T(byHr 31,32 ¥k i) 2 Jy 43 B 4 300 A
522 bp £ s MRE DN 45 R L 83T 5'-RACE 4% 57 4
X5 Y: 45| ¥ SouterAPX1 A1 N 5] ¥ 5inAPXI1,

S5inAPX2(# 3t T 2 A~ W51 #) (% 1), 5 -RACE
PCR §" #4558 (1 1o 51 F 52 Jik3E) 28I % 4%
JARAR 139 Fl 447 bp 474 .

i 1] DNAssist 8¢ 317 5 51 9f 3 3545 4 Al
APX HP 4K cDNA JF51 1 047 bp. FI IS A&
GAPX5F1/GAPXRI § ¥t APX Fe K 14 JF B e
THESF 41 753 bp(J&] 1(d)) 4% 250 N FEMR .
it Blast b, AR5 (5] U5 PR 8 LA 3% 0 55 R 4w 4%
LAPX , HM R A A e 75 WIE 2, DNAstar
B PO 1) Le APX 0 BE /R ¥ 91 43 A R W % 4R
FIo3 o 27,48, 45 H1 A5 pl O 5. 798, Ho v i M 4
FETR 30 A4S RRYEEIETR 37 AL B K PE R SER 88 1.
WetE & FE R 43 4. MIAD LeAPX B = 2% 45 4 P Il
&l 3,

2.2 LeAPX HREBF TS

BHIFE LeAPX 5 S48 % (Solanum tuberosum )
FThn (S. lycopersicum) B ML (Ca psicumannuum) |
MHEL ( Nicotianatabacum) | i ¥ (S. melongena) . H#i
% (Rehmanniaglutinosa) % Y 09 APX & L2 ¥
4T BLAST [R5 M e X, & Bk AC i APX 3 [
i i 1) 2 11 91 5 HAB ) B ) APX SR 1R J 51 AH
DL B8 ¢ e o P 0 BB L 7 80 1 B 1R ) )
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M:DL2000
() 5941 & APX-QF1/APX-QRI1 454 : (b)3'-RACE £5 5,31 2y 3inAPX1,32 2y 3inAPX2 45 ; (0)5'-RACE £ 5,51
5inAPX1.52 24 5inAPX2 454 ; (D 5% GAPX5F1/GAPXR1 ## ORF,
M. DL2000; (a) The result with primers APX-QF1/APX-QR1; b. The result of 3' RACE, 31 with 3inAPX1, 32 with
3inAPX2; (¢) The result of 5'RACE,51 with 5inAPX1,52 with 5inAPX2; (d) ORF with primers GAPX5F1/GAPXRI.

1 #HJ#2At B LcAPX B9 ¢cDNA 5 31 B 52 &
Fig.1 Cloning of LcAPX c¢DNA from Lycium chinense

-94 GAAAACTTCATTTCATTTCAGTGTTTGTGGTTTGGTCGTGCCGTTCTATTTCTCTCTCTAGGGTTTAACATTTTGCTTCT
-14 TCAGAACAGTTACGGTAAGTGCTATCCTACCGTGAGCGAGGAGTACCTCAA GGCTGTTGACAAATGTAAAAGGAAA
M GKCYPTUVSEETYLI KA AVDEIKTCEKTREK
67  CTCAGAGGACTCATTGCTGAGAAGAATTGTGCTCCTATTATGCTCCGTCTTGCATGGCACTCTGCTGGTACGTATGATGT
LRGLIAEZ KNTCAPTIMLARLAWHESAGTYTDV
147 GTGTTCCAAAACTGGAGGTCCTTTCGGTACCATGAGGTTCAAAGCTGAACAAGGACATGGAGCAAACAATGGTCTTGACA
c S8 KTGGPFGTMBREFIEKAE®QGHGANNGTLTD
227 TTGCTCTGAGACTCTTGGAGCCCATTAGGGAGCAGT TTCCTATCCTCTCCCATGCTGATTTCTACCAATTGGCTGGTGTC
I 4A4LRLLEPTIRES® QFPTILSHADTFYQLAGV
307 GTTGCTGTTGAAGTTACTGGAGGACCTGATGTTCCCTTTCACCCTGGTAGAGAGGACAAGCCAGAACCACCTGTTGAAGG
vV AVvVEVYTGGPDVYPFHPSGRETDEKPETPFPVEA®G
387 TCGCTTGCCTGATGCCACCAAGGGCTGTGACCACTTGAGGGATGTGTTCGTGAAACAAATGGGCCTTTCTGACAAGGATA
RLPDATE KGCDHLUBRDVYVYFVYKQQMGLSDIKT?D
467 TTGTTGCGCTCTCTGGTGCCCATACCTTGGGAAGGTGCCACAAGGAGCGATCTGGTTT TGAGGGACCT TGGACTGCCAAT
I vaALSGAHTLGRCHEKETRSGFETGPWTAN
547 CCCCTCGTCTTTGACAACTCATACTTTAAGGAACTTTTGAGTGGTGAAAAGGAAGGGCTTCTACAGTTGCCATCAGACAA
pPLVFDNSYFIKELVLS®SGETZ KESGLTVLA QLPZSTDK
627 GGCTCTACTCTGTGATCCTGCTTTCCGTCCCCTTGTTGAGAAATATGCTGCGGATGAAGATGCCTTCTTTGCTGACTATG
A°LLCDPAFRPLVETZ KYAADETDU ATFTFATDY
707 CTGAGGCTCACTTGAAGCTCTGTGAATTGGGGTTTGCTGAAGCGATGGTGATTCAGAAGGGTGGGAGTAGTGGCAT
A°E AHLKLT CETLGTFAE &
787  GTTTTTGITTATGTTTCACTTTTGAAAAGCTAGCTGGCGTTGTTGGATTTTGICTTICTTTTGCTGCTCTTACATCATGAT
867  ATAAATTTGGCAGCTATATTAGACGATTATATTGTCACTCTCGTCCAGCTTAATAAGTTTCTATTTCGTTTTTGATAAAA
947  AAAAAAA

FHENFERREIREID T ATG MZIEHHEF TAA,
The start codon (ATG) and stop codon (TAA) are framed.
B2 LAPX E[F cDNAFIIREEEERFT]

Fig. 2 ¢DNA sequence and putative amino acid sequences of LcAPX gene
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[ 4

B3 #i2 LAPX EAM=SHEN
Fig.3 Tertiary structural model of LcAPX

from Lycium chinense
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Fig. 4 Three putative conserved domains in LcAPX amino acids
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Ba R AL AR R @ ICE A 2 M I . Rosered color presents the same amino acid and deep-

green color presents two kinds of amino acids.

Fii Solanum Lycopersicum (NP_001234788. 1) ; L5 3 S, tuberosum (BAC22953. 1) ; 4] 42 Lycium chinense
(KX981601) ;48 ¥ Nicotiana tabacum ( AAAS86689. 1) ; #L 5§ IF Arabidopsis thaliana (BAA03334. 1) ; #74¢ Citrus
limon (ADK38619. 1) ; K &. Glycine max (AAA61779. 1) ; B H M Populus tomentosa (AGY78306. 1) ; /KA Oryza
sativa (BAA08264. 1) ;K Zea mays (NP_001152746. 1344 Vitis pseudoreticulata (AAZ79357. 1)

ES5 10fMEY APX SEBFI S HL

Fig.5 Multiple sequence alignment of amino acids of the APX proteins isolated from ten plants

J e AL LeAPX 5 H A ¥ APX (1 i 1k
K FH Clastalx 1. 83 #AFXT 2 3 #2751 L X J
T ) R A A R R Y 4 ) AR L 45 (I 6)
o Mfd APX 5 BHE W 5 4% 3 R
RIS FRG R R A ES M AEY 2k
2.4 LAPX EEMALHRMERIE

Pikife ACITIN 3 2,2 i Real-Time
PCR., 43 Hr A Ac i I B L i L st =5 B L &

R ORNBER D LR ORBCR IO AR AH h APX
FE A ik . S5 (B D Bos il APX S
PR AE 3 S8 I R o 3% 3K o i o FLIRFE R P L FE A
HOR AT F A T A Al . U R o APX SR
KB BRI 7.6.6.2.5.0 %, LI EZER L,
LcAPX fEA H AU A Rk,
2.5 MIFE APX &M

AL A ] 4% B b APX 3 #4224k UL & 8, APX
T P A G I R R R B AR TR IR, PR
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36 Macrotyloma uniflorum

73 Pisum sativum

— Momordica charantia
100 L Cucumis sativus

¢£| Vitis pseudoreticulata
Ziziphus jujuba
56 ————————— Zea mays
a9 Eleusine coracana
63 Oryza sativa
1‘ Hevea brasiliensis
5 Malus domestica
Camellia azalea
P LE |-| Citrus limon
Pinus pinaster
1?L Arabidopsis thaliana
” —— Nicotiana tabacum

Lycium Chinense

94 Solanum lycopersicum
93 L Solanum tuberosum

83

0.02

SRR Bootstrap (A 1000 %) . B 7R BRI .

The numbers next to the nodes give bootstrap values of 1 000 replicates. The scale bar indicates the ratio of site substitutions.

K& Glycine max (AAA61779. 1), i fz & Macrotyloma uni florum (AFN21427. 1), Wi & Pisum sativum (AAA33645, 1), 3% JR
Momordica charantia (AGJ72851. 1), 8 JX Cucumis sativus (AGJ72850. 1), #i % Vitis pseudoreticulata ( AAZT79357. 1), K Ziziphus
jujuba (BAM28755. 1), EK Zea mays (NP_001152746. 1) ,f&F Eleusine coracana (AE198602. 1) ,/K#f Oryza sativa (BAA08264. 1) ,1%
R Hevea brasiliensis (AAO14118. 1) ,3¢ % Malus domestica (ABP87792. 1), #8841 11125 Camellia azalea (AKP06507. 1) , %7 % Citrus
limon (ADK38619. 1), ¥ f#Y Pinus pinaster (AAR32786. 1), L f IF Arabidopsis thaliana (BAA03334. 1), ¥ Nicotiana tabacum
(AAA86689. 1) . MA2 Lycium chinense (KX981601) , & #ii Solanum lycopersicum (NP_001234788. 1), L% S, tuberosum(BAC22953. 1)

B 6 LcAPX SHh#E¥ APX B Q7 4t B #t b

Fig. 6 Phylogenetic tree of LcAPX and membership of APX proteins in other plants

0.081
0.07
.= = 0.06
n g an
2 -5 0.05
= ERE
3 o T 0.04
5 g i:_ 0.03
= £ 002
<0
0.01
0 0
1 2 3 4 5 6 7 1 2 3 4 5 6 7
AHIZHEY Different tissues AR 2 Different tissues
T 5 2 JZE 53 I 5 4, UERZE S5 4856 R T 2R 1ot 52, JE 53, U 5 4, MU ZE 5 5, 4656, 5 5 7, 4T
AR 7R R RN [ RHE AE 0. 05 K- 0E B E 25 . R KRR FEEFRRAF A BHRIZE 0. 05 KFAFFE B EEER .
1., Young leaf;2, Young stem;3,Mature leaf;4,Mature stem; 1, Young leaf; 2, Young stem; 3, Mature leaf; 4, Mature
5, Flower; 6, Green fruit; 7, Red fruit. Different letters mean stem; 5, Flower; 6, Green fruit; 7, Red fruit. Different letters
significant difference at P<C0. 05. mean significant difference at P<Z0. 05.
B 7 LAPX EMIRRABEALFHIRIE B8 HEHMICARELPN APX B iF &

Fig. 7 Expression of LcAPX in tissues of Lycium chinense Fig. 8 APX activities in tissues of Lycium chinense
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The expression of LcAP
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>
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R ET R G RN A L 6 h
5 B 0 v 0 BRI 2. 42 £, B 25 Ak B () 4 4E
K APX {5 M 10 25 B AIK, 7 48 ~72 h, APX J§ %
PE R Xt B 4096 ~53% . 7E PEG f1 NaCl fpi8 F »
LAPX SRR XA ZW LTHE FREMESE, L&
B )R ]

A

bedid

S W
—
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T
(=W
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0 6 12 24 48 72
PEGJpB I []/h Stress time

AR FABEF 7R AN TR 4 RHAAE 0. 05 K- B 22 R .
Different letters mean significant difference at P<Z0. 05.
B 9 LcAPX 7 PEG #0 NaCl i@ THIRIETZ b
Fig. 9 Expression profiles of LcAPX gene under PEG and NaCl stress
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MEL R L5 AL R ES A AL A K 254 47 45, 31X
3 AN ASAEAE W 1 B AR DY A A T R o
AIVE R TR i H-163,1-165,G-166 B A& IV 2k ifn.
LRGBS SRR Y45 G 5 FE 25 B o & b
BONEE R EAT T REIL[R 2 5 0 bR Al 7k N AR
B It AL - DT R P e i
P R AR AT R 4 B T 4 T B AP X (cDNA)
HPH 4K 965 bp, ORF K 753 bp., ¥ 1% 5 A % 5 4
b SRR AR AP X BTG R T B4, 5 A
5% o T 52 B (4 3L R (1 ORF A K /A ] .

APX S5k A R4 K & & MK, 78

MY RR AR 0 R AR L R B R AR R
J3Ah APX e ] LAwa 7 g it AR T 5 HE R
TR A Y A AR 5 A S A IR ST, M AT
LeAPX FEDH 3Rk 2 80 B i 41 80 S 1 HEAE
AT B R R A B A e o TE A R ZE T SRR
AR, FEAS 6] HE AR 4 30 v b 52 B TR) ) ) 5
M. LcAPX 1 PEG 4bFH 24 h Rk kF KR K. 25
A 7 NaCl Jfhil 6 h ik, A5 & W HAd
RIS LA APX e, X iE— 26 0 58 i B4 4
APX JH K HYfeth A EE MR L.
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