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Cloning and Sequencing of Strasvberry Chitinase Gene CHI2
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Abstract: Two geres fragments from culttrated stawhersy(Fragana x ananassa v, Toyonaka and cv, Blahime)
gerommic DN wer isnlated by PCE ampdification. The study showed that these genes were 1575 bpinlength
atyd cottaited a 988 hp Open Reading Forae (OFRF) and 2 esxtron and 1 intron The homolog sy of focle otide and
deduced atnino acid were 9905 and 98 56%, respectrvely. Sequecing revealed that the 2 genes encoded a class
chitinase  BLAST analysis showed that the homology of deduced amine acid be teee n strawhe oy and other
species’s CHIZ gene were ahont 50% . The horaology tree showed that it obsaous]y distingnished from the

others.
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INTRODUCTION

Chitin, a P41, 4 linked homopolymer of -
acetizlucosarmine (GloMHAc), 15 the 2nd most abundant
polysacchanide in natore and a poncipal  stroctore
commponent in the cell walls of fungi and exoskeleton of
ttrvertebrates (Wamen, 1996). Chitinases (EC 321 14 in
higher plamts catalyze the hydmolwsis of chitin into
oligomer of tonorer (Faitkel etal., 1993 In plant
cells, chititase 15 imdwced by pmthogemc attck
(Fasmussen et al . 1992), wounding (Ming-Tler et al |
1995y and gamt hortmones (WBuch and S @eheling, 19897, a=
well az by a number of other ermeirommertal stresses
(Bowles, 19901 Fecent stndies also  indicated that
chitinases are one of the major classes of Pathogenesis
Eelated (PE) poteins in plants, wiich are believed to plasy
irnportant oles i plant defense against infection by
pathogens (MElchers et al, 1994, Mevhauns, 1599
Tmamegenic tobacco and potato plante developed by
msertion of a clitinase gene from Tochoderma harsanum
have been shown to ezxhibit either high tolerance or
commplete resistance to the foliar pathogens Lltermna
alternate, ASlternana solam, Boirpis aneren and the
soil bome pathogen Elizoctoma solam (Lomto et al.,
1598).

Strawbe v (Fragana x amnasza) 15 one of the most
ec onormc ally and iologically irnporast frmt trees in the
world. In strawberry production the polsphagous grey
mould fungus (Botrpis cingrea) 15 undoubiedly the mmost
irnportant pathogen cavsing fruit ot In ongamic or
unsprased fields, the losses due to frut rot canbe up to

55% (Dauvgaard, 1999%. To increass strawberry culthar
resistant to B. cinerea 15 one of the main targets in
stmwheny breeding. In this study, the solation and
clamacterizaton of a chitinases gene from stawherry
‘Toyomla®™ were reported as a part of a wader stndy o
erhance the resistnce of strawherry to fungal diseases.

MATERIALS AND METHODS

DMA preparationamd primer d esten: Genormic DB was
chtained from young leawes bor the method of Pich and
Sclubert (19937, The jritmer weed forisolating strawhery

chitinases gene was designed based on the sequence
fromm Eohan and Shih (2004 and the conserved regions
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Fig. 1: bgarose gel electrophoresis of PCE poducts. I
indicates the molecular weight smndard; lane 1
indicates the PCE product corespond  io
Tovoraka, lane 2 indicates the PCE poducts
correspond o Lkithime
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Akihime  ———----"—-"-—————— 60
Toyonaka tottaaatcactgcagecttotaatgatcaacacctattttcocccttacteccagtecaaca 120
Akihime  -—-----m-mmmme— Cmm———— e m e — - 120
Toyonaka cgtaccgtaggtgggattacttctgacttttatttttectgtgagacttgatcagecaatat 180
Akihime ~ - Ao 180
Toyonaka aatgtctttgaattgctgatgctaacttecccttgattggaactectctaajtatatataaa 240
Akihime - t--—F— 240
Toyonaka tattggcecggracatacttatgacaaatcaactgtattttttggtttecctettgltatata 300
Akihime ~ - g-———————-F-——-- 300
M A AV 4
Toyonaka tcaagcaatcaaaacaaaatatcgtcacttgeaactoctasatocATGGCTGCAGTA 360
akihime - Hpb----------------------\"-\0-co\»--»-\---"-""" 360
LS LPS 55 S5VF FLF LT T I FLL 24
Toyonaka CTCTCGECTECCATCTTCATCTTCAGTGTTCTTCCTCTTCCTCACCACCATCTTTCTTCTC 420
Akihime  -—-----m-mmmm— T-—m——————————= 420
5 I 5 8 W E VE AH PVSA L IN EEL 44
Toyonaka TCCATATCATCATGGGAAGTTGAGGCTCATCCAGTGTCTGCTTTGATCAATGARRAGCTT 430
Bkihime @ —----emmmmm e A-—--———— 480
K
YN NIL F L H EDTD T A C P AL NN FYT 64
Toyonaka TACAACAACTTGTTTCTACACAAGGACGACACTGCATGCCCTGCARAATAATTTCTACACT 540
Akihime  -—-------mmmm— T----= B ——mmm 540
s 5
T 5 s F IR AT EY F P RF G T T G 5 L 84
Toyonaka TATAGCTCCTTCATCAGGGCAACCARATACTTCCCGAGATTCEGCACCACCGGARGTCTA &00
Akihime  -—-----mmmmmm— 600
AT R R R EI A A F LA oI S HE TTG 104
Toyonaka GCCACCCEAAGGCETGAGATTGCAGCATTTCTTGCTCAGATCTCCCACGAGACCACAGET 560
Akihime  ---------- A mm e 660
K
G W LT AP DG P Y 5w G L CF EE E VWV 124
Toyonaka GEGETEEECTACTGCGCCCEACEEACCATACTCGTGGEETTTETGCTTTARAGAGGAGGTC 720
Bkihime @~ 720
N P G 5 N T c D o T N K E W P C Y P GEK 144
Toyonaka AATCCGGEARGCAATTACTGCGACGACACCAACAAGEAGTGECCATGCTATCCTGGARARA T80
Akihime  -—-----mmmmmm— 780
5T K & R G P I Q L 5 W 156
Toyonaka TCTTACARAGGARGAGGACCGATTCARCTATCTTGgtaagecttaattbggttcatetaac 840
Akihime @ 840
Toyonaka gattattagcgcaaatagtaatgagaaatggatgttgttccacataatttctaacaaget S00
Akihime  —-=-=----- R e e 900
Toyonaka tgacctaaacttgtaagaataatgaattgtttcactaattaatttttctgatgtcaaaat 960
Akihime B e 960
N T N T G Q A G K A L & F D G L K 173
Toyonaka CEtgtgcagGAATTATARTTATGGTCAGGCAGGCARGGCATTAGGGTTTGATGGRACTTAR 1020
Akihime  -—-------mmmm— 1020
N P E VYV A U 5 L IA F K T A LWF W 133
Toyonaka AAATCCAGRAGTAGTAGCAARCAGTTCCCTAATAGUTTTCAARACAGUTCTATGGTTCTG 1080
Bkihime - 1080
MT EQ EKP K P 5 C HED VM VG RY V L 213
Toyonaka GATGACGGAGUAGRAGCCGRAGCCCTCTTGTCATGATGTCATGGTAGGTCGATATGTGCT 1140
EBkihime  -—-----—mmmmmm e 1140
T Q AD IA AN RTAG F G MV TNITI 233
Toyonaka CACGUAAGCTGACATTGCTGCAAATAGGACTGCCGGATTCGGGATGETGACGARCATCAT 1200
Akihime  -—-----mmmmmm 1200
N G G L E C G I GUN DA RV N D RIG T 253
Toyonaka CRACGGTEEACTCEAGTGTGGAATAGGCAACGATGCACGAGTEAATGATCGAATTGETTA 1280
Akihime  -—-----mmmmmm 1260
F K R Y A S LEFE GV QT G P N L DCETN 273
Toyonaka TTTCAARAAGATATGCTAGTCTGTTTGGTGTTCARACAGGACCARATTTAGACTGTGARAR 1320
Bkihime @ 1320
0 K 5 F * 277
Toyonaka TCAGRAGTCCTTTTAGEtttatgtgacagaacaagagtagttaagtgtagetegecaagte 1380
Bkihime @ 1380
Toyonaka taatatactgtgtgtatgttcatcctttgacatgcatccatctectatttataacaataat 1440
Bkihime @ 1440
Toyonaka catagctagcgagttatatatggatctgtcatctgtacgtacttctectatatatgattcet 1500
Bkihime @ 1500
Toyonaka ctttgagatctcteccaatagttgttttataaaacaataatatatgectagegagttatatg 1560
Akihime  -—-------mmmmm— g-——-=---= -t 1560
Toyonaka gatcotttggtctgy 1575
Akihime  -—-—-—--——--——-———- 1575

Fig. 2: Nucleic acid sequence of chitinases gene (upper) and its deduced amino acid sequence of Toyonaka and
Akihime. The underline indicate primer locations; the lowercase characters indicate noncoding region; dashed
areas indicate the intron; the uppercase characters indicate coding region; indicate the stop codon; rectangle
indicate the TATA box
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Table 1: Comparison of the derived amino acid sequences of the CHI2 genes (%)

Amino acids Toyonaka Akihime AF147001 AF420225  AFO000966  AF141372  AF241538 AYS44781 AYT75335  L37876
Toyonaka 100.0
Akihime 98.6 100.0
AF147091 98.9 98.2 100.0
AF420225 51.9 51.9 523 100.0
AF000966 51.8 51.8 52.2 67.3 100.0
AF141372 553 55.6 55.6 00.9 68.5 100.0
AF241538 49.4 49.4 49.8 59.5 52.8 56.2 100.0
AY544781 50.0 49.6 50.0 59.6 56.7 59.4 50.4 100.0
AY775335 444 44.4 44.8 60.7 56.4 58.5 48.8 53.4 100.0
L37876 527 52.7 531 677 59.2 64.7 53.3 57.0 514 100
of chitinases genes in GenBank from NCBI web site o % & 7B & %
(www.ncbinlm.mh.gov). The designed primer sequences Toyonska  ggu.
were shown as follows: Shee ]I oss

m“‘"“l 24 AF147091
Fa-1F: 5-ACGGAGTCAACAATCAAGGTACCGACAC GA -3 Akibime
Fa-1R: 5-CCAGACCAAAGGAT CCATATAACTCGCTAG-3 Stre

CHR-2 AF420225 68%
PCR amplification and cloning of PCR products: PCR S—
was performed with a 25 pL reaction mixture containing Pea CHI2-1 S5% 51%
20 ng of strawberry genomic DNA, 800 pM dNTPs, Kentucky AFD00966 8%

. 2 bluegrass CHIZ

1.5 mM MgCl, 1% PCR buffer without Mg*, 0.4 uM of ATI13T %
each primers and 4 unit of Taq DNA Polymerase using the Parsley CHI2 562
following profile: 94°C for 3 min, then 30 cycles of 94°C for Norway apruce A y544781
1 min, 65°C for 1 min, 70°C for 2 min and finally 72°C cHR g
for 10 min. The PCR products were analyzed on a 1.2% 1"’1’1’“0;{2 AYT775335
agarose/BEtBr gel and the corresponding DNA bands were CHR AFMISI

recovered and then cloned into the pMDIB-T vector
(Takara) for sequencing. Sequence analysis was
performed using the software DNAMAN (Version 3.0,
Lynnon BioSoft).

Isolation of strawberry chitinases gene: In this study, a
pair of specific primers was used to amplify DNA fragment
from strawberry genomic DNA. PCR amplification
generated DNA products with the expected size of about
1.5 kb (Fig. 1). Two putative chitinase DNA fragments
were identified and cloned mto pMD18-T vector (TaKaRa)
and then transformed into £. coli IM109 competent cells.
Both fragments were sequenced with Big Dye Terminators
using a PRISM 377 Sequencer (PE Applied Biosystems,
Foster City, California, 1TTSA) and were designated as CHI1
and CHI2, respectively.

Structural analysis of strawberry chitinases gene:
Analysis of the both sequences revealed that the DNA of
strawberry chitinases gene are 1575 bp in length and
contain a 988 bp Open Reading Frame (ORF). The coding
region of CHIl and CHI2 are divided into 2 exons
mterrupted by a 154 bp mtron. The splice junctions were
determined by comparing the sequence of FaCHI 2-1
with the sequence of a corresponding ¢cDNA (GenBank
accession number AF 420226). The intron showed a high
AT content (67.9%) characteristic of dicotyledonous plant
mtrons. The intron has good 5' and 3' splice site
consensus CAG-GT and ACAG-GT, respectively. Two

Fig. 3: Homology tree of the derived amino acid
sequences of the CHI2 genes

overlapping TATA-like sequences are present in the
348 bp 5'-flanking region. These sequence elements are
located at -230 (TATATATAA) and -294 (TATATATA)
positions upstream of the predicted translation start site.
Three weak polyadenylation signals are present in the
239 bp F-flanking region downstream of the stop codon
(Fig. 2).

Comparison results between the sequence of the
CHI1 and CHI2 indicated only 15 different bases were
present in both genes (Fig. 1). CHI1 shows the highest
nucleic acid sequence homology to CHI2 with 99.1%
identity and 98.6% similarity its deduced amino acid
sequence. The translation product of CHI1 and CHI2 are
predicted to have a signal peptide of 33 amino acids and
a mature protein of 277 amino acids with a molecular mass
of 30.6kDa and an isoelectric point of 8.53. CHI1 and CHIZ2
shows the highest sequence homology to a strawberry
class IT chitinase gene (AF147091) with 98% identity, but
shows the lower sequence homology to other plants class
II chitinase gene with 50% similarity, such as pea
(L37876), kentucky bluegrass (AF000966), pepper
(AY775335), with homologies of 52.7, 51.8 and 44.4%,
respectively (Table 1). The homology tree showed that
strawberry  class II  chitinase gene obviously

distinguished from the others (Fig. 3).

626



Res. J. Biol. Sci., 4 (5): 624-628, 2009

RESULTS AND DISCUSSION

Plant clutinases are pathogenesis-related proteins,
which are believed to play important roles in plant defense
against infection by pathogens. Molecular cloning of
from wvarious plants has facilitated the
classification of these protems. All plants examined to

chitinases

date contamn multiple chitinase isozymes, which have been
divided into 7 classes (classes IBVIT) on the basis of their
structural properties (Neuhaus, 1999).

Several class I chitinases have been shown to inhibit
fungal growth in vitro (Sela-Buurlage ef al, 1993).
On the other hand, a class II chitinase from tobacco
(Sela-Buurlage et al., 1993) showed no detectable in vitro
mhibitory activity.

However, transgenic tobacco (Tach et al., 1995) and
wheat plants (Oldach ef al., 2001) expressing a barley
class II chitinase also showed enhanced resistance to
fungal mfection.

Furthermore, incorporation of a class I chitinase for
producing disease-resistant transgenic plants may be a
better strategy since the Chitin-Binding Domain (CBD) of
class enzymes has been implicated in the allergenic
reactions. Class II chitinases, which lack the CBD, were
shown not to elicit allergenic reactions (Poash et al.,
1999; Diaz Perales et ai., 199%).

In this study, 2 DNA fragment were obtained from
strawberry genomic DNA. The genes were classified as
class II chitinase genes based on their structures. Both
genes are similar to other intron-containing plant chitinase
genes. The locations of mtrons are conserved in these
genes. However, the lengths of introns vary considerably,
mtrons in strawberry chitinase genes are 125-169 bp in
length. The deduced amino acid sequence of class II
chitinase genes contained 2 highly conserved region,
AFLAQI (/T)SHETTGG and FKTAL (/)WFWW'T and
the conservation of 3'-flanking region is >35'-flanking
region.

The homology tree showed that strawberry class II
chitinase gene obviously distinguished from the others
and may have different disease activity, but whether it
means that it has a unique feature on the antimicrobial
activity remains to be further study.
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