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- ABSTRACT |

Fusarium head blight (FHB) or scab. caused by Fusarium graminearum and other Fusarium
species Is the major disease of wheat in many areas of wheat production in Egypt and throughout
the world. Many studics have shown that Thaumatin-like proteins (TLPs) have antifungal activity
against FHB discasc. therefore our main objective in this study. is isolating the complete coding
sequence of TLP gene from the Egvptian wheat (TLP-Ew) and we choose Egyptian wheat variety
(Sakha 61) to carry out this investigation. We succseded to isolate and amplify the full length of the
larget gene using specific primers that have been designed by our Bioinformatic Center. DNA
sequence comparison was carried out using Genbank database and the sequence of the TLP-Ew
gene. This comparison gave 100 % similarity between TLP-Ew gene and Triticum aestivum
Thaumatin-like protein mRNA with the GenBank accession no. AF384146. No other TLP genes
could be isolated from other wheat varieties. Amplification of the isolated TLP gene gave a
complete coding sequence. representing a DNA fragment of 522 bp and a protein of 173 amino
acids.
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INTRODUCTION

heat i1s a member of the lamilv
Poaceae  (formerly  Gramineae),
which includes the major cereal
crops of the world such as maize. wheat and
rice. Among the food crops. wheat (hexaploid
tvpe) 1s one ol the most abundant source of
energv and proteins lor the world population.
Ninety percent ol wheat grown today is used
for the preparation of bread and other baked

Aegilops tauschii Coss, containing the D-
genome. Thus, the bread wheat D-genome is
evolutionary young and shows a low degree of
polymorphism in the bread wheat gene pool
(Bossolini er al., 2006). Wheat like anv plant
is continually exposed to pathogen attack.
Therefore, plants have evolved a wide array of
defences mechanisms against pathogen attack
(Hammond-Kosack and Jones,1996). These
response mechanisms are hypersensitive
response (HR). reactive oxygen species (ROS)

produets.

Hexaploid wheat (7riticum aestivum L.)
was originated about 8000 vears ago from the
hybridization of tetraploid wheat with diploid

and oxidative enzvmes, cell wall modification,
phytoalexins, systemic acquired resistance
(SAR) and pathogenesis related proteins (PR-
proteins) (Dangl and Jones, 2001. Heath,
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2000: Morrs. 2001; Romeis, 2001: Takken
and Joosten. 2000). Among the most
frequently observed biochemical events that
follow plant infection by pathogens is the
induction and accumulation of pathogenesis
related protein families (PR-proteins). The PR
proteins are classified into 17 families based
on the sequence similarities, serologic or
immunologic relationships and enzymatic
properties (Van Loon er al/., 2006). One of
these groups, the PR-5 family, comprises
unique proteins with diverse functions.
Therefore, TLPs can be classified into three
sub-groups, (i) those produced in response to
pathogen infection, (ii) those produced in
response to osmotic stress, also called
osmotins. and (ii1) antifungal proteins present
in cereal grains. (Breiteneder, 2004).
Thaumatin like proteins are similar to the
intensely sweet tasting protein, Thaumatin
from the West African shrub Thaumatococcus
daniellii fruits, even though, none of them
have been found to have a sweet taste (Ghosh
and Chakrabarti, 2005).

The TLPs are generally resistant to
proteases. pH, and heat induced denaturation.
This is due to the presence of 16 conserved
cysteines that form eight disulfide bridges
(Caroline et al., 2007). Multiple sequence
alignment analysis revealed that the TLPs in
general havel6 cysteine residues found in
barley, tomato, potato and oat. In other cases
such as wheat and barley the TLPs have only
10 cysteine residues (Campos er al., 2002).
TLP and several other PR-5 proteins have
antifungi activity, whereas the Thaumatin
protein does not. (Malehom er al, 1994).
According to Fierens et a/. (2008) Thaumatin-
like protein is a membrane permeabilizing
protein. Moreover, TLPs have been shown to
have inhibitory effects on hyphal growth and
spore of many fungi in vitro because, they
found that the TLPs bind :to insoluble p-1,3-
glucan and have an endo- B -1,3-glucanase

activity (Selitrennikoff, 2001). This activity
has been observed against several pathogenic
and non-pathogenic fungi (Campos et al.
2002). Among the pathogenic fungi which the
TLP effects on, the Fusarium graminearum
infecting the wheat plant causing the fusarium
head blight (FHB) disease (Sutton, 1982:
McMullen er al, 1997). Between 1993 and
2001, in the United States, an estimated US$ &
billion loss was incurred from FHB (Caroline
et al.., 2007). The aim of this work was to
design specific primers for isolation of the
complete coding sequence of Thaumatin-like
protein gene from the Egyptian wheat.

| MATERIALS AND METHODS |

This investigation was carried out in the
Plant Biotechnology Research Laboratory.
Faculty of Agriculture, Cairo University. Giza.
Egvpt, and in the Gene analysis unit.
VACSERA holding company,Agouza. Giza.

Egypt.

Plant materials

The grains of Triticum aestivum L. cv.
SAKHA 61 are obtained from the Agricultural
Research Centre, Crops Research Institute.
ARC, Giza.

Genomic DNA extraction and purification

Extraction of total DNA was performed
using CTAB protocol according to Dovle and
Doyle 1990 (Sambrook et al.. 1989).

Amplification of Thaumatin-like protein
gene (PCR)

The PCR amplification was carried out
using 200 ng of total genomic DNA as a
template and Go Taq DNA polymerase using
two groups of oligonucleotides. Primers design
were performed using DNASTAR suite of
lasergene  programs (DNASTAR, Inc.,
Madison, USA).
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First group

The sequences of the primers used in the nested PCR are:
1-F 5- (4 G OAATTC CTTCC TCC TCC TCG CTG TTT- 3
1-R5- 4G GAATTC AG TCCATG GCA AGG TTG AAG -3

Second group

Another primers were synthesized for
thaumatin  ltke  protein  (7LP)  gene
amplification. Then the recognition site for

BgLIl and EcoRI were added to the primer
sequence of F-Exp and R-Exp. respectively
with the the following sequences.

F-EXP §-11 AGATCT ATG GCG ACCTCG CGG TGC T-3°
R-EXP 5.1, GAATTC TCA TGG GCA GAA GGT GAT CTG GTA G -3

DNA amplifications were performed in a
thermal cvcler using initial denaturation at 94
°C for 5 min. followed by 30 cvcles of 1 min
at 95 °C. 20 sec at 61 °C and 45 sec at 72 °C.
One additional complete extension cycle was
performed for 7 min at 72 °C. The product
ranged in sizes from 300-400 bp in nested
PCR and from 500-600 bp in the seconed
PCR. The amplified products were then
analvzed on 1 % (w/v) agarose gel and
visualized by ethidium bromide staining. The
procducts were performed according to the
manufacturers specifications (Promega, USA,
1991).

Purification of DNA from agarose gels

The bands of interest were excised from
the gel using a sterile scalpel blade and put in
1.5 ml Eppendorf tube. The DNAs were
purified from the agarose gel according to the
instructions in the QIAquick Spin Handbook.

Cloning of PCR product

The TLP amplified fragment was cloned
into pUC19 vector containing the recognition
site of EcoR/ in it's 5" and BamH I inits 3’ to
enable the ligation of the target gene,
containing the recognition site of BgLII in its
5" and EcoRI in its 3'. This ligation mixture
was transformed into £.coli Topl0 strain.

Transformation protocol
The ligation reaction was transformed
into E.coli as the domestic host for that

purpose.Competent cells of TOP10 were
prepared for transformation of recombinant
plasmid according to the method of Sambrook
et al. (1989). The detection of the recombinant
plasmid was done bv blue/white colony
screening.

Isolation and purification of recombinant
plasmid DNA from transformed cells
Minipreparation of plasmid DNA and its
recombinant derivatives were purified using
Wizared plus SV minipreps DNA purification
system kit. (Cat# A1330). To confirm the
cloning steps and to identifv each clone.
purified plasmid DNA was used as template by
using the same primer pairs used befor, and the
resulting product was analyzed along side the
original total-community PCR products.

Sequencing of the cloned gene

The dideoxyribonucleoside chain termin-
ation procedure onginally developed by
Sanger et al. (1977) was emploved for seque-
ncing the double-stranded recombinant DNA
plasmid obtained during the cloning
procedure. The DNA sequence was determ-
ined by automated DNA sequencing method
using ABI PRISM Big Dye Terminator V3L
Cycle sequencing Kit (Applied Biosystems,
USA) in conjuncation with ABI PRISM 310
Genetic Analyzer. Cycle sequencing was
performed using the HVD Thermal Cvcler,
and the reaction was conducted in a total
volume of 20 ul, containing 4 ul of Big Dye
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Terminator, 4 pul of 5x Cycle sequencing
buffer, 1 ug of plasmid DNA and 3.2 pmol of
M13 universal forward primer (provided with
the kit). The cycle sequencing program was 94
°C for 1 min, 65 °C for 20 sec and 72 °C for 45
sec repeated for 30 cycles. The nucleotide
sequencing was determined automatically by
the electrophoresis of the cycle sequencing
reaction product on 310 Genetic Analyzer.
Alignment of DNA sequences was performed
using the BLST comparison with GenBank.

Fig. (1): Isolation of genomic DNA from the leaves of the o
wheat (Sakha 61) (1% agarose gel) M: 1Kb DNA 5000
ladder (STRATAGENE CAT. # 201115-81). Lanes 2010
1,2 and 3: The isolated genomic DNA from the leaf. et

Amplification of the Thaumatin- like
protein gene

According to our knowledge, there is
no previous sequence for 7LP gene from
wheat (SAKHA 61). Therefore, multipie
sequence alignment for the coding sequences
of six 7LP genes from different varieties of
Triticum aestivum L. (bread wheat) were used

| RESULTS AND DISCUSSION |
Extraction and purification of genomic
DNA from leaves of wheat plants

Leaves of wheat plants (Sakha 61) were
collected from an open field of the Plant
Biotechnology Research Laboratory, Faculty
of Agriculture, Cairo University, Giza, Egypt..
to extract and purify genomic DNA. Genomic
DNA from wheat leaves was extracted by
using CTAB protocol according to (Sambrook
et al, 1989). This procedure allows up to
100ug a highly purified Genomic DNA
isolated as shown in Fig.(1).

bp

for designing specific primers for 7LP genes
by using ExPASy Database. Two of these
genes were Isolated from genomic DNA with
the GenBank accessions NO. AF389884 and
AF389883. The others were isolated from
mRNA with the GenBank accessions NO.
X58394, X97687, AF442967 and AF384146
(Rebmann er al, 1991: Mingeot and
Jacquemin, 1997, Kuwabaraa et al., 2002).
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ATGGOCTTCGTCCCACC TGOCAGCCAGC TGOS TCCATSGTCCTC T ICCIT IGCCG TG T ICGOT
-~ —ATGGCGACCTCCCC GG TGO TC T ITCC TCCTCCTC G TG T T I TR GO
- — - ATGGCAGCGTCCCOGG TGO TC T TCC TCCTCCTC G TG T T T TOGER
- ——ATGCGCGACCTCCGCGGTGCTC T ICCTCCTCCTCGO TG T I I T TGCC
- - - -ATGGCGTCCACTCGCGTCCTCCACC ~-TCATCGCCCTOCGTCCTOCGCCGT — —-- CRCC

A G AC AL GGG GAC G T TCAL AT CAAGAACAACTGCCCCTACACGGTZTGGCCG
- = ATGAALACGGCGGCGACG T TCAACATCAMAGLACAACTGCCCC TACACGGTGTGGC A
GG TGO CAGC GG GO A T I A A A TCLAGAACALC TG TGGC T ITCACALT T IGGOCS
GCCGG TG CAGC GO GG CACC T TCAACACCALGAACAELC TG TGGC TTCACAAT T ITGGOALDG
GCCGH TGO CAGC GO GGCCACC T TCALCATCAAGAACALC TG GGCTCCACALT T IGGCCG
ACCGCCGCAGATGCGGCCACCATCACCGTCGTCAACCGTTGC TCCTACACGGTZTGGCCG

TR A A A A w wEw + w Ed A m A *® wmEAAK A

CGGCCACCCCGATCGGEGGOGGTCGGCAGC TCAACACCGGCGAGACGTGGACCITCGAC
GGG AN CGATC GGG GGG T GG CAGE TCAAGACC GG GAGACGTGGACCCTIIGAL
GCGGGCATCE - —— - — —- — e s — e — GCTGGGCTCAGGGCAGACGTCCAGCATCALC
GrGGGCATCC GG T GGG TG GGG T T GG TGEGETCAGGGUAGACGTCCAGOATC ALC
GCGOGGCATCCCGGTSGGGTGGGGGC TITCGAGC TGEGEGEAGGCCAGACGTCCAGCATCAALC
SGr GCGCTF‘ CCA- -GG GGUGGUGTGCOTC TCGACCCGGGLCAGTC TTIGGGE GCTGALC

* * L x  ww wwH w -~ ~

TG AL ACGCCC TCC GG CAGGG TG ITGGGGOEGCACGGGCTSCAMAC T TCAATGGE
CTCC O GEGAMC ACGCCCTCC GG CAGGG TG TGO GCCGCAC GGG TG AACT TCALTGGR
GCTGOCCGRGGGCACCCALGCCGGGAGGATATGGGECCGCACC GGG TGO TCCT TCALTGGE
GAGCCCGCGGGCACCCALGCCGGGAGGATATGGGCCCCCACCGGGTGLTCOCTTCAATGGE
GG C GG GCACCAMGU U GOHFAGGATATGGGO TCGLCACCGGG TG TOEC T I CAATGGE
ATSGCCCGCUEGGrACCGCGGGEG LG CAGGEG TG TGGCCGUCGCACC GGG TGLAUNCTICGACGGE

TmE e - wEmaw W mEw mEE AT WE EEE mEwE W mEw
SACTUCGLEGAG. ———TGOUCCAGAC TGO CGAC TG UGGUGGC GO G TG ICGTGCAC GO TITCC
AACTUC — AGC~—-TGCCAGACTGCCGACTGC GG GECGUGCTGTCGTGLACGCTLTOD
G GTAG FAGC———TGCCAGACCGGCGACTGCGLGC GG CAGC TATCCTGOTCCCTOTLUD
GO TAG I GGHFAGL ——— TGO CAGACCGGCGACTGOCGGOGGCCAGC TATCCTGCTCL O T TOD
GGLCAGLGFGAGE - ——TGCCGGACCGULBCGAC TGOS GO GG CAGCTGICCTGUTCCCTCTCD
AGCGGLCGEFGGCCGGTGCATCACGGGCGACTCCGGCGEGCACGOE TEGGCCTGCAGGGTGTICC

= o = EE W AEAE R A EEARTAR N *mw * mw = wmww

GGG AGC GG TGACCC TG CCGAG T ICACCATCGGCARCGGC ~— — — —— CAGGATCTITT
G CAGCCGCC G T HACCC TG CGAGT ICACCATCGGCAACGGCA—~—CECALGGACT ITT
CLGOCGOr A AGrAACGC TGO CGAGTACACCATUCGGUGGUGGEGLAGCAUCCAGGALCTIT
GGG ACCAGCAACGU TGO SAGTACACCATCGGOGGCGECAGCACCCAGGAC TTC
GGGl C A CAGCAA GO TGO UGAG TACACCATCGGC GG GGOGECACC CAGGACTITC
CGCCAGCAGCCCACCACGCTGGCCGAGTACACCCTGGGCCAGGSCGGGALCALGGACTTC

ww w m A * & HA HEAXTRARAAARX AAXXNHT H AR R *w B

TACGACATC TIC TS TCATCGACGG- T ICALCGTSCCGT IGTCAT ITC TCC TGCAGLCAAT GG
TACNGACAT I T CTIGTCATCGACGGL T ICAARCGTGCCG T TG TCAT ITCTCC T GLAGUAAC GG
TACGALCAT . TCGETGATCGACGGC I TCAACC T TGO CATGCAC T TUCTCGTGCAGCALCCGGD
TAUCGAL AT T GG TGATCGACGGC T I CAAMAC C T ISCCATGGAD T TICTCG TG AGTC AT CGGT
TaALUGACATC TOCGGTGATCGACGGOC T ICAACC T IGOCCATCGAC T ICTCGTGCACCACC GO
TTICGFACC TG TCCGTCATCGACSGG I TCARC G TGCCCATGARCTTCGAGCCCGTCGGCGGT

A EEAE A AR AA AAEAITANE AXNAANA W - - o * * PR

- CAAC TG TG TGCCAGGC— CGACAAG TGO C-—CCGACGCCTACCTCTICCC GAC —C—
CC-CaLCUITEHTGTGEGUAGGC - CGACAAGTGCC~—CEGACGCCTACCTCT TICCCGALC — 21—
GA-CGCGCTCOAGTGCAGGGA~-COCCCAGOC TSCCUGUCGECGEAAGCC TACCAACAICC - CC
A -CGCGCTECCAGTGUAGGGA - CCCCAGC TGO CCGECGCCGCACGG O TACCATCACC - CC
GhA -CGCCCTCCAGTGCAGGGA - TCCCAGCTGLCOGCCGCCGCAAGIC TACCALCACTC —CC
TCGTGCCGCGCTGCGCGCTGCGCCACGGACATC—ACCMGGAGTGCCTCMGGAGCTGCA

x * x * o~

GATGACACCAAGAACCACGCC TG TA-ACGGCAARCARCAACACCTAC-CAGGTTACCTTCET
GATGACAC CAAGAACCACCGCCTGTA—ACGGTAACAARACAARACACC - — -~ CAGGTLACCTTCT
AACGACG TG CACACACGCCTGCA-GT GG CAATAATAACUTALC - — - —CAGATCACCTITICY
AACGACGTCGECACACACGCCTGCA-GTGGCAATAATGACTAC — - — - CAGATGACIZTTCT
AARCGACCARGC CACACACGCCTGCA-GTGGCAATARTARCTAC - - —~-CAGATCACCTTCT
GGTGECCGEAGEGTGCGOGAGCGEG TGO GG CAALA T ITCGGCGGC GACACC TAT TGO TGCOG

EE S * AW * - * £ £ *

G A TGHAGGAAGAAGG T ATCATCG TAGC TAGSTASGCGGACGATACCACCACCAGCATAN
L T CATGA— —
GT--CCATGRA — —
G r— AT A — - -
T — O A T G — = — — =
oG AR T I GAGC A A A T GCCCGC O GACCAAC TAC T GAAG T ITC T ICALGSGGGALGTG
- o

AL AL TACCAGATCGTCCTC TGECCT TAGAT TAGGACGCGTTGA 623

(2): Alignment between six TLP genes from Triticum aestivum.
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Three highly conserved sequences were
selected for multiple sequence alignment

AF389883 isolated from genomic DNA by
using ExPASy Database as shown in Fig. (3).

AAXXEXTREAANRRANTRLT TRXLXRXERNER RAXRREAEEN RETERXRN

Fig. (3): Alignment between the three TLP genes from Triticum aestivum L.

X58394 (Rebmann et al, 1991) and to amplify the open reading frames of our
AF384146 isolated from mRNA and target gene.
1-X58394 ATGGCGACCTCCCCGGTGCTCTTCCTCCTCCTCGCTGTITTCGCCGCCGGTGCCAGCGCG 60
2-AF389883 ATGGCAGCGTECCCGETECTCTTCCTCCTCCTCGCTGTTTICGCCGCCGGTGCCAGCGEG 60
3-AF384146 ATGGCGACCTCCGCGETGCTCTTCCTCCTCCTCGCTGTTTTITGCCGCCGGTGCCAGCGCG 60
TEXEY T TREE EREETEERAEREARTEERARNRERRNNERAERRNY AAXARNELT TN RRRXRELERER
1-X58394 GCCACCTTCAACATCAAGAACAACTGTGGCTTCACAATTTGGCCGGCGGGCATC -~~~ - - 114
2-AF389683 GCCACCTTCAACACCAAGAACAACTGTGGCTTCACAATTTGGCAGGCGGGCATCCCGETG 120
3-AF384146 GCCACCTTCAACATCAAGAACAACTGCGGCTCCACAATTTGGCCGGCGGGCATCCCGGTG 120
EEXEERXTREERREER TERXERXEERAREETE XERYT KRXXRKEXTREEREEY RETTEXREREYN
1-X58394  —-—mmmmmeme-o- GCTGGGCTCAGGGCAGACGTCCAGCATCAACGTGCCCGCGGGCACE 160
2-AF389883 GGTGGGGGCTTCGCGCTGGGCTCAGGGCAGACGTCCAGCATCAACGAGECCGLGGGCACC 180
3-AF384146 GGTGEGCCCTTCCAGCTGGECCCAGGCCAGACGTCCAGCATCAACGTGCCCGEGGGCACC 180
AEETERAR REXE RARXXAXXRRNRTZERRRTRERERY RAEERXAXRERERNR
1-X58394 CAAGCCGGGAGGATATGGGCCCGCACCGGGTGCTCCTTCAATGGCGGTAGCGGGAGCTGE 220
2-AF389883 CAAGCCGGGAGGATATGGGCCCGCACCGGGTGCTCCTICAATGGE GGTAGCGGGAGCTGE 240
3-AF384146 AAARGCCGGGAGGATATGGGCTC GCACCGGETGCTCCTTCAATGGCGGCAGCGGGAGCTGE 240
AANARRRREAARNRARETEATNE AATBEANTAATTNARAATATAXARNRNERAL RERXXRRXRANANEER
1-X58394 CAGACCGGCGACTGCGGCGGLCAGCTATCCTGCTCCCTCTCCGGGCGGCCACCAGCAACG 280
2-AF389883 CAGACCGGCGACTGCGGCGGCCAGCTATCCTGCTCCCTCTCCGGGCGGCCACCAGCAACG 300
3-AF384146 CGGACCGGCGALTGCEGCGECCAGCTETCCTGC TCCCTCTCCGGGC GGCCACCAGCAACG 300
T TERNETEETREREARTANRRNRANRERE ERA R AL A R TR R R R AT A RN TR R RN R AR
1-X58394 CTGGCCGAGTACACCATCGGCGGCGGCAGCACCCAGGACTTCTACGACATCTCGGTGATE 340
2~AF389883 CTGGCCGAGTACACCATCGGCGGCCGCAGCACCCAGGACTTCTACGACATCTCGGTGATE 360
3-AF384146 CTGGCCGAGTACACCATCGGCGGCEGCGGCACCCAGGACTTCTACGACATCTCGGTGATE 360
REXEERERTREEAREETEANREARNRNNRNERTY AARRK TN R T ARAR RN T A AT ERARRE AR AR
1-X58394 GACGGCTTCAACCTTGCCATGGACTTCTCGTGCAGCACCGGCGACGCGCTCCAGTGCAGE 400
2-AF389883 GACGGCTTCAACCTTGCCATGGACTTCTCGTGCAGCACCGGCGACGCGCTCCAGTGCAGE 420
3-AF384146 GACGGCTTCAACCTTGCCATGGACTTCTCGTGCAGCACCGGCGACGCGCTCCAGTGCAGE 420
AT IR T AR T R A R R A A R A AR T A AR TN TR A AN R R AR TN AR AN TN AN T AARNARRRAETIXRRKRAN
1-X58394 GACCCCAGCTGCCCGCCGCCGCAAGCCTACCAACACCCCAACGACGTCGCCACACACGEC 460
Z-AF389883 GACCCCAGCTGCCCGCCGCCGCACGGCTACCATCACCCCAACGACGTCGCCACACACGCC 480
3-AF384l145 GATCCCAGCTGCCCGCCGCCGCAAGCCTACCAACACCCCAACGACCAAGCCACACACGLCLC 48D
R ANAREENARNENENTRAATEARN N AARARN AARNTXRENENEN REERXXATERNEN
1-X58394 TGCAGTGGCAATAATAACTACCAGATCACCTTCTGTCCATGA 502
2-AF389883 TGCAGTGGCAATAATGACTACCAGATGACCTTCTGTCCATGA 522
3-AF384146 TGCAGTGGCAATAATAACTACCAGATCACCTTCTGCCCATGA 522
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From this alignment it can be deduced
that this 7LP gene isolated from wheat
genome has no introns in if, whereas the
sequence of the 7LP gene isolated from the
Genomic DNA (GenBank accession NO.
AF389883) is complementary to that of 7LP
genes [rom the mRNA (GenBank accessions
NO. X58394 and AF384146. Also the PR-S
genes isolated from tobacco do not contain
introns (Van Kan et al.. 1989). However, the

From the previous alignment . five
primers were chosen and only primer number
one (1-F and [-R) is working. but the other
four primers gave unspecific bands. PCR
amplification of the TLP fragment was carried
out using I-F and 1-R primers to amplify
partial sequense of 7LFP gene ~ 300bp Fig.(4).
TLP fragment (~ 300bp) was purified from the
gel by Gel Extraction Kit (QlAquick Gel
Extraction Kit (50) Cat. No. 28704 QIAGEN.

TLP gene [rom Lentinula edodes contains 12
introns (Sakamolo ef al.. 2006).

bp

Fig. (4): The PCR amplification of TLP by I-F and 1-
R primers, (2% agarose gel). M: 100bp low
ladder (Sigma P-1473). Lanes 1 and 2: TLP 488

Jragment ~ 300bp. Lane 3: negative control. ;gg i

100

The incomplete nucleotide sequence of
the TLP fragment was determined using
automated sequencer (ABI PRISM 310

GCCGCCGETECCAGCGOSCCACCT TCACATCARMGARAACARACTETCGECTRNCACRATTT GGE
Y A G A =] -3 h T B T =] 123 o T b S X T I 124

Genetic Analyzer) and the sequence was 356
bp with 118 amino acids (Fig. 5).

CLAGCHEECATCCOEGTEGET GAGEGECT TOGNGOT GEGONCAGGN CAGRCEGTCOAGCA TC
P A (=] T P i G (<3 S ¥ x L G X x = T ) ] I

AACCT GCOCCECCG G CACCNAAGCCGEGAGGAT ATGRECNCGCALCERGTEUTCOT TCAAT
N w =2 A < 3 h4 F% <G R I W " R L G C 3 b H

GGG HNAGEGEGAGC TG CNGCACCGGOGA T TRCCGEUEEUCAGC TN T OO TGLTCLCTCT O
ke x = G B = x T L= D < G L= Q x B v} = L =1

GEGCEGICACCAGCARCGCT GRCCGAGT ACAOCAT CEGCGLOGGUNGCLCU CRGGERT T'C
=] R B - A ) L P E - T I = G =] = T [a] o F

TACGACATCT CEETEATCGACGECT TCARCCUGGCATGGATTGGAMATT CACGCR
w n I S v I D G F b x = I L= I H B

Fig. (5): The nucleotide sequence of the incomplete fragment of the TLP. The amino acid sequence
translated from the open reading frame is given in the single-letter code below the nucleotide
sequence generated on ExPASy Database (356 bp and 118 a.a).
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o _:.j.fj"r‘r‘m LOTRALGCCEGGAPGATATGGGC TCGCACCGGSTECTCCTTC AL 232

CAGGACTT 301
H!IIIII ARy

SCCACCAGCARCGI TG CGASTACACCATCSGCGGCGGCHECACCCAGGACTT 352

Jusry 1EE
Zhijct  2::
Tery 9D O
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IHHHHHHHHHHH!IHIIHHH [RERRR!
Zbjot 383 CATCTCGITIATCGAIGEC TTCLLUTCTTGCCATGGA 354

Fig. (6): The Blast of the TLP gene fragment on the GenBank.

The sequence of 356 bp of the 7TLP
gene fragment was 95% similar to Triticum
aestivum L. thaumatin-like protein mRNA
with the accession NO. AF384146. Computer
analvsis was done using the DNA Blast web
site (Fig. 6). According to the DNA sequence
of TLP gene (Genbank accession No.

F-Exp praner

Wﬁﬂﬁﬂﬁd TCTTCCTCCT

AF384146), the forward and reverse
oligonucleotide primers. F-Exp and R-Exp.
were designed {for amplification of the
complete coding sequence of 77P gene {rom
the genomic DNA of Sakha 61. Fig. (7) shows
the position of F-Exp and R-Exp primers.

CCTCGCTGTT TTTGCCGCCG

GTGCCAGCGC
TGGCCGGLGE
GACGTCCAGC
CTCGCACCGG
GACTGCGGCG
GCTGGCCGAG
TCTCGGTGAT
GGCGACGCGC
CCAACACCCC

GGCCACCTTC
GCATCCCGGT
ATCAACGTGC
GTGCTCCTTC
GCCAGCTGTC
TACACCATCG
CGACGGCTTC
TCCAGTGCAG
AACGACCAAG

ARCATCAAGA
GGGTGGGGGC
CCGCGGGCAC
AATGGCGGCA
CTGCTCCCTC
GCGGUGGECGH
ARCCTTGCCA
GGATCCCAGC
CCACACACGC

ICTACCAGATCAC CTTCTGCCCA TGA}

R-E~p praner
Fig. (7): The position of F-Exp and R-Exp primers on the AF384146 sequence.

ACAACTGCGG
TTCGAGCTGG
CAAAGCCGGG
GCGGGAGCTG
TCCGGGLGGC
CACCCAGGAC
TGGACTTCTC
TGCCCGCCGC
CTGCAGTGGC

CTCCACAATT
GCGCAGGCCA
AGGATATGGG
CCGGACCGGC
CACCAGCAAC
TTCTACGACA
GTGCAGCACC
CGCAAGCCTA
AATARTAR
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PCR amplification of the 7LP gene was
carried out using F-Exp and R-Exp primers to
amplify the complete coding sequence of the
gene which represent a [ragment of ~ 500 bp.
Fig. (8) shows that the size of the amplifed
product is near to the expected size of the

Fig. (8): The PCR amplification of TLP (2% agarose
gel). M: 100 bp low ladder (Sigma). Lanes 1 and s
2: PCR products. Lane 3: negative control.

Rebmann (1991) sequenced wheat
cDNA (GenBank accession NO. X58394)
encoding for Thaumatin-like protein isolated
from wheat (Triticum aestivum L.) inoculated
with Erysiphe graminis {. sp. Horde. The ORF
of the ¢cDNA contains 502 bp. However,
Mingeot and Jacquemin in (1997) have
observed that the gbx3832, a wheat ¢cDNA
encoding for 7LP gene, (GenBank accession
NO. X97687) contains an ORF 600bp.
whereas Kuwabaraa (2002) has characterized a
cDNA of WAS-3a encoding for TLPs from

Aan

5

Fig. (9): The restriction map of the
pUCT9 with the TLP.

A O
Eack £F

gene. This PCR product flanked a start codon
and stop codon. Then the PCR product was
purified by Gel Extraction kit (QIAquick Gel
Extraction Kit (50) Cat. No. 28704 QIAGEN)
lo be ready [or ligation reaction.

bp

600

400

winter wheat cells (GenBank accession NO.
AF442967), with ORF of 693 bp.

Cloning of the Thaumatin-like protein
(TLP)
a) Ligation of TLP

The 71.F gene was cloned into pUCI19
vector which contains the recognition site of
EcoRI in its S° and BamHI in its 3° (o enable
the ligation of the target gene. which contains
the recognition site of BglLl/l in its 5 and
LcoRl in its 3. (Fig. 9). This ligation mixture
was transformed into £ coli Topl0 strain.

| LS B R
Lol

L T ST 3
g ;w"“t‘\rr\« 'r_,',._;.;', \
’ plC19 =4
2686 hp =

r ..ll I'I-' ?1"5 1‘.'

T
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b) Screening for the recombinant plasmid

Screening for the recombinant plasmid
was done by using a variety of molecular
biology techniques such as blue and white
colony, screening with minipreps DNA
purification method, double restriction
digestion using ZcoRl and BamH] and PCR
experiment.

Fig. (10): Screening for recombinant plasmid
by minipreps DNA purification method
(1% agarose gel). M: 1Kb DNA ladder
(STRATAGENE CAT. # 201115-81).
Lanes 1 and 3: miniprep of recombinant
plasmid "white colony". Lanes 2 and 4:

miniprep of pUC19 "blue colony’'.

d) Double restriction digestion using EcoRl
and BamHI

The nsert was checked by
electrophoresis on 1% agarose gel after double
restriction digestion with £ZcoR/ Promega (cat.
# R6011) and BamHI Promega (cat. # R602)

Fig. (11): Screening for the positive colonies of the
pUCI9 plasmid by double digestion using
EcoRI and BamH]I (1% agarose gel). M: 1Kb
DNA ladder (STRATAGENE CAT. # 201115-
81). Lanes 1 and 3: double digestion for the
recombinant plasmid by EcoRI and BamHI.
Lanes 2 and d: single digestion for the

recombinant plasinid by BamH]I.

¢) Minipreps DNA purification method

The plasmids of the selected white
clones and some blue clones were isolated
using Wizared plus SV minipreps DNA
purification svstem (Cat# Al330). After
screening with minipreps DNA purification
method, the positive colonies had higher
molecular weight than the negative colonies as
shown in Fig. (10).

bp

3000

2000
1500

1000 .

as shown in Fig(11). Results of double
digestion indicated the electrophoretic
mobility of the 7.F fragment of ~ 500 bp
associated with a higher molecular weight
band of about 2700 bp refereed to pUC19
linear plasmid lanes land 3.
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h) PCR experiment detection.
PCR amplification detection of the

carried out with the DNA of recombinant
plasmid as a confirmation step, and examined

recombinant plasmid carrying the TLP
fragment using F-Exp and R-Exp primers was

by gel electrophoresis Fig. (12).

Fig .(12): Screening for the positive colonies of the
PUC19 plasmid by PCR (1% agarose gel). M:
IKb DNA ladder. (STRATAGENE CAT. #
201115-81). Lanes 1,2 and 3: positive colonies
of the PUCI9 plasmid. Lane 4: negative
colony.

dideoxynucleotide method. using fluorescent
bases and analyzed on an automated Applied
Biosystems Model 310 sequencer and the
sequence was as in Fig. (13).

Sequence of the complete TLP gene

The complete 77.P gene was sequenced
using the ml3 forward primer Sequence
determination was carried out using the

atggcgacctcegecggtgcectecttectectectegetgtttttgecgecggtgecagegeg
M A € 8 A V L F L, L. L A ¥V B & B @& A § A
geccaccttcaacatcaagaacaactgeggetccacaatttggeecggegggecatccecggtg
AW F W OE Bl WE IR S DR R TR A, & .3 F W
ggtgggggcttaeogagetgggecgcaggeccagacgtccagcatcaacgtgecegegggcace
a % & F B B & K @8 9 " o® B P B "F MG 7T
aaagccgggaggatatgggctcgecacegggtgectecttcaatggeggecagegggagetge
B RTTe R T WAt e G TR BTN OETYe &8 @ 8 8
cggacecggcgactgecggeggccagectgtecctgetececctctcegggeggecaccagecaacy
R T 8 b € &6 & Q9 & 8 € # & & & R FF » A T
ctggccgagtacaccatcggecggecggeggcaceccaggacttctacgacatctecggtgate
kK &S B X F I°o & & & & B B B B ¥ B I 8 ¥ I
gacggcttecaaccttgecatggacttcectecgtgcagcaccggegacgegectecagbgecagyg
B & ¥ N L A N B F &' € 8 T 8 ' » 24 & B C =R
gatcccagctgocccgecgacgcaagectaccaacaccccaacgaccaagccacacacgoo
D ¥ % C p P ** g B Y @ E ® N D B A T H A
tgcagtggcaataataactaccagatcaccttectgeccatga

£ @ = W ¥ W Y. B T ¥ F§F € '3 =

Fig. (13): The DNA sequence of the TLP gene isolated from Egyptian wheat and translation of
nucleotide sequence generated on ExPASy Database (522 bp and 73 a.a).
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DNA sequence was edited to remove any
primer or veclor sequence associaled with the
sequence using the EditSeq module Laserygene
suite program ver.7.0 (DNA Siar inc) DNA
sequence comparison was carried out with
those entries in the primarv data base.

7

Genbank at  (National Center for
Biotechnology Information (NCBI). The
sequence of the 77.P gene fragment was 100%
similar to Triticum aestivum Thaumatin-like
protein mRNA with the accession number
AF384146 Fig. (14).
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Fig. (14): The result of the Blast of the complete TLP gene on the GenBank.

Amino acid sequences of wheat and its
homologues were aligned using CLUSTAL W.
In the amno acids sequence of the TLP
isolated [rom wheat leaves. which have the
accessions NO. AF389883. AF384146 and the

recombinant 77.P gene which was isolated
from genomic DNA (Sakha 61). 10 cvsteine
can be observed and the 16 cvsteine in the
amino acids sequence ol the oat. barlev and
tomato (Fig. 15).
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Whaat -Ar20%00J -Lik

Cas=LIWTTi-mBNA
BSarley
Tosmmmtars 201 J 0T eI

Whaab-LRFANAI 40—

Mivmat -ardkGEid-cna

Tomats~hCDLIET SO0

- s -

Fig. (13): Comparison of N-terminal amino acid sequences of purified TLP-EW protein with
several TL proteins. Amino acid residues, which are conserved in all thaumatin-like
proteins, are marked with asterisks. Positions of the conserved cysteine residues are

boxed.
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