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2 I FUEECAT2E RN B RFRIE T

AT KA BRKT T O KR OBEA K E OEREK
CHREE A BB VI LT, 4R AR S B ST 50, AR B TR AT 52 o, M 350013)

WE AR AL NS WL-3 08 K R R R R A, 2 &R R A BT
Pt e Fo 20 %) FRAF58 073 Frunigenes/F 71, 3 ¥, 27 3014 unigenes /£ 8 L 7] & R A KPR A &
o, A EF R IR KB F 647 B 152 882 B 4 i AL A8 (catalase, CAT) 49 25 B 2 K 5 71
(unigene0033876). - # L I, % F 54 K1 690 bp, &L41/~1 479 bp#y IF 5% i A4 4E (open reading
frame, ORF), | % #5492/~ &K B8, #2 48 4 T & (molecular weight, Mw)# 56.94 kDa, % & %
(isoelectric point, pl)#47.31, e & AR5 #H 5 F1Ed )N, B3 P Fo5 N BB & @ i 648
M FEIT%A L, B 7 FEGRT M, KABS 4 AHLcCAT2, GenBankA & 5 HKR184674, % K&
FPCROM4E R KN, LecCAT2 AR A AR F ik bk, BNt A FREAERG, P REER
1&. LeCAT2R B EFTikegon L Nsuft P ey R A HE— RO £F, SBLRNFOREEH ST
HARLIN, LeCAT2HAR R 2538 2 Koo At WL-3" R B iR A tF T o9 R X SR )3 i 2 Eif A
BASY, TN, LeCAT2RA R RN R NAB TR P RE—FARER. 2R 8 EMNER
LM s R P IR S L KR AB TR AR, H4E LN At 69t B At — 48 7 L BB T
FE AT A o i e,
KR 2N HRAN T LeCAT2; % Z ZPCR

Isolation and Expression of Catalase CAT2 Gene from Luffa cylindrical

Liu Jianting, Zhu Haisheng*, Wen Qingfang*, Wang Bin, Zhang Qianrong, Chen Mindong, Lin Hui, Xue Zhuzheng

(Crops Research Institute, Fujian Academy of Agricultural Sciences, Vegetable Research Center, Fujian Academy of Agricultural
Sciences, Fujian Engineering Research Center for Vegetables, Fuzhou 350013, China)

Abstract The RNA-seq technique was used to analyze the changes of transcriptomic occurring in the
browning of fruits from Luffa cultivar “WL3’. A total of 58 073 unigenes were assembled from high-quality reads,
and 27 301 unigenes were differentially expressed during the browning process of Luffa fruits. In this study, full
length of agene sequence (i.e., unigene0033876) annotated as catalase CAT gene was filtrated from the differentially
expressed genes. The sequence analysis showed that unigene0033876 reached a length of 1 690 bp and contained a
1 479 bp open reading frame (ORF) that encoded 492 amino acids, with a predicted molecular weight of 56.94 kDa and
a hypothetical isoelectric point of 7.31. It shared over 97% identity with the homologous proteins from Cucurbita
moschata, Cucurbita pepo and Cucumis sativus, revealing that it was highly conservative, and the GenBank
accession was KR184674. The results of qPCR (Real-time quantitative PCR) revealed that LcCAT2 exhibited a
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tissue specific expression, the expression level in Luffa cultivar ‘WL-3’ leaves was the highest, and minimally

expressed in flowers on the contrary. The levels of LcCAT2 were different among six luffa varieties, and the

expression in Luffa cylindrical was higher than that in Luffa acutangula Roxb. Furthermore, the level of LcCAT2

in “WL3’ was up-regulated during post-harvest storage, suggesting that LcCAT2 gene may play a regulatory role in

luffa browning process. The survey aims to excavate the genes associated with Luffa browning from transcriptome

sequencing results, and make contributions to breeding of the Luffa varieties and ulteriorly revealing the molecular

mechanism of Luffa enzymatic browning process for the future.
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S0 7R A R BB R S It S AN DR 5 U A
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HPCRY| Y. FEHIEA 5 ¥)LcCAT2-Fq: 5'-TCA CCA
TAA CAA CCA CCA TGA AG-3', X ] 5| ¥)LcCAT2-
Rq: 5'-CAC ACA CCT TTC TCT CTT TCC G-3', FF
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1 gcagtgttcctcctctcttcttccaactgtacaaetcttctgtctctctctctctcttcctccgccgccGATCCCTACAAGTACCGGCCATCAAGCGCGTAC
1 MDPYKYRPSSAY
106 AACACGCCCTTTTGCACGACGAACTCCGGCGCCCCAGTATGGAACAACACCGCCGTAATGTCCGTCGGAGAACGCGGCCCAATCCTGCTGGAAGACTACCAACTC
BNTPFCTTNSGAPVWNNTAVMSVGERGPTLLEDYAQL
211 ATCGAAAAAATCGCCACCTTCACTCGCGAGCGCATCCCCGAGCGCGTGGTCCACGCGCGAGGAGCCAGCGCCAAGGGGTTCTTCGAAGTGACCCACGACGTCTCC
481 E K I ATFTRERTPERYVHARGASAKG GEFFEVTHDVS
316 GACCTCACCTGCGCCGACTTCCTCCGCGCCCCGGGGGTCCAAACCCCGGTCATCGTCCGGTTCTCCACCGTCATCCACGAGCGCGGCAGCCCGGAGACCCTCCGC
8D LTCADFLRAPGYQTPVIVRFSTVYIHETRSGSPETILTR
421 GATCCCCGTGGGTTCGCCGTCAAATTCTACACTCGCGAAGGCAACTTCGACCTGGTGGGCAACAACTTCCCGGTCTTCTTCGTCCGCGACGCCATGCAATTCCCC
18p PR GFAVKFYTREGNTFDLVGNNTEFPVFFVRDAMQTEFTP
526 GACGTGATCCGCGCGTTCAAGCCGAACCCCAAATCCCACCTCCAAGAAGCCTGGAGATTCCTCGACTTCTGCTCCTACCACCCGGAGAGCCTCCTCTCCTTCGCC
DV IRAFKPNPKSHLAQEAWRTFLDTFCSYHPESTLTLSTFA
631 TGGTTCTACGACGACGTCGGCATCCCCATCAACTACCGCCACATGGAGGGCTTCGGCGTCCAGGCCTACTCCCTCATCAACAAGGCCGGCAAAGCCCGCCTCGTC
88WFYDDVGIPINYRHMEGFGVQAYSLTINEKAGEKATRTLYV
736 AAATTCCACTGGAAACCCACCTGCGGCGTCAAGAGCATGCTCGAAGACGAAGCCATCCGAATCGGCGGCTCCAACCACAGCCACGCCACTCAGGATCTCTACGAG
223K FHWKPTCGVKSMLEDEAIRTIGGSNHSHATAQDTLYE
841 TCCATCGCCGCCGGGAACTTCCCCGAGTGGCGCCTCTACATTCAGACCATCGATTACGAGGACCAGAACAACTACGACTTCGAGCCGCTCGACACCACCATCACT
258S I AAGNFPEWRLY T QTTITDYEDQNNYDFEPLDTTTIT
946 TGGCCGGAGGACGTCGTGCCGCTGCAGCCGGTGGGCCGCTTGGTGCTGAACAAGAACATCGACAACTTCTTCGCGGAGAATGAGATGCTGGCGTTCTCCATGTCT
293W P EDVVPLQPVGRLVYLNIEKNTIDNFTFAENEMLAFSMS
1051 CTGGTGCCCGGAATTCATTACTCCGACGACAAGATGTTGCAGGCCAGAAGCTTTGCTTACGCCGACACGCAGAGGCATCGGCTCGGCCCCAACTATCTGCAGCTC
328L VP GIHYSDDKMLQARSTFAYADTQRHERLTGPNYTLAQL
1156 CCGGTCAATGCTCCCAAGTGCCCTCACCATAACAACCACCATGAAGGCTTCATGAACTTCTTGCATAGAGATGAAGAGGTCAATTACTTCCCTTCGAGATACGAT
3P VNAPKCPHHNNHHEGFMNTFLHRDETEVNYTFPSTZRYD
1261 CCTTGTCGCCACGCTGAGAAGTTCCCGATGCCGCCCAATGTGCTGACCGGAAAGAGAGAAAGGTGTGTGATTCCAAAGGAGAACAATAATTTCAAGCAAGCTGGA
398pP CRHAEKFPMPPNVLTGKRERTCYITPIKENNNTFEFZEKA QAG
1366 GACAGATACCGATCATGGGCACCAGACAGGCAAGATCGATTCGTGAGGCGATTTGTGGAAGCGTTATCGGACCCGCGCGTGACGCACGAGGTTCGGAACATATGG
43D R YRS WAPDRQDRFVRRFVEALSDPRYTHEVRNTIW
1471 ATCTCGTACTGGTCTCAGGCTGATAGGTCTCTGGGACAAAAGATAGCGTCTCGTTTGAACGTGAGGCCAAACATCgaaagccaacgtgattggattatgttg
4681 S Y wWsQ@ADRSLGQKTITASRLNVRPNTI=*®
1576 gtgaatgtgtaatgttaatgtgtaatataagaagggcatatctgcaaaaactagaatcttggaggaaatcttgtaaaagtaaaagtaaaagtaaaagtaaaaaaa
1681 aaaaaaaaaa
PR IX KRS FRBAE 7 BEFR AR, BiE T 00T L R T 2 0 P A PR o e sl R X DN 5 R 7 BE AR, e 4R S'UTRAI3'UTR. J5AE
WL UR 2R T (ATG) M IE 5 1-(TAA)
The coding region is marked with uppercase letters, under which is its deduced amino acids. The transcribed untranslated regions are marked with
lowercase letters, which include 5'UTR and 3'UTR squences. The initiation codon (ATG) and termination codon (TAA) were labeled by boxes.

[E1 LcCAT22 K cDNAFEFI R EEEEFT

Fig.1 cDNA full sequence and corresponding amino acid sequence of LcCAT2

R1 NEEYISRIRCATHEEBRE R MR 7 RIBUME RO
Table 1 The comparison of composition and physical and chemical characterization of amino acid of
CAT from different plant species

S
LR AT (%)
e A QAL
i ABRAHC A FREKD) o Ratio of amino acid (%) BB
Number of Theoretical relative -
Plant . . PI [irges itk Jig s i RS GRAVY
amino acid molecular mass (kDa) O . o .
Positive Negative Aliphatic ~ Aromatic
Luffa cylindrical 492 56.94 7.31 59 58 308 62 —0.538
Cucurbita
492 57.06 7.31 59 58 309 62 —0.536
moschata
Cucurbita pepo 492 56.95 7.32 59 58 308 62 -0.544
Cucumis sativus 492 57.05 7.14 60 58 309 62 —-0.548
Raphanus sativus 491 56.72 6.93 62 58 307 61 -0.571
Arabidopsis
. 492 56.93 6.93 62 58 305 59 -0.574
thaliana
Glycine max 492 56.85 7.09 62 59 303 61 —0.602

Vitis vinifera 492 56.98 7.02 62 59 301 67 -0.550
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E2 LcCAT2=ReEHFmm

Fig.2 Prediction of three-dimensional of LcCAT2
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2.3 LcCAT2ERERFRIEER
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NP_00129584S.
%P_013723778.
NP_195235.
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LcCAT2
NP_001295845.1
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P48352.1
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LcCAT2
NP_001295845.1
XP_013723778.1
NP_195235.1
AGC65520.

e (R Rk T B e, LR AR, R i RIA
HRK. IEECRER)RE O, 22N WL-3"dh AR
W LeCAT21 235 = FE AT BAR(E5) .

232 ARESATEE R4 EIEZ)R(WL-17,
‘WL-2’. ‘WL-3"FI“WL-4")F12 4 ¥ 22 JR(YL-1,
“YL-2) i R [ s 3 %) SR S 20 2R e Fe 0t B, ot
LeCAT2 RN AT e Bt . AR R W], LeCAT2
TE Rk (64 22 )R S Fh 2 22 S R I8, Mok, R im 22 I
wh FlCWL-4" N K08 & iy, HIROWL-1, WL-2
FIWL-3’, 4% 22 )i AP YL- U YL-2° 35 2K F
30k, 5 22 JIN( 2 #5728 it Bl R Le CAT2 5L TR 3R 16
K2 T b 22 (AN 4828 i A (K 6)

233 KRB ARREAEREE T AW S R I,
22 JINWL-3" it Filt B PR FE SR Ji5 0 et 2 A0 I B 8 5 7
ARG, LU M IR 6AS B Ak B O H R A
LeCAT2H: R 3R 15 /K3 R 1 A 1 WL-3” 22 JI b Fif
(BB J5 5 T A A0 VR R Ja A [ i g ] (R 44 ), K
SEAEIR(Q25+1 OV MF Tkl 3. 5. 7 dIJ R SERE
e GE BPCREA R TR, IEHEIENT, 2K
R LeCAT2 R R I 08 F= BRI, BE A K5 itk
KA SE N, SR PE T P L AE, AR N LeCAT25: A
)2k AR T3 R B R IE, HRESET7 AR A
LeCAT2RE N FRIEF A B e (K7) o

100
100
py 100
100
100
100
100

200
200
200
200
200
200
200

300
300
300
300
300
300
g 300

399
399
399
399
v 400
400
400

492
492
492
492
492
492
492

AHF27430.1: F§)K; P48352.1: PG #i/™; NP_001295845.1: #)K; XP_013723778.1: ERIHIHZE; NP_195235.1: A IF; AGC65520.1: HLALH . VoI

L1 AR L £ 305 PR SRR 51 F O AR R H -

AHF27430.1: pumpkin; P48352.1: cocozelle; NP_001295845.1: cucumber; XP_013723778.1: winter rape; NP_195235.1: Arabidopsis; AGC65520.1: loquat.

Domain I represented for catalase proximal heme-ligand, and domain II represented for heme active site.

E3 LeCAT2SE M hrREIREBN S FHIEEx

Fig.3 Multiple sequence alignment of LcCAT2 with other homologous sequences



XN EETT 46 22 )T S8k AU CAT2IE R 1 0 8 e 3 ot 1081

_|: Luffa cylindrical, ALJ53303.1
Cucurbita moschata, AHF27430.1

Cucurbita pepo, P48351.1

r Cucurbitaceae

Cucumis sativus, KGN47533.1

Cicer arietinum, XP 004500877.1

r Leguminosae

I Glycine max, NP 001237556.1

_E Brassica juncea, XP 009138342.1
Arabidopsis thaliana, NP 195235.1 Brassicaceae

Raphanus sativus, XP 018469163.1

Nicotiana tabacum, NP 001312022.1 } Solanaceae

|

0.08 0.06 0.04 0.02 0
El4 22]\LcCAT25HtbEIREBF7IHI RS R

Fig.4 Phylogenetic tree of LcCAT?2 in Luffa and other homologous sequences

b 35 4
3] 30 -
5 7 B
£49 £ 25 |
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E 215 A
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Q = 4
4 14 :g 10
} £ 5
e N ]
Root Stem Leaf Flower Fruit 0 . . . ——1 )
El5 £KLcCAT2RRLER FRFAHER 7 Wit Wk WES Wk YL YL
Fig.5 LcCAT? of Luffa in different tissues El6 2NLcCATZRRIGRM T HFEIRA I
analysed by qPCR Fig.6 LcCAT?2 of Luffa in different varieties
analysed by qPCR
3.5
— 3.0 A E 100 1
o
5. 90 - -
g > 80 - -
% 2.0 5 L%' 70 —F—
g 151 z = 901
> 28 50+
E 107 g & 40 -
2o 2 30
20 |
0 T T T T )
0 1 3 5 7 109
Post-harvest days 0 0 T : i ) T 5 M ; B
E7 ZNLcCAT2EAEIR GRTE] TR RIAER 917 Post-harvest days
Fig.7 LcCAT?2 of Luffa in different postharvest time B8 ZEARRERE T LcCAT2ESE M ISk
analysed by qPCR Fig.8 The changes of LcCAT?2 activities in different

postharvest time

B 22 AR AR R R A, LeCATYE M 3 35 18, 78
HARN T MLCAT2FHE R ik KRR —F, 1. 3. 3 g
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(peroxisomal)H112¢!,

W3R, CAT & AEYI R P AR EE R — 241
LR, |2 2 SEY AV R AR A Y I 8,
X CATHE R 4T T B AN 43 i B B B P, K
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B 42 R R (CYL-1A1YL-2"). WF 5t R B, R xK
Je it R 2R 5 P AR AR I R B0, Fan 5PN A
HIE T R I, B AE 2 1 AL B (polyphenol oxidase,
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