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ABSTRACT

Alcohol dehydrogenase (ADH) is an enzyme involved in pathways that respond to various
environmental stresses such as osmotic, wound and anaerobic condition. In this study, the
recombinant Metroxylon sagu Adhl cDNA (r-msAdhl) was cloned into an expression vector;
pET-41a(+) and expressed in Escherichia coli (E. coli) strain BL21 (DE3). SDS-PAGE
analysis of the E. coli lysate revealed that large amount of expressed protein formed insoluble
aggregation, non-active protein. However, soluble r-msAdhl protein was successfully
produced at low-growth temperature and showed catalytic activity when
spectrophotometrically assayed. Second part of this study involves the in-planta
transformation of r-msAdhl cDNA into tomato seeds using Agrobacterium tumefaciens (A.
tumefaciens) strain LBA4404. The result showed that, out of 15 putative transformed plants
(To) were analysed, five putative transgenic plant lines were determined to carry r-msAdhl
cDNA in their genome. Further analysis also showed that r-msAdhl cDNA have passed into
all Ty transgenic lines and expression analysis at transcript level confirmed the presence of r-

msAdhl in transgenic tomato genome.

Keywords: Alcohol dehydrogenase, Heterologous expression, Insoluble and soluble protein,

Agrobacterium tumefaciens, In planta transformation.



Pengekspresan Heterologus Gen Rekombinan Alkohol Dehidrogenase dari Pokok Sagu ke

dalam Sistem Bakteria dan Tumbuhan

ABSTRAK

Alkohol dehidrogenase (ADH) merupakan enzim yang terlibat dalam laluan yang bertindak
balas kepada pelbagai tekanan alam sekitar seperti osmosis, luka dan keadaan anaerobik.

Dalam kajian ini, rekombinan Metroxylon sagu Adhl cDNA (r-msAdhl) diklon ke dalam

vektor pET-4la(+) dan diekpres ke dalam Escherichia coli (E. coli) strain BL21 (DES3).

Analisis SDS-PAGE menunjukkan sebahagian besar protein yang diekpres membentuk protein
agregat tidak larut yang tidak berfungsi. Walaubagaimanapun, protein larut r-msAdhl
berjaya diekpres pada suhu pertumbuhan yang rendah dan menunjukkan aktiviti tindak balas
apabila dianalisis mengunakan spektrofotometer. Manakala, bahagian kedua kajian ini

melibatkan transformasi in planta r-msAdhl cDNA ke dalam genom tomato dengan

mengunakan Agrobacterium tumefaciens strain LBA4404. Keputusan menunjukkan bahawa,

daripada 15 putatif tumbuhan transformasi; (To) yang dianalisis, terdapat lima putatif pokok

transgenik adalah positif r-msAdhl cDNA. Analisis selanjutnya menunjukkan r-msAdh1l telah

dipindah kepada semua generasi T1dan analisis pengekpresan pada peringkat transkrip juga

telah mengesahkan kehadiran r-msAdhl.

Kata Kunci: Gen alkohol dehidrogenase, Pengekspresan heterologus, Protein tidak larut dan

larut, BL21 (DE3), Agrobacterium tumefaciens, Transformasi in-planta.
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CHAPTER 1

INTRODUCTION

Plants frequently encounter unfavourable growth conditions such as low temperature,
dehydration, phytohormone, abcisic acid and anaerobic stress (Roslan et al., 2010) which
delay growth and development, reduce the productivity, and in extreme cases can cause plant
death (Krasensky and Jonak, 2012). However, by changing their cell structure, biochemistry
pathways and evolving adaptive physiological changes, plant are able to adapt and response to
these various environmental stresses (Roslan et al., 2010). Meanwhile, at the molecular level;
many plants also alters the pattern of gene expression upon stress (Kim et al., 2003; Krasensky
and Jonak, 2012). According to Krasensky and Jonak (2012), stress-inducible genes comprise
of genes that involved in direct protection from stress, including the synthesis of
osmoprotectants, detoxifying enzymes, and transporters, as well as genes that encode
regulatory proteins such as transcription factors, protein kinases, and phosphatase.

One of the many enzymes that is involved in pathways that response to environmental
stresses is alcohol dehydrogenase enzyme (ADH). Recently, Roslan et al. (2010) has
identified the activity of ADH enzyme in various sago palm tissues (Metroxylon sagu) such as
in young and matured leaves, waterlogged and non-waterlogged roots. The expression of Adh
gene were reported to be highest in young leaves due to various physiological and biochemical
changes as young leaf matures (Roslan et al., 2010). By using the rapid amplification of
cDNA ends technique (RACE), they had successfully isolated the full length of the Adhl
cDNA from both young and matured leaf of sago palm with the size of approximately 1.3 kb
in length corresponding to a predicted 380 amino acids. However, a start site of recombinant

Metroxylon sagu Adhl cDNA (r-msAdhl) generated via RACE includes a 20 nucleotides that
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was derived from Adhl cDNA sequence of oil palm (Roslan et al., 2010). Nevertheless, the
missing 5’-end of the gene in sago palm has been later identified via genomic walking (Wee
and Roslan, 2012). The discovery of the full length of r-msAdhl cDNA from sago palm has
prompted the work of r-msAdh1 expression either in prokaryote and eukaryote system. This is
because the ability to clone foreign gene into various heterologous host could make it possible
to further investigate the function and activity of r-msAdhl. The first attempt to clone r-
msAdhl in an expression vector pET-4la(+) was undertaken by Wee (2011). However, a
single nucleotide mutagenesis (nucleotide addition) was discovered at the 5 of the r-msAdhl
cDNA sequence which generated from the step to blunt-end the r-msAdhl cDNA during
cloning procedure. The mutagenesis caused a frameshift to the open reading frame and
consequently generated a stop codon approximately after 49 amino acids from start codon.
Nevertheless, further research by Miew (2011) in the reconstruction of the pET-41a(+)
containing r-msAdhl cDNA had successfully cloned the gene in the correct frame. However,
problem arose as the r-msAdhl cDNA sequence contained seven stop codons prior to the
histidine sequence in pET-41a(+), thus rendering non-usability of his-tag column that is
required in the purification step. This work therefore aims at rectifying the cloning mistakes
and overexpress the r-msAdhl cDNA in Escherichia coli (E. coli) strain BL21 (DE3), so that
the expressed protein can be later purified and use in enzyme assay. However, as the
expression of eukaryotic gene in E. coli had reported to be significantly challenging due to the
codon bias, protein folding, mRNA stability and limited eukaryotic post-translational
machinery function; therefore, the expression of r-msAdhl cDNA in eukaryote system was
also studied. The aim of the second part of this work is to construct binary vector; pGSA1131
to contains the r-msAdhl cDNA and subsequently used for Agrobacterium tumefaciens-

mediated in planta seed transformation without involvement of tissue culture procedure. After
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transformation, integration of r-msAdhl cDNA in To and T1 generation was analysed using
polymerase chain reaction (PCR) and confirmed by nucleotide sequencing. The phenotype
changes of transgenic lines over generation (To and Ti) also observed and discussed.

Therefore, the objectives of this study are:

1. To remove the stop codons in r-msAdhl cDNA sequence and clone into the
expression vector, pET-41a(+).

2. To express of the pET-41a(+)/r-msAdhl construct in E. coli strain BL21 (DE3).

3. To purify the recombinant protein and assess the activity of r-msAdhl.

4. To construct a binary vector, pGSA1131 that contains r-msAdhl cDNA.

5. To transform Lycopersicum esculentum cultivar MT1 with the newly construct,
pGSA1131/r-msAdhl.

6. To analyse the integration and expression of r-msAdh1l cDNA in transgenic tomato.

7. To observe the phenotype changes of transgenic lines; To and Ty,



CHAPTER TWO

LITERATURE REVIEW

2.1 Alcohol dehydrogenase

Alcohol dehydrogenase (ADH, alcohol:NAD™ oxidoreductase, EC 1.1.1.1) is a Zn-binding
enzyme that acts as a dimer and relies on an NAD(P) co-factor to interconvert ethanol and
acetaldehyde (and other short linear alcohol/aldehyde pairs) (Strommer, 2011). It is a member
of a well-studied medium-length dehydrogenase/reductase (MDR) protein superfamily
(Strommer, 2011). ADH enzyme presents in all organisms, ranging from prokaryotes to fungi,
plants and animals (Machielsen et al., 2006) however its metabolic function varies (Dolferus
etal., 1997).

The Adh gene have been characterized at the molecular level in wide range of
flowering plants. Generally, the flowering plants possess two or three isoenzymes with
exception in Arabidopsis that appears to have a single locus (Chang and Meyerowitz, 1986).
The activity of ADH has been detected in a wide range of higher plants such as maize, rice,
tomato, wheat and sago palm (Roslan et al., 2010). It plays in many important roles which

include;

e Facilitates cell survival during episodes of low-oxygen stress in water-logged roots
(Garabagi et al., 2005) and anoxic or hypoxic conditions (Roslan et al., 2010).

¢ Responsible for adaptive functions for plant defence against environmental stresses
such as osmotic and wound (Kato-noguchi, 2000 ; Kato-noguchi, 2001), cool stress

and also dehydration (Dolferus et al., 1994). Low temperature and osmotic stress cause



a rapid increase in activity of Adhl in Arabidpsis (Dolferus et al., 1994) and also in
maize and rice seedling (Christie et al., 1991).

¢ Involved in germination of seed under anaerobic conditions (Dolferus et al., 1994), in
seed development (MacNicol and Jacobsen, 2001), in aerobic metabolisme in pollen
(Bucher et al., 1995) and expressed in dry seeds and in anaerobically treated seeds,
roots and shoots (Chang and Meyerowitz, 1986).

e Detoxification of acetaldehyde to ethanol during seed storage of seed in tobacco,
carbon reutilization (Garabagi et al., 2005).

e Interconversion of aldehydes and alcohols in tomato, thus affects the flavour of the
tomato fruit (Speirs et al., 1998).

e Ethanol removal and carbon scavenging in pollinated pistils of potato (Van Eldik et al.,

1998).

2.2 Recombinant Alcohol dehydrogenase cDNA from Metroxylon sagu (r-msAdhl)

The recombinant alcohol dehydrogenase cDNA (r-msAdhl) of sago palm showed highest
identity (91%) with oil palm Adh. This was followed by 87% identity to rice and maize Adh1,
85% identity to Washingtonia robusta AdhB, and 82% identity to Adh from Arabidopsis. The
r-msAdhl cDNA has 1.34 kb in length and contains a predicted 380 amino acids (Wee and

Roslan, 2012).



20 nucleotides derived from oil palm Adhl cDNA
A

r 1

20 40
I |

ATGGCAAGCACTGTTGGTCAAGTGATCAGATGCAGAGCGGCGGTCTCATGGGAGGCCGG

60 80 100
I | I

GAAGCCGCTGGTGATGGAGGAGGTCGAGGTTGCGCCGCCGCAGGCGATGGAGGTTCGGA

120 140 180
]

| |
TGAAGATCCTTTATACTTCCCTCTGCCACACTGATGTCTACTTCTGGGAAGCTAAGGGC

180 200 220
| I I

CAGACTCCTGTCTTTCCTCGGATCTTTGGCCATGAAGCTGGAGGGATTATAGAGAGTGT

240 260 280
| I |

TGGGGAGGGTGTGACTGAACTTGCACCAGGAGACCATGTCCTCCCTATATTCACTGGAG

300 320 340
| I |

AATGCAAAGAGTGTGCTCACTGTAAGTCCGAGGAGAGCAACATGTGTGATCTCCTCAGG

360 380 400
1 | |
ATAAACACGGATCGGGGAGTGATGATCAATGATGGGAAATCGAGGTTCACTATCAATGG

420 440 460
[ I 1

AAAGCCCATTTACCATTTCCTAGGAACATCCACTTTCAGCGAGTACACCGTTGTCCATG

0 5 i

TTGGCTGTGTTGCCAAGATCAACCCCTTGGCTCCCCTTGATAAAGTTTGTGTTCTTAGC

540 560 580
1 1 I

TGTGGCATTTCAACAGGATTTGGTGCGACTGTTAATGTTGCAAAACCACCAAAGGGATC

600 620 840
| I |

GACGGTGGCTGTTTTTGGCTTGGGAGCTGTAGGCCTTGCTGCTGCA|IGAAGGTGCTAGAG

660 680 700
| I |

CTTCAGGGGCATCAAGAATCATTGGTGTTGATGTGAACCCCAAGAGGTTTGAGGAAGCA

720 T40 TE0
[} |

|
ATGAAGTTCGGTTGCGCGGAGTTTGTGAATCCAATGGACCATGACAAGCCAGTCCAAGA

780 800 820
I | 1

GGTGATTGCTGAGATGACAAATGGTGGAGTTGATCGAAGCGTTGAATGCACTGGCAACA

Emﬁﬂ

g0 860 880
[}

wl |
TAAATGCCATGAT%TCTGCATTCGAATGTGTCCATGATGGCTGGGGTGTTGCTGTACTG
A

200 20 240
| 1 I

GTTGGGGTGCCTCACAAAGAAGCTGAGTTCAAAACCCACCCTATGAACTTCCTTAACGA

[Pstl]
Qfliﬂ 980 1 {I>DD
I
AAGAACTCTTAAGGGAACCTTCTTTGGGAACTATAAACCGCGCTCTGACATTCCTGCA
1,020 1,040 1,060
I I |
TTGTTGAGAAGTACATGAACAAGGAGCTAGAATTGGAGAAGTTCATCACCCACAGTGTG

1,080 1,100 1,120
1 | |

CCTTTCTCTGAGATCAACAAGGCCTTTGGCTACATGCTCAAGGGGGAGAGCCTTAGGTG
1,140

I
CATCATTCACATGGATGGT

Figure 1: The full length of r-msAdhl cDNA generated via RACE was includes a 20 nucleotide
sequence of the start site that derived from oil palm Adhl cDNA sequence.



2.3 Heterologous expression

Heterologous expression involves the identification of genes and transferring of the
corresponding DNA fragments into other host other than its original source for synthesis of
the encoded protein (Yesilirmak and Sayers, 2009). This technique is applied with the aim to
overexpress the protein thus allowing large-scale purification as well as providing insights into

the functions of proteins in complex pathways (Yesilirmak and Sayers, 2009).

2.4 Cloning and expression of foreign gene in Escherichia coli

Bacterial expression is the most common expression system for the production of recombinant
proteins. For this purpose, Escherichia coli (E. coli) have long been the favourite choice
because of its well-known genetics, high transformation efficiency, cultivation simplicity,
rapidity and cheap (Saida et al., 2006).

The genotype of E. coli strains widely used for cloning and expression with the pET
system is BL21 and its derivatives, which have the advantage of being deficient in both lon
protease and lacks the ompT outer membrane protease (Jeong et al., 2015) that can degrade
proteins during purification (Grodberg and Dunn, 1988). Thus, this confers stability to some
target proteins in BL21 than in host strains that contain these proteases (Novagen, 2005).

In this study, BL21 (DE3) was chosen as host of expression to express r-msAdhl
cDNA. BL21 (DE3) is lysogens of bacteriophage DE3, a lambda derivative that has the
immunity region of phage 21, carries a DNA fragment containing the lacl gene, the T7 gene 1
(encoding T7 RNA polymerase) and the UV5 lac promoter (Studier and Moffatt, 1986). The
addition of IPTG to growing culture (IDE3 lysogen) induces the UV5 lac promoter to
transcribe T7 RNA polymerase which in turn transcribes the target DNA in the pET vector.

Once the system is fully induced, almost all of the cell’s resources are shifted towards
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expressing the target protein. Therefore, the desired product can comprise more than 50% of

the total protein after a few hours of induction (Novagen, 2005).

2.5 Challenges of expressing eukaryotic proteins in bacterial expression system
Expression in bacterial system is not without its challenges. Since it is a prokaryotic-based
system, many heterologous expressed eukaryotic proteins are not folded properly and form
insoluble aggregates, called inclusion bodies, when expressed in large amount (Khow and
Suntrarachun, 2012). Apart from that, the lysis process to recover cytoplasmic protein often
result in the release of endotoxin (Rai and Padh, 2001).

The insoluble and inactive proteins are co-produced in a bacterial expression system
due to protein misfolding, codon bias, mMRNA stability (seconds to 20 minutes) and limited
eukaryotic post-translational machinery function such as glycosylation and phosphorylation
(Khow and Suntrarachun, 2012). Nevertheless, successful heterologous expression of
eukaryotic protein in bacterial host such as BL21 (DE3) has been reported as well. For
example, the recombinant his-tagged Bomboryx cori Adh gene (BmAdh) that cloned into pET-
30 (+) was expressed in BL21 (DE3) under low temperature at 15 °C (Wang et al., 2011).
Meanwhile, Tesniere and Verries (2000) has reported successful expression of the full length
cDNA of Adh2 and Adh3 from the grape berries in BL21 (DE3) under the induction of short

period (2 hours) and low concentration of IPTG (0.4 mM).



2.6 Fusion tag
The use of fusion tags can facilitate the detection and subsequent purification of the target
protein, increase the probability of biological activity by affecting solubility in the cytoplasm
or exporting to the periplasm (Novagen, 2005), protect the protein from intracellular
proteolysis (Martinez et al., 1995) and can be used as a specific expression reporter (Waldo et
al., 1999).

The histidine tag sequence in pET-4la(+) encodes for a string of eight histidine
residues (Refer to Appendix D). The advantageous in the use of histidine tag is that the tagged
protein can be purified using commercial kits under fully denaturing condition which is

particularly convenient for proteins expressed as inclusion bodies (Novagen, 2005).

2.7 Agrobacterium tumefaciens strain LBA4404
The A. tumefaciens strain used for transformation in this study is an octopine type strain,
LBA4404. The strain contains vir helper plasmid; LBA4404, and has the TiAch5
chromosomal background (Hellens and Mullineaux, 2000). This strain does not show b-
lactamase activity well and therefore, can be easily killed at low concentration of either
carbenicillin or timentin (Hooykaas, 1988). According to Yarizade et al. (2012) the
carbenicillin shows little or no detrimental effect on eukaryotic plant cells. It kills the bacteria
by inhibiting the bacterial enzymes; transpeptidase and carboxypeptidase (commonly called
penicillin-binding-protein) that catalyzes the reaction of prokaryotic peptidoglycan synthesis
of the cell wall (Yarizade et al., 2012).

Table 1 below shows the A. tumefaciens strains that are grouped according to the opine

catabolism of the original progenitor wild-type strain and/or non-disarmed parental Ti



plasmid. This generally accepted classification of Agrobacterium strains does not necessarily

imply that their disarmed counterpart still make opines (Hellens and Mullineaux, 2000).
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Table 1: Disarmed Agrobacterium tumefaciens strains defined by the Agrobacterium chromosomal
background and Ti plasmid. (Table adapted from Hellens and Mullineaux, 2000).

Chromosomal Ti plasmid
Agrobacterium strain Opine
Back- | Marker Marker
ground gene Gene
. . strep .
LBA4404 TiAch5 rif pAL4404 spec Octopine
. pGV2260 .
GV2260 C58 rif (PTiB6S3DT-DNA) Carb Octopine
C58C1 C58 - Cured - Nopaline
GV3100 C58 - Cured - Nopaline
rif and
A136 C58 nal Cured - Nopaline
GV3101 C58 rif Cured - Nopaline
. pGV3850 .
GV3850 C58 rif (pTiC58Donc. genes carb Nopaline
) pMP90 (pTiC58DT- )
GV3101::pMP90 C58 rif DNA gent Nopaline
. . PMP90RK gent .
GV3101::pMP90RK C58 rif (PTIC58DT-DNA) Kan Nopaline
. pEHA101 .
EHA101 C58 rif (pTiB0542DT-DNA kan Nopaline
: PEHA105 ) : :
EHA105 C58 rif (pTiB0542DT-DNA Succinamopine
C58, ) . . .
AGL-1 RecA rif pTiBo542DT-DNA - Succinamopine

Abbreviations:

carb, carbenicillin resistance; gent, gentamicin resistance; kan, kanamycin resistance; nal, nalidixic

acid resistance;
resistance.
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2.8 Tomato (Lycopersicon esculentum Mill.) as a model plant for genetic transformation.

Tomato (Lycopersicon esculentum Mill.) is a member of the Solanaceae family, which is dicot
plant. For genetic and genomic studies, tomato has many advantages such as relatively small
genome; 12 chromosomes (Hasan et al., 2008), having numerous mapped traits (Tanksley et
al., 1992), developed DNA marker (Tanksley et al., 1993), abundant collections of germplasm
and mutants (Menda et al., 2004), and increasing number of expressed tag (ESTs) (Van der
Hoeven et al., 2002; Yamamoto et al., 2005). In this study, for the transformation and
expression of r-msAdhl cDNA in plant system, tomato cultivar MT1 was chosen and seeds

were purchased from Malaysia Agriculture Research and Development Institute (MARDI).

2.9 Expression of foreign genes in plants

Plants are among promising and suitable bio-platform system for production of recombinant
biopharmaceutical proteins (SoltanMohammadi et al., 2014). This is due to several features
such as safety, no need for fermentation, cheaper investment, fast, easy to scale-up for mass
production, high expression, and glycosylation ability (SoltanMohammadi et al., 2014;
Daniell et al., 2001). The most commonly used methods for plant genetic transformation are
the Agrobacterium-mediated transformation and particle bombardment (lbrahim et al., 2014).
Transformation utilizing A. tumefaciens is the method of choice because it allows stable
integration of foreign DNA into the plant genome and generally results in a lower copy
number integrant, fewer rearrangements and improved stability of expression over generations
than other DNA delivery methods (Smith and Hood 1995; Dai et al., 2001; Hu et al., 2003).
Hence, this method produced fewer problems such as transgene instability, gene silencing,
and/or co-suppression (Koncz et al., 1994, Hansen et al., 1997). Another advantage of
Agrobacterium-mediated transformation is mosaicism can be avoided, which is more
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frequently occurs when intact organs are transform by direct methods (Enriquez-Obregon et
al. 1998).

The Agrobacterium-mediated transformation mechanism works well with
dicotyledonous plants; however, monocotyledonous plants are recalcitrant towards gene
transfer using A. tumefaciens (lbrahim et al., 2014). According to Sood et al. (2011), T-DNA
fails to target the specific monocots meristemic cells that are competent to differentiate. In
other hand, the meristamic cells lose the ability to dedifferentiate at a very early stage of
development (Graves, 1988). Unlike dicot plants, monocot plants also have extremely weak
wound response and have an absence or low levels of vir-inducing excudates (Hooykaas,
1989). However, later it was shown that monocots do produces vir inducing compounds but in
mixtures rather than in individual compound which is stronger in activity (Xu et al., 1989).
Monocots were also incapable of responding to either auxins and/cytokinins in the culture
medium. Besides, low efficiency of the transformation in monocots is also because of the
transgene inactivation due to methylation of the T-DNA sequence (Matzke, 1991).
Nevertheless, it is now possible to transform even difficult monocots using tailor-made gene
construct and promoter, suitable A. tumefaciens strains and a proper understanding of the
entire process (Sood et al., 2011).

Tomato is considered as one of the most important vegetable crops for the genetic
engineers because it serves as a model for introduction of agronomically important genes into
dicotyledonous crop plants (Wing et al., 1994; McCormick, 1986). The first report of
Agrobacterium-mediated tomato transformation was made by McCormick and his colleagues
in 1986. Since then, there have been many reports of tomato being engineered for a variety of
purposes; including characterization of gene function (Janssen et al., 1998) production of

insect- and disease-resistant plants (Lin et al., 2004), herbicide tolerance (Fillatti et al., 1987),
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improved fruit quality (Davuluri et al., 2005; Bramley, 2002), delay in fruit ripening (Gupta et
al., 2013), production of foreign proteins (Youm et al., 2008) and in improving the
transformation protocol (Park et al., 2003). The most protocol used for tomato transformation
are based on shoot regeneration from leaf disk/cotyledon tissue that is co-cultivated with
disarmed A. tumefaciens harboring a binary vector (Sharma et al., 2009 ; Farzaneh et al.,
2013). Though genetic transformation with in vitro regeneration has been successfully used
for genetic improvement of tomato (Lindsey, 1992), the drawback using tissue culturing
method is the formation of somaclonal variation in transgenic plants due to the long exposure
with growth hormones (Larkin and Scowcroft, 1981; Lee et al., 2013), the possibility of
increased contamination in rich media (Lee et al., 2013), time consuming, genotype
specificity, recalcitrant and transgenic plants may fail to acclimatize (Mayavan et al., 2013).
Thus, considerable refinements of current transformation systems are required to achieve
commercial application of transgenics.

In planta transformation is an alternative method which does not involve in vitro
culture of plant cells or tissues, thereby reducing time labour cost and the most importantly is
somaclonal variation that is encountered during in vitro culture-mediated genetic
transformation and regeneration can be avoided (Mayavan et al., 2013). Recently, in planta
transformation of dicotyledonous plants has been established for many commercial valuable
crops such as citrus (Ahmad and Mirza, 2005), cotton (TianZi et al., 2010), Arabidopsis
thaliana (Bent, 2000), peanut (Rohini and Rao, 2000), apple, pear, peach, strawberry
(Spolaore et al., 2001). The in planta Agrobacterium-mediated tomato transformation by fruit
injection (Yasmeen et al., 2009; Hasan et al., 2008) and floral dip (Yasmeen et al., 2008) also
have been reported. According to Yasmeen et al. (2009), fruit injection method gave the best

transformation results compared to floral dip transformation. The finding was consistent with
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those of Hasan et al. (2008) that reported Agrobacterium-infiltration of ripened fruits of
tomato presented an excellent protocol for transformation. Meanwhile, the successful in planta
transformation of dicotyledonous plants targeting on germinating seeds had been reported for
radish (Park et al., 2005), cotton (Keshamma et al., 2008), Brassica napus (Song et al., 2009)
and sugarcane (Mayavan et al., 2013). An efficient strategy of in planta seeds transformation
developed by Mayavan et al. (2013) had produced stable integration of the transgene into five
Indian sugarcane genome with highest transformation efficiency of 45.5 % for genotype
CoC671. Up to date, however; in planta transformation directly using seed has not yet been

reported in any tomato cultivars.
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CHAPTER THREE

CONSTRUCTION OF RECOMBINANT ALCOHOL DEHYDROGENASE 1 (r-
msAdhl) INTO EXPRESSION VECTOR AND EXPRESSION IN BACTERIAL

SYSTEM

3.0 Overview

This chapter will focus on the heterologous expression of r-msAdhl cDNA in bacterial system.
Among host systems that are available for expression of gene interest, the Gram-negative
Escherichia coli (E. coli) is still the first host to try (Larsen, 2009). Though there are some
major drawback in E. coli for eukaryotic protein expression; such as lack of post-translational
modification and the limited ability to deal with disulphide bridge; the successful heterologous
expression of eukaryote Adh cDNA in E. coli strain BL21 (DE3) has been reported by Wang
et al. (2011) and Tesniere and Verries (2000). Therefore, to achieve the goals, the
reconstruction of r-msAdhl cDNA into pET-41a(+) was done and the newly construct then
transformed into E. coli strain BL21 (DE3). In the attempt to obtained soluble r-msAdhl
protein, expression condition was optimized by growing the induced culture at different
growth temperatures and periods. Subsequently, the expressed protein then was purified using
NI-NTA Spin Column and catalytic activity of r-msAdh was assayed using spectrophotometry

by monitoring the increase of absorbance at 340 nm. The objectives of this chapter includes;

1. To remove the stop codons in r-msAdhl cDNA sequence and clone into the expression
vector, pET-41a(+).
2. To express of the pET-41a(+)/r-msAdhl construct in E. coli strain BL21 (DE3).

3. To purify the recombinant protein and assess the activity of r-msAdhl.
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The workflow is briefly illustrated in Figure 2 below.

=
Reconstruction of

recombinant plasmid, pET-
41a(+)/r-msAdhl

Analysis of the construct

Transformation and
expression of pET-41a(+)/r-
msAdhl into bacterial system

Total protein detection
through SDS-PAGE

~

Purification of r-msAdh1
using Ni-NTA Spin column

ADH enzymatic assay

Figure 2: Workflow for construction of r-msAdhl into expression vector and their expression in
bacterial system.
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3.1 Materials and Methods

3.1.1 Construction of r-msAdhl cDNA in expression vector, pET-41a(+)

3.1.1.1 Directional cloning of PCR product using 5°Ndel_adaptor and 3’Xhol_r-msAdhl

specific primers

The open reading frame of the r-msAdh1 coding region was obtained through amplification of

pET-41a(+)/r-msAdhl plasmid that constructed by Miew (2011) using the following primers:

5’Ndel_adaptor (5’-GGAATTTATGGCAAGCAGTGTTGG-3") and 3_r-msAdhl_Xhol (5’

GCTAACTCGAGACCATCCATGTGAATGATGCAC-3’). The PCR reaction profile used is

shown in Table 2. Meanwhile, the composition of the PCR reaction mixture is shown in Table

3.

Table 2: PCR reaction profile to generate the full length of r-msAdhl cDNA. PCR was undertaken
using the 5’°Ndel_adaptor and 3_r-msAdh1_Xhol primers combination.

Segment

Temperature (°C) Duration Number of cycles

Initial denature
Denaturation
Annealing
Elongation

Initial denature

94
94
62
72
72

3m 1x
30s
1m 35X
2m
10 m 1x
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Table 3: The composition of 1X PCR mixture to generate the full length of r-msAdhl cDNA.

Reagents 1X (uL)
10x High Fidelity buffer with 15mM MgCl> 2.5
dNTP (2.5 mM) 2.5

5 Ncol_msAdhl (10 uM) 1

3’ BamHI msAdh1(10 pM) 1
Extracted plasmid, pET-41a(+)/r-msAdhl1 (1.0 pg/uL) 0.5
High Fidelity enzyme (0.625 U/uL) 0.5
Nuclease-free water 17
Total reaction 25

Next, the PCR product was purified using the PCR Cleanup Kit (Vivantis, USA) and
subsequently digested with Ndel (Fermentas, Lithuania) and Xhol (Fermentas, Lithuania)
restriction enzymes for 6 hours at 37 °C. The composition for the reaction is shown in Table 4.
Thermal inactivation was done at 80 °C for 20 minutes. After the double digestion, the r-
msAdhl cDNA was then purified from the digestion mixture using the PCR Cleanup Kit

(Vivantis, USA).

Table 4: The composition of restriction enzyme double digestion using Ndel and Xhol to produce
sticky ended r-msAdhl fragment.

Reagents Volume (uL)
Purified r-msAdh1 fragment (0.5 pg/uL) 20
Orange Buffer (10X) 4
Ndel (10 U/uL) 5
Xhol (10 U/uL) 5
Total reaction 34
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At the same time, the isolation of pET-4la(+) was done using GeneMATRIX™ Plasmid
Miniprep DNA Purification Kit (Molecular Biology Resources, USA) and subsequently
subjected to double restriction enzyme digestion using Ndel (Fermentas, Lithuania) and Xhol
(Fermentas, Lithuania) for 3 hours at 37 °C. The composition for the reaction is shown in

Table 5 and heat inactivation was done at 80 °C.

Table 5: The composition of restriction enzyme double digestion using Ndel and Xhol to produce
sticky ended pET-41a(+).

Reagents Volume (uL)
Extracted plasmid, pET-41a(+), (1.0 pg/pL) 20
Orange Buffer (10X) 3
Ndel (10 U/uL) 3
Xhol (10 U/uL) 3
Nuclease-free water 1
Total reaction 30

The fragments were separated by running an agarose gel electrophoresis at 100 V with
expected band sizes of approximately 5.013 kb and 920 bp. The desired fragment (~ 5.013
kb) was then extracted from the gel using GF-Gel Recovery Kit (Vivantis, USA).
Subsequently, the r-msAdh1l cDNA fragment was ligated into the vector using T4 DNA Ligase
(Fermentas, Lithuania) with incubation at 22 °C for 2 hours using composition shown in Table

6.

Table 6: The composition of ligation mixture to clone r-msAdhl into pET-41a(+).

Reagents Volume (uL)
Linearized vector, pET41-a(+), (0.5 pg/uL) 9.5
Purified r-msAdh1 fragment, (0.5 pg/uL) 20
T4 Ligase Buffer (10X) 3.5
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T4 Ligase (1 weiss U/uL) 2
Total reaction 35
3.1.1.2 Preparation of Escherichia coli strain XL-1 Blue competent cells

Ten microliters of thawed frozen glycerol stock of E. coli strain XL-1 Blue was inoculated
into 10 mL of Luria Bertani (LB) and grown for overnight at 37 °C with shaking at 150 rpm.
On the next day, 500 pL of the overnight culture was added into 10 mL LB without any
antibiotics and allowed to grow at 37 °C with shaking at 150 rpm until the ODeoo reached
approximately 0.5-0.6. Upon reaching the desired density, the tube was cooled on ice for 20
minutes and centrifuged at 3500 at 4 °C for 5 minutes. The supernantant was discarded and
the cell pellet was then gently resuspended with 15 mL iced-cold 100 mM calcium chloride
(CaCly). The cell suspensions were kept on ice for 10 minutes and centrifuged again as above.
After the centrifugation, the supernantant was discarded and the cells pellet resuspended with
1 mL of cold sterile 100 mM CaCl,. For long period storage, the cell suspension was added
with 20 % of pure glycerol, mixed well and aliquoted into several microcentrifuge tubes and

stored at -80 °C.

3.1.1.3 Transformation of the ligation reaction into E. coli strain XL-1 Blue via heat
shock

The ligation mixture was mixed with 50 uL competent cells in a pre-chilled microcentrifuge
tube and incubating for 20 minutes on ice. The cells were then heat-shocked for 2 minutes at
42 °C pre-set water bath and quickly returned onto ice for 10 minutes. Next, 1 mL of LB was
added into the tube and incubated at 37 °C, with gentle agitation at 150 rpm in an incubator-
shaker for an hour. The culture was then spread onto Luria agar (LA) plates containing 100

png/mL of kanamycin. All plates were incubated overnight at 37 °C.
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3.1.1.4 Plasmid isolation

A single colony was selected from the selection plate and inoculated into a 50 mL falcon tube
containing 10 mL of LB supplemented with 100 pg/mL kanamycin. The tube was then
cultured overnight at 37 °C with shaking at 150 rpm.  On the following day, 4 mL of
overnight culture was used for plasmid isolation using GeneMATRIX™ Plasmid Miniprep

DNA Purification Kit (Molecular Biology Resources, USA).

3.1.1.5 Verification of reading frame, restriction enzyme digestion analysis and
nucleotide sequencing

Verification of nucleotide sequence of the recombinant gene was undertaken to ensure the
proper open reading frame. The extracted plasmid was verified via PCR using specific r-
msAdhl1 primers. The PCR reaction profile is shown in Table 7 and the composition of PCR

mixture is shown in Table 8.

Table 7: PCR reaction profile to determine the presence of r-msAdhl in pET-41a(+) using the
5’Ndel _adaptor and 3_r-msAdh1_Xhol primers combination.

Segment Temperature (°C) Duration Number of cycles
Initial denature 94 3m 1x
Denaturation 94 30s

Annealing 62 Im 35x
Elongation 72 2m

Initial denature 72 10 m 1x
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Table 8: The composition of 1X PCR mixture used to determine the presence of r-msAdhl in
pET-41a(+) using the 5°Ndel adaptor and 3_r-msAdhl_Xhol primers combination.

Reagents 1X (uL)
2X Green Go-Taq Master Mix (Promega) 7.5
5’Ndel adaptor (10 uM) 1
3_r-msAdhl_Xhol (10 pM) 1
Extracted plasmid, pET-41a(+)/r-msAdh1(1.0 pg/uL) 1
Nuclease-free water 4.5
Total reaction 15

Verification of the open reading frame of the new construct was also carried out by restriction
enzyme digestion analysis. The double and single digestions were performed using
composition as shown in Table 9 for an overnight period at 37 °C. The fragments were
separated by running agarose gel electrophoresis, 1 % at 100 V for 30 minutes with expected
sizes of approximately 5.013 kb and 1.140 kb for double digestion of pET-41a(+)/r-msAdhl,
approximately 6.153 kb in size for single digestion of pET-4la(+)/r-msAdhl and

approximately 5.933 kb in size for single digestion of pET-41a(+)/Empty (control).

Table 9: The composition of restriction enzyme digestion to verify open reading frame of pET-
41a(+)/r-msAdhl.

Single digestion of Double digestion
pET-41a(+)/r-msAdhl of pET-41a(+)/r-

Reagents and pET-41a(+)/Empty msAdhl (uL)
(uL)

Plasmid (1.0 pg/pL) 7 115

Orange Buffer (10X) 1 1.5

Ndel (10 U/ uL) 1

Xhol (10 U/ pL) - 1

Nuclease-free water 1 -

Total Volume 10 15
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For further verification, the new construct was also sequenced using T7 Promoter: 5’-
TAATACGACTCACTATAGGG-3’, T7 Terminator: 5’-GCTAGTTATTGCTCAGCGG-3’,
Adhmor8 F: 5’-CTAGAGCTTCAGGGGCATCA-3’ and 5’ msAdhl _R: 5’-

AACACAGCCAACATGGACAA-3".

3.1.1.6 Transformation of pET-41a(+)/r-msAdhl into an expression host, Escherichia coli
strain BL21 (DE3)
Preparation of E. coli competent cells strain BL21 (DE3) and bacterial transformation were

carried out as described in segment 3.1.1.3.

3.1.2 Heterologous expression of r-msAdhl in Escherichia coli strain BL21 (DE3)

3.1.2.1 Induction and expression of r-msAdhl in BL21 (DE3)

The procedure for expression of pET-4la(+)/r-msAdhl in BL21 (DEJ) is illustrated in the
figure 3. To verify the result, the induction and expression of pET-4la(+)/Empty and

pET41a(+)/r-msAdhl in BL21 (DE3) was repeated three times.

Day 1
@ Freshly transformed colony BL21(DE3)
= harbouring pET-41a(+)/r-msAdhl was
\ — inoculated into 50 mL falcon tube containing
was 6 mL LB and kanamycin 100 pg/mL.

.. .

=) Culture incubated at 37 °C with shaking 250
- rpm to ODgoo: 0.6-1.0. Upon reached ODgoo
0.6-1.0, culture kept at 4°C for overnight.
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Day 2
Two millilitres culture was centrifuged for 30 seconds at

3500 rpm and supernatant discarded. Then, pellet was
resuspended with 1 mL fresh LB media and used to
inoculate 49 mL LB media + 100 pg/mL kanamycin in 250
mL Erlenmeyer flask.

4

Culture was incubated at 37 °C with shaking 250 rpm to
ODs0o: 0.5-0.6. Upon reached the desired density, 1.5 mL
culture was aliquot to serve as un-induced control.

4

Remaining culture were divided into four 100 mL Erlenmeyer flask; A, B, C and D
(each flask containing 10 mL culture). All flasks were added with IPTG to final
concentration of 0.4 mM. Flask A and B were incubated for 4 and 6 hours at
temperature 15 °C. Meanwhile, flask C and D were incubated for 4 and 6 hours at
temperature 27 °C.

$

Al Ta B: Te C:Ta D: Ts
Incubated at temperature 15 °C Incubated at temperature 27 °C

$

The ODesoo was then measured from each flask after period

T4 and Te. At the same time, 1.5 mL culture was aliquot and

centrifuged at 13, 200 rpm for 4 minutes. The supernantant
was discarded and pellet was stored at -20 °C until use.

Figure 3: Figure showed the procedure for the expression of pET-41a (+)/r-msAdhl in BL21 (DE3).
The procedure of expression was followed as recommended by Novagen (2005) with minor
modifications.
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3.1.3 Total protein extraction and detection

3.1.3.1 Cell lysis and total protein extraction

The pellets stored at -20 °C were thawed and resuspended with SDS sample buffer. The pellet
from non-induced culture (To) was resuspended with 75 pL of SDS sample buffer. To
standardize the total protein concentration, the pellets from induced culture (T4 and Te) were
resuspended with the volume that corresponds to the cell density (OD at 600). After that,
samples were incubated at 94 °C for 4 minutes on a heat block. The soluble and insoluble
fractions were separated by centrifugation at 35, 000 rpm for 10 minutes. Soluble fraction was

transferred into new microcentrifuge tube and kept in -20 °C.

3.1.3.2 Total protein detection through denaturing Polyacrylamide Gel Electrophoresis
(PAGE)

The protein samples were analysed on denaturing sodium deodecy sulphate polyacrylamide
gel electrophoresis (SDS-PAGE). PAGE was prepared by pouring 12.0 % resolving gel into
gel cast until it reached 1 cm below the end of the notched plate. The gel was layered with
distilled water and left to polymerize for approximately 30 minutes. After the gel had
polymerized, the water was poured off and dried with Whatman paper. Then, 4 % stacking gel
was loaded into the gel cast until it reached the end of the notched plate. The comb was then
placed slowly and the gel was left to polymerize for 15 minutes. Prior to electrophoretic run,
the comb was carefully removed and the gel was placed into the electrophoresis chamber (Owl
Scientific, USA). The 1X running buffer was poured to the inner and outer of the reservoir
until the gel was fully immersed. Meanwhile, the protein sample was mixed with sample

buffer at a ratio of 3:1 (15 pL protein sample to 5 pL loading buffer) and loaded into the well.
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The preparation of denaturing PAGE was followed as recommended by Mini-Protean Tetra

Cell (BIORAD, USA).

Figure 4: Picture showed denaturing polyacrylamide gel electrophoresis (PAGE) was carried out at a
constant voltage of 120 V. The electrophoresis run until the tracking dye reached
approximately 1 cm from the bottom of the gel.

Once electrophoresis was completed, gel was carefully removed from the glass plate and
transferred into fixing solution [45 % methanol, 10 % acetic acid / 45 % water] for 30 minutes.
Then, the gel was stained in staining solution [50 % methanol / 10 % acetic acid / 40 % water /
0.25 % Coomassie Brilliant Blue R250 (Merck, USA)] for an overnight. On the following
morning, gel was then transferred into destaining solution [30 % methanol / 10 % acetic acid /

60 % water] until protein band can be observed.
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3.1.4 Protein purification using NI-NTA spin column under native conditions from E.
coli lysates

Protein purification was done using Ni-NTA Spin Kits (Qiagen, Germany). The kit provide a
simple method for rapid screening and purification of 6xHistagged r-msAdhl protein from
small-scale expression culture. To purify histagged r-msAdhl protein, a pellet derived from 20
mL culture of BL21 (DE3) expressing r-msAdhl cDNA was resuspended in 1400 pL Lysis
Buffer (NP1-10) containing 1 mg/mL lysozyme, 0.5 mM PMSF, 60 uL DNAse 1 (1 u/pL)
and subsequently incubated for 30 minutes on ice. Then, 1.6 g glass beads was added and
vortex at 13, 200 rpm for 2 minutes. After that, soluble and insoluble fractions were separated
by centrifuging at 12, 000 x g for 25 minutes. The soluble fraction was then loaded into pre -
equilibrate column and centrifuged at 1600 rpm for 5 minutes. To remove unbind protein
(contaminants), column was washed three times by adding 600 uL Buffer NP1-20. After that,
200 pL Buffer NPI-500 was added into column and subsequently centrifuged at 2900 rpm for
2 minutes to elute pure his-tagged protein. The procedure is followed as recommended by Ni-

NTA Spin Kit Handbook (2008) with minor modifications.

3.1.5 Enzymatic assay of ADH enzyme

The catalyzing activity of r-msAdhl was assayed spectrophotometrically by measuring the
increase in absorbance at 340 nm, following the reduction of NAD* to NADH. Briefly, 1 mL
of reaction buffer; Tris-HCI 100 mM pH 8.3 containing 0.08 mL ethanol and 2 mM NAD"
were incubated at 25 °C, and the reaction was initiated by adding 0.02 mL of crude extract

msAdhl (Bergmeyer, 1983). The rate of increase at As4o in the first 15 minutes was recorded.
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3.2 Results and Discussion

3.2.1 Construction of pET-41a(+)/r-msAdhl

3.2.1.1 Verification of pET-41a(+)/r-msAdhl

The pET-41a(+)/r-msAdhl construct from Miew (2011), was verified via polymerase chain
reaction (PCR) utilizing specific r-msAdhl cDNA primers; Adhmor8-F and Adhmor8-R. The
PCR produced approximately 650 bp of fragment on 1 % agarose gel electrophoresis and the

photograph of agarose gel electrophoresis is shown in Figure 5.

700 bp

600 bp ~ 650 kb

Figure 5: Gel electrophoresis of PCR product visualized on 1 % agarose gel stained with ethidium
bromide (EtBr). The PCR product is partial r-msAdhl cDNA fragment that amplified using
the Adhmor8-F and Adhmor8-R primers combination. Lane 1: GeneRuler™ 100 bp DNA
Ladder (Fermentas, Lithuania), Lane 1-4: PCR product, Lane 5: Negative control.

The result indicates that plasmid extracted from bacterial glycerol stock is containing
r-msAdhl cDNA. To further verify the nucleotide sequence, purified plasmid was sequenced

(1%t Base Sdn Bhd, Malaysia). The different fragments resulted from sequencing were

assembled by using overlapping consensus sequence. The full length of r-msAdhl cDNA with

size approximately of 1.441 kb in pET-41a(+) is shown in Figure 6.

29



T7 Promoter Lac operator

[
pET-41a(+ymsAdht A ATT AAT ACG ACT CAC TAT AGG GGA ATT GTG AGC GGA TAA CAA TT
| Xbal

pET-41a(+)msAdh1 € CCC T|CT AGA AAT AAT TTT GTT TAA CTT TAA GAA GGA GAT ATA CA

100 120

pET-41a(+)msAdht T ATG GCA AGC AGT GTT GGT CAA GTG ATC AGA TGC AGA GCG GCG GT

140 160 180

pET-41a(+)msAdh1 € TCA TGG GAG GCC GGG AAG CCG CTG GTG ATG GAG GAG GTC GAG GT

200 220

] ]
pET-d41a(+)/msAdh1 T GCG GGG GGG CAG GGG ATG GAG GTT GGG ATG AAG ATG CTT TAT AG
240 280

pET-d41a(+))msAdh1t T TGG GTG TGG CAG AGT GAT GTC TAC TTGC TGG GAA GGT AAG GGG GA

pET-41a(+)/msAdht G ACT CCT GTC TTT CCT CGG ATC TTT GGC CAT GAA GCT GGA GGG AT

] |
pET-41a(+)/msAdht T ATA GAG AGT GTT GGG GAG GGT GTG ACT GAA CTT GCA CCA
380 400

1 1
pET-41a(+)/msAdht € CAT GTC CTC CCT ATA TTC ACT GGA GAA TGC AAA GAG TGT GCT CA

pET-41a(+)/msAdht C TGT AAG TCC GAG GAG AGC AAC ATG TGT GAT CTC CTC AGG ATA AA
1 |
pET-41a(+)/msAdh1 € ACG GAT CGG GGA GTG ATG ATC AAT GAT GGG AAA TCG AGG TTC AC

pET-41a(+)/msAdht T ATC AAT GGA AAG CCC ATT TAC CAT TTC CTA GGA ACA TCC ACT TT

560 580
| ]
pET-41a(+)/msAdh1 € AGC GAG TAC ACC GTT GTC CAT GTT GGC TGT GTT GCC AAG ATC AA

pET-41a(+)fmsAdht € GCC TTG GCT CCC CTT GAT AAA GTT TGT GTT CTT AGC TGT GGC AT

pET-41a(+)/fmsAdh1 T TCA ACA GG»lx TTT GGT GCG ACT GTT AAT GTT GGA AAA CCA CCA AA
800 o 720
pET-41a(+)msAdht G GGA TCG ACG GTG GCT GTT TTT GGC TTG GGA GCT GTA GGC CTT GC Start Codon
[ 70 700

| ]
pET-41a(+)/fmsAdh1 T GCT_GCA|GAA GGT GCT AGA GCT TCA GGG GCA TCA AGA ATC ATT GG

Stop Codon

0 w0
1

pET-41a(+)msAdht T GTT GAT GTG AAC CCC AAG AGG TTT GAG GAA GCA ATG AAG TTC GG

il e Histidine

pET-d41a(+)fmsAdhi T TGG GCG GAG TTT GTG AAT GGA ATG GAGC GAT GAG AAG GCA GTG GA

] I
pET-41a(+)fmsAdh1 A GAG GTG ATT GCT GAG ATG ACA AAT GGT GGA GTT GAT CGA AGC GT
o oo

|
pET-41a(+)fmsAdhi T GAA TGC ACT GGC AAC ATA AAT GCC ATG AT|A TCT GCA TTC GAA TG

pET-41a(+)fmsAdht T GTC CAT GAT GGC Tll.;G GGT GTT GCT GTA CTG GTT l!.:GG GTG CCT CcA
1,000 1,020

pET-41a(+)msAdhi € AAA GAA GCT GAG TTC AAA ACC CAC CCT ATG AAC TTC CTT AAC GA

1,040 1,080 1,080

pET-41a(+)msAdhi A AGA ACT CTT AAG GGA ACC TTC TTT GGG AAC TAT AAA CCG CGC TC

j==0 1,100 1120
I I
pET-d41a(+)fmsAdhi T GAG ATT GGCI_GGA|GTT GTT GAG AAG TAC ATG AAG AAG GAG GTA GA
1,140 1,180
1

pET-41a(+)/msAdhi A TTG GAG AAG TTC ATC ACC CAC AGT GTG CCT TTGC TCT GAG ATC AA

| 1
pET-41a(+)/msAdhi € AAG GCC TTT GGC TAC ATG CTC AAG GGG GAG AGC CTT AGG TGGC AT
1220 1,240 1,260

PET-41a(+))msAdh1 C ATT CAC ATG GAT GGT TAG| AGC AGG CTT ACA CCT GTC TGA| cec cAI\
1.280 1,300
pET-41a(+)/msAdht C TCT GAA GAG AAA GAA ACT CAT TAC AAG TTA AAG CAT GGC CTT TG
1.320 1,390
pET-41a(+))/msAdht T CAT GTC CAT CTT AGC CTT CCC TTG CGT TTA TGA ATA AAA AAA GG
1360 1.380
pET-41a(+)/msAdh1 C TGC TGA GY1|' [TGA cTG [TGA GAT AGA TGG G1|'C CAG TCC TTA TCC TT

1400 1420 t40
1 1 1
pET-41a(+)/msAdh1t T CTG CTA GTT GAA AAA TAA ATT GTG TTT AAA AAA AAA AAA AAA AA
1480 1420
1 1

pET-41a(+))/msAdh1 A C[TC_GAG CAC CAC CAC CAC CAC CAC CAC CAC TAA TTG ATT AAT AC

1.500
pET-41a(+)/msAdht C TAG GCT GCT AAA CAA AGC CCC GAA AGG AAG

Figure 6: Figure showed the r-msAdhl cDNA sequence with seven stop codons highlighted in red.
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Based on cDNA r-msAdh1 sequence (Figure 6), it can be seen that methionine (start codon) in
r-msAdhl sequence is located after a few nucleotides of ribosomal binding site in pET-41a(+).
Downstream of the sequence, seven stop codons was identified (highlighted in red) prior to the
his-tag sequence (highlighted in purple). This created a problem because the his-tag sequence
is required for r-msAdhl protein purification; therefore the stop codons were removed from
the r-msAdhl cDNA sequence by PCR using 5’Ndel adaptor and 3’Xhol r-msAdhl primers

combination.

3.2.1.2 Directional cloning of PCR product using 5°’Ndel_adaptor and 3°Xhol_r-msAdhl
specific primers to produce non-stop r-msAdhl cDNA

The use of primers combination; 3°Xhol r-msAdhl and 5’Ndel adaptor in PCR to amplify
non-stop r-msAdhl cDNA resulted amplification of approximately 1.147 kb fragment on 1 %
agarose gel electrophoresis. The amplified r-msAdhl cDNA fragment containing endonuclease
restriction sites (Ndel and Xhol) on 5° and 3’ respectively. The photograph of agarose gel

electrophoresis is shown in Figure 7.
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15kb

1.0kb ~1.147 kb

Figure 7 : Gel electrophoresis of PCR product visualized on 1 % agarose gel stained with EtBr. The
PCR product is the full length of r-msAdhl cDNA fragment that amplified using the
3’Xhol_r-msAdhl and 5’Ndel adaptor primers combination. Lane M: GeneRuler™ 1 kb
DNA Ladder (Fermentas, Lithuania), Lane 1, 2 and 4: PCR products, Lane 3: Negative
control.

The purified PCR product subsequently digested using restriction enzymes; Ndel (Fermentas,
Lithuania) and Xhol (Fermentas, Lithuania). The pET-41a(+) vector was also digested using
the same restriction enzyme as well. The excision of the vector using Ndel together with Xhol
in orange buffer for three hours was sufficient to digest the vector. After that, the r-msAdhl
cDNA fragment was ligated into pET-41a(+) using T4 DNA Ligase (Fermentas, Lithuania).

For the purpose of cloning, the ligation mixture was transformed into E. coli strain XL-1 Blue.

3.2.1.3 Plasmid extraction

Plasmids were successfully extracted from bacterial culture, as indicated by the two bands on
the agarose gel (Figure 8). The two bands corresponded to the different migration patterns of
the two forms of plasmid; supercoiled plasmid and nicked circular plasmid. Five microliters of
isolated plasmid, pET-41a(+)/Empty (control) and pET-41a(+)/r-msAdhl respectively were

loaded into agarose gel.
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pET-41a(+) pET-41a(+)/r-msAdhl

10 kb

6 kb

5kb

Figure 8: Gel electrophoresis result of plasmid extraction. Lane M: GeneRuler™ 1 kb DNA Ladder
(Fermentas, Lithuania), Lane 1 and 2: Isolated plasmid, pET-41a(+)/Empty, Lane 3 and 4:
Isolated plasmid, pET-41a(+)/r-msAdhl.

3.2.1.4 Verification of pET-4la(+)/r-msAdhl reading frame via restriction enzyme
digestion analysis and nucleotide sequencing.

Figure 9 showed the photograph of gel electrophoresis for restriction digestions of both
plasmid; pET-41a(+)/Empty and pET-4la(+)/r-msAdhl to prove the inclusion of r-msAdhl
cDNA in pET vector. Single digestion using Ndel only cut the supercoiled plasmid; pET-
41a(+)/r-msAdhl and pET-4la(+)/Empty at only one site, thus converting the supercoiled
plasmid into a linear form with size approximately of 6.153 kb (Lane 4) and 5.933 kb (Lane
2), respectively. This step was conducted to estimate the exact molecular weight of both

plasmids.
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Figure 9: Restriction enzyme analysis of pET-4la(+)/r-msAdhl visualized on 1% of agarose gel
stained with EtBr. Lane M: GeneRuler™ 1 kb DNA Ladder (Fermentas, Lithuania). Lane
1: Uncut supercoiled pET-41a(+)/Empty, Lane 2: Linearized pET-41la(+)/Empty — 5.933
kb, Lane 3: Uncut supercoiled pET-41a(+)/r-msAdhl , Lane 4: Linearized pET-4la(+)/r-
msAdhl — 6.153 kb, Lane 5: Double digestion of pET-41a(+)/r-msAdhl using Ndel and
Xho1l- 5.013 kb, 1.147 kb.

Meanwhile, double digestion of pET-4la(+)/r-msAdhl using Ndel and Xhol had cut this
plasmid at two sites (Lane 5). Result from gel electrophoresis of the restriction digestion
showed that the sizes of the restricted fragments corresponded to the expected sizes calculated
from plasmid restriction maps; 5.013 kb (pET vector) and 1.147 kb (r-msAdhl cDNA). The
results confirmed that the sizes of the restricted fragments are approximately the same to the
predicted sizes.

DNA sequencing also was performed using several different primers to ensure that r-
msAdhl was successfully cloned in correct orientation into pET-41a(+) vector. The result was
assembled by using overlapping consensus sequence. The junction of nucleotide sequence of

r-msAdhl in pET-41a(+) vector is illustrated in graphical as shown in Figure 10.
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Ndel r-msAdhl Xhol

) A {_A_\ 8x Histidine codons
5’-~GGAGATATA0_TCGAG_

TAA.....3’

Figure 10: The junction of nucleotide sequence of r-msAdhl cDNA in pET-41a(+) vector. Graphic
showing the r-msAdhl sequence (in red box) located between Ndel and Xhol restriction
site in pET-41a(+). Eight histidine codons (in orange box) are located before stop codon

(TAA).

The r-msAdhl sequence analysis using CLC Sequence Viewer (version 6.9.1) has
generated 380 amino acids. Meanwhile, the standard protein BLASTp (NCBI) has identified

the amino acids as Adh gene from plant (Figure 11).
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Figure 11: Analysis of r-msAdhl cDNA using standard protein blast (NCBI). The r-msAdhl cDNA of
approximately 1.147 kb corresponded to the 380 amino acids and identified as Adh gene

from plant.
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3.2.1.5 Transformation of pET-41a(+)/r-msAdhl into E. coli strain BL21 (DE3)

Both plasmid; pET-41a(+)/Empty (control) and pET-41a(+)/r-msAdhl were transformed into
E. coli strain BL21 (DE3). Compared to the XL-1 Blue, BL21 (DE3) transformed colonies
have big morphology and the number of transformant is less even though the concentration of
cells and DNA used for heat shocked transformation is same (Figure 12). BL21 (DE3) is not
recommended as host for primary cloning or ligation because it is naturally lack of Dcm,

therefore its endonuclease 1 activity may degrade plasmid after isolation (NEB UK

Expression, 2012).

Figure 12: Transformant selection on Luria agar (LA) plates supplemented with 100 pg/mL of
kanamycin. Plate A: Colonies BL21 (DE3) harbouring pET-4la(+)/Empty, Plate B:
Colonies BL21 (DE3) harbouring pET-41a(+)/r-msAdhl. Plate C: Colonies XL-1 Blue

harbouring pET-41a (+)/Empty, Plate D: Colonies XL-1 Blue harbouring pET-41a(+)/r-
msAdh1l.
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3.2.2 Preliminary analysis of the expression of r-msAdhl cDNA in BL21 (DE3

The general practice in lab is to make starting culture by growing an overnight culture using a
rich medium, such as LB, at 37 °C and using 1 mM IPTG for induction. However, in case of
expression of r-msAdhl cDNA in BL21 (DE3), no distinct or extra band was seen in total
protein lysate when visualized on 12 % SDS PAGE; indicating that r-msAdhl cDNA could not
express under this condition. Because many researchers have recommended using a freshly
transformed colony to prepare a starter culture, therefore, in this study; the expression of r-
msAdhl cDNA in BL21 (DE3) using a freshly transformed colony and low concentration of
IPTG (0.4 mM) was attempted.

Nevertheless, for high level of protein production, it is important to optimize
expression conditions, such as temperature and the time after IPTG-induction
(Sivashanmugam et al., 2009). Therefore, time courses and temperature optimizations were
carried out. The level of expression was checked by resuspending the cells pellet in sample
buffer and heating at 95 °C for 5 minutes. The total protein then analysed on 12 % SDS PAGE

(Figure 13).
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Figure 13: Total protein of uninduced (Lane 1) and induced culture (Lane 2-5) of BL21 (DE3) with r-
msAdhl expression visualized on 12 % SDS- PAGE stained with commassie blue. The
expected r-msAdhl protein band is shown by white arrow. Lane M: EZ Run Pre-stained
Rec Protein Ladder. Lane 6-10: BL21 (DE3) with pET-41a(+)/Empty expression (control).

Figure 13 showed the total protein of BL21(DE3) with r-msAdhl expression visualized on 12
% SDS-PAGE. The concentration of total protein loaded in each land is standardized, so that
the r-msAdhl expression could be analysed on the stained gel by identify for any increase in
the protein band intensity compared to the control.

Based on the figure 13, it can be seen that a distinct band with moderate intensity at
molecular weight around 43 kD - 48 kD was observed in Lane 2 and 4 (showed by white
arrow). Wee and Roslan (2012) reported that the r-msAdhl protein size is almost similar to
the 380 deduced amino acid of Adh1 gene from, Zea mays, Oryza sativa, Mus musculus, Homo
sapiens, Saccharomyces cerevisiae and Bacillus cereus which is the same to the expected r-

msAdh1l protein band size produced on SDS-PAGE in Figure 13 above. Even though the same



band size was identified in the control (Lane 6-10), the band intensity is much consistent at
any temperature and time after IPTG induction, therefore it is highly likely it is an E. coli
cellular protein. Due to this, the presence of the r-msAdh1l band is quite difficult to accurately
distinguish through SDS PAGE alone as r-msAdhl band might be masked by other cellular

protein.

3.2.3 Determination of r-msAdh1 protein solubility

Before proceed to the downstream application such as protein purification and enzyme assay,
it is important to determine the solubility of r-msAdhl protein. Figure 14a and 14b showed
the crude lysate in microcentrifuge tube after cells pellet being lysed using lysis buffer for
purification of r-msAdh1 protein under native condition. The volume of sample buffer used to
lyse the cells pellet is in accordance to cells culture density (ODazso: 0.6 = 75 pL of NP10 lysis
buffer), thus the total protein concentration can be standardized.

Based on figure 14a, it can be clearly seen that crude lysate of BL21 (DE3) with an
empty pET-41a(+) expression appeared translucent after lysis upon induction. Vice versa with
crude lysate from BL21 (DE3) expressing r-msAdhl cDNA, only uninduced lysate appears
translucent, while others appeared cloudy even after the addition of extra volume of lysis
buffer. The crude lysate became cloudier as induction temperature was increased to 27 °C
(Figure 14b).

When the crude lysate was centrifuged, the fractions separated as a clear supernatant
(soluble fraction) and yellowish pellet (insoluble fraction) at the bottom of the centrifuge tube.
To further investigate the insoluble fraction, it was resuspended using NP10 lysis buffer and

analysed on SDS-PAGE. The result is shown in Figure 15.
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a) Crude lysate of BL21 (DE3)
with pET-41a(+)/Empty
expression (control).

b) Crude lysate of BL21 (DE3)
with pET-41a(+)/r-msAdhl
expression.

Figure 14: Crude lysate from 1.5 mL culture of BL21 (DE3) (a) from pET-41a(+)/Empty expression
(contral), (b) from pET-41a(+)/r-msAdhl expression. Tube A: Crude lysate of uninduced
culture, Tube B: Crude lysate of induced culture (4 hours induction at 15 °C), Tube C:
Crude lysate of induced culture (6 hours induction at 15 °C) Tube D: Crude lysate of
induced culture (4 hours induction at 27 °C) Tube E: Crude lysate of induced culture (6
hours induction at 27 °C).
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Figure 15: Soluble and insoluble fraction of BL21 (DE3) with pET-41a(+)/r-msAdhl expression and
BL21 (DE3) with pET-41a(+)/Empty expression (control) were visualized on 12 % SDS
PAGE stained with commassie blue. Lane M: EZ Run Pre-stained Rec Protein Ladder.
White arrow shows the expected soluble r-msAdhl protein band, meanwhile black arrow
shows the expected insoluble r-msAdh1 protein band.

Stained gels were analysed for any increased solubility of the target protein; this was judged
by increase in the protein band intensity on the SDS-PAGE gel. Based on Figure 15, it can be
seen that the intensity of expected r-msAdh1 band is more in Lane 2 and 4. Lane 2 and 4 are
soluble fraction from BL21 (DE3) with pET-41a(+)/r-msAdhl expression that was induced at
15 °C, T: 4 hours and 27 °C, T: 4 hours, respectively. This indicates that BL21 (DE3) grown
at lower temperature was able to improve the solubility of r-msAdhl protein. Expression at
low temperature conditions leads to an increase of stability and correct folding patterns due to
the fact that hydrophobic interactions determining inclusion body formation are temperature
dependent (Lakshmi et al., 2014). Sgrensen and Mortensen (2005) also reported that this

strategy has proven effective in improving the solubility of a number of difficult proteins.
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Meanwhile, as seen in Figure 15 at lane 6-9, bands with very high intensity can clearly be
differentiated from control (pET-41a(+)/Empty), and these bands correspond to the r-msAdhl
band size that are seen in the soluble fraction. This indicated that a large amount of r-msAdhl
protein produced were actually present in insoluble fraction. The expected r-msAdhl band
become more intense as the induction temperature was increased to 27 °C and time after

induction continued to 6 hours.

Due to the phenomenon observed, two suggestions offered to explain it:

1. The r-msAdhl protein expressed in BL21 (DE3) formed aggregates called inclusion
bodies in BL21 (DE3). The inclusion body formation is common when proteins are
overexpressed (Fink, 1998) and many recombinant proteins when overexpressed
become insoluble because of misfolding (Trimpin and Brizzard, 2009). According to
Dyson et al. (2004), protein misfolding occurs when the translation rate exceeds the
rate of protein folding. When this happens, in vivo equilibrium favours protein

aggregation, rather than solubilization (Sorensen and Mortensen, 2005).

2. The soluble r-msAdhl protein formed aggregation after cells lysis. Leibly et al. (2012)
hypothesized that a significant fraction of proteins are not found in inclusion bodies
but rather are expressed as soluble proteins in E. coli and aggregates after cell lysis. In
addition, in silico characterization has shown r-msAdhl protein to be hydrophobic,
GRAVY value = 0.006 (Appendix F). But GRAVY simply calculates overall
hydrophobicity of the linear polypeptide sequence with increasing positive score

indicating greater hydrophobicity, but no account is taken of the way the protein folds
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in three dimensions or the percentage of residues buried in the hydrophobic core of the

protein (Dyson et al., 2004).

3.2.4 Protein purification using NI-NTA Spin Column under native conditions from E.
coli lysates.

Purification of r-msAdhl using NI-NTA Spin Column was partially successful. The r-
msAdhl was able to bind to the resin (Figure 16, lane 2, shown by black arrow), but only
partial purity was achieved as several contaminant bands were also eluted from purification
column (lane 3 and 4). The purification of native protein is challenging as the potential for
unrelated, non-tagged proteins to interact with the Ni-NTA resin is usually higher under native

than under denaturing conditions (QIAEXxpressionist, 2003).
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Figure 16: Purification of r-msAdhl proteins under native conditions using Ni-NTA Spin Columns
from E. coli cell lysates derived from 20 mL LB cultures. Lane M: EZ Run Pre-stained Rec
Protein Ladder, Lane 1: Clear lysate, Lane 2: Binding, Lane 3: First elution using 500 mM
imidazole, Lane 4: Second elution using 500 mM imidazole. Expected r-msAdhl protein
band shown by black arrow.
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3.2.5 Enzymatic assay of ADH enzyme

The activity of r-msAdhl was assayed using UV spectrophotometry for 15 minutes. Soluble
fraction of BL21 (DE3) with r-msAdhl expression obtained from section 3.2.3 was used for
the assay.

As shown in Figure 17, the ADH enzyme breaks down the ethanol to acetaldehyde in
the presence of NAD* as a coenzyme to be reacted. Because reduced NAD (NADH) exhibits
strong UV absorption at 340 nm while the oxidized form has virtually no absorption at this
wavelength, therefore, the catalytic reaction of r-msAdhl was followed by monitoring the

increase in absorbance at 340 nm (Refer to Appendix G).

Alcohol deh
Ethanol +B-NAD cohol dehydrogenase -ctaldehyde + B-NADH

Figure 17: The catalytic reaction of ADH

44



According to the Lambert-Beer law, the extinction of NAD™ is proportional to ADH enzyme
concentration. Therefore, the change in concentration of NAD* over time will allow the
calculation of the activity of alcohol dehydrogenase in the solution, using the following unit
definition for alcohol dehydrogenase: one unit will convert 1.0 pumole of ethanol to
acetaldehyde per minute at pH 8.8 at 25 °C. Therefore, one unit will also convert 1.0 umole of
NAD"to NADH per minute. By follow this principle, amount of units of r-msAdhl enzyme
present in cell lysate can be estimated using the formula below. The data obtained presented

in Table 10.

Units/ml enzyme = (0Azaonm/min Test - _ Azsonm/min Blank) (1.0) (df)

(6.22) (V)

1.0 = Total volume (in mL) of assay

df = Dilution factor

6.22 = Millimolar extinction coefficient of B-NADH at 340nm
V = Volume (in mL) of enzyme used
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Table 10: ADH enzyme activity (Units/mL) obtained from (A) soluble fraction of BL21 (DE3)
transformed with pET-4la(+)/Empty and (B) soluble fraction of BL21 (DE3) with r-
msAdh1 expression.

Enzyme activity

Time/minute (Units/mL)
A B
1 0.193 0.273
2 0.213 0.334
3 0.265 0.418
4 0.346 0.474
5 0.362 0.502
6 0.398 0.587
7 0.438 0.647
8 0.466 0.655
9 0.510 0.683
10 0.498 0.703
11 0.543 0.744
12 0.607 0.816
13 0.651 0.884
14 0.671 0.904
15 0.736 0.965
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Enyzme activity (Units/mL)

1.2
1 B: Soluble fraction of
BL21 (DE3) with r-
msAdhl expression
0.8
A: Control
B
0.6
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Graph 1: Graph showed catalytic activity of ADH enzyme present in soluble fraction of BL21 (DE3)
with r-msAdhl expression and BL21 (DE3) with pET-41a(+)/Empty expression (control).

The data obtained in Table 10 is illustrated in Graph 1 as shown above. Based on the result,
catalytic activity of ADH enzyme was detected not only in soluble fraction of BL21 (DE3)
with r-msAdhl expression but also in soluble fraction of BL21 (DE3) with pET-4la(+)
expression (control). The catalytic activity of ADH enzyme that present in control is expected
because endogenous ADH3 with molecular weight approximately 39 kD is known to be
present in cellular BL21 (DE3) (Retrieved on:
http://www.ncbi.nlm.nih.gov/protein/YP_003052980.1).

Nevertheless, the activity of r-msAdhl enzyme can be differentiated from E. coli
ADH3 as it consistently showed higher absorbance over time as NADH formed (Appendix L).
This is proven by statistical analysis using  Student's  Paired  t-test

(http://www.physics.csbsju.edu/cgi-bin/stats/Paired_t-test) (Appendix H). A p-value of 0.000

< 0.05 indicates there was significant difference between the catalytic activity of ADH
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enzyme present in soluble fraction of BL21 (DE3) with r-msAdhl expression and BL21 (DE3)

transformed with empty pET-41a(+) vector (control).

3.3 Conclusion

First objective of this study was successfully achieved. The open reading frame (ORF) of
recombinant alcohol dehydrogenase cDNA from sago palm denominated as r-msAdhl cDNA
has been successfully cloned into the expression vector; pET-41a(+) and expressed in E. coli
strain BL21 (DE3). Verification using restriction enzyme analysis and nucleotide sequencing
confirmed correct r-msAdhl ORF fusion to the C-terminal 8xHistag of pET-41a(+).

Second objective is to express the r-msAdhl cDNA in E. coli strain BL21 (DE3).
Protein quantification using SDS-PAGE analysis revealed that a moderate amount of soluble
r-msAdhl protein band obtained when r-msAdhl cDNA was induced using 0.4 mM IPTG and
low induction temperature condition (27 °C and 15 °C) for 4 hours incubation period.
Meanwhile, third objective is partially achieved as purification of r-msAdhl protein using NI-
NTA Spin column is co-purified with E. coli cellular protein. However, the changes of
absorbance at wavelength 340 nm indicated that r-msAdhl cDNA expressed in BL21 (DE3)
has the ability to reduce NAD" to NADH; thus proving that r-msAdhl cDNA expressed in
BL21 (DE3) can produces functional r-msAdhl enzyme.

Nevertheless, the amount of soluble protein obtained was poor as large portion of
expressed protein present in insoluble fraction. This might be due to the hydrophobicity of the
r-msAdhl protein (GRAVY: 0.006) and/or the expressed protein formed aggregation known
as inclusion bodies. The SDS-PAGE analysis revealed that the solubility of r-msAdhl protein

did not much increase even when the expression temperature reduced to 15 °C. In fact, the
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intensity of insoluble protein band appeared thicker when time after induction was continued
to 6 hours and expression temperature increased to room temperature; thereby indicating that
formation of inclusion bodies is temperature dependent. From these findings, it can be
concluded that expression of eukaryote protein in E. coli is challenging because it is
prokaryotic based system which has several advantages: (1) inability to carry out post-
translational modification and disulfide bond formation, (2) expressed protein formed
aggregation known as inclusion bodies due to the protein misfolding, (3) instability of mMRNA
and (4) codon bias.

However, since most of genes can be expressed in many different systems, it is
important to determine which system offers the most efficient for the production of the
recombinant protein. Expressing the eukaryote gene in plant host is promising since this
system offers several advantages over prokaryotic system such as the ability to synthesis of
large and complex protein compound while retaining the recombinant protein activities (post-
translational modifications). The ideal expression system would be the one that can produces
safe and biologically active desired product at the lowest cost. For these reasons, expression of

r-msAdhl cDNA in plant system was studied and the result is discussed in chapter 4.

3.4 Future Research
Even though the expression of eukaryote gene in prokaryote system encounters many
difficulties; it could promise large production of eukaryote protein in short time by adjusting
the parameters that govern efficient expression of r-msAdhl in E. coli such as inducer
concentration, temperature and changing the bacterial strain.

Since large amount of r-msAdhl can be obtained in inclusion bodies, therefore
purification under fully denaturing condition using Ni-NTA Spin Column is suggested. After
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purifying the inclusion body by dissolving in a protein denaturant or by various concentrations
of chaotropic agents such as urea or guanidinium hydrochloride then it can be refolded into its
native structure (Yamaguchi and Miyazaki, 2014). Inclusion body proteins that are
solubilizing under mild denaturing condition are better in refolding yields and retaining its
biological activities (Sahdev et al., 2008). On the other hand, highly efficient production of
soluble proteins from insoluble inclusion bodies has been reported by Yang et al. (2011) by
using two-step-denaturing and refolding method. Meanwhile, if r-msAdhl protein tends to
precipitate in lysis buffer, this protein would appear in the soluble fraction if the cell lysis
buffer conditions were adjusted, whether by pH, ionic strength or presence of an additive

(Leibly et al., 2012).
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CHAPTER FOUR

CONSTRUCTION OF RECOMBINANT ALCOHOL DEHYDROGENASE 1 (r-

msAdhl) INTO BINARY VECTOR AND EXPRESSION IN PLANT SYSTEM

4.0 Overview

In the previous chapter, expression of r-msAdhl cDNA in the prokaryote system; E. coli had
been discussed. Meanwhile, this chapter will focus on expression of r-msAdhl cDNA in plant
system. Amongst several plants use for genetic transformation for variety of purposes, tomato
is one of the plants that have been extensively and widely used. This is because, tomato has a
relatively small diploid genome; 12 chromosomes (Hasan et al., 2008) with hundreds of
mapped traits and comprised more than 1000 molecular marker (Tanksley, 1993) and it is
transformable (McCormick et al., 1986). In this study, the transformation using
Agrobacterium tumefaciens (A. tumefaciens) has been chosen for introduction of r-msAdhl
cDNA in tomato genome because of its simplicity and efficiency (Somayaji et al., 2014). To
achieve the goal, the r-msAdhl was firstly cloned into the binary vector, pGSA1131 that is
driven by CAMV 35S promoter. Then, the newly construct; pGSA1131/r-msAdhl was
transformed into A. tumefaciens strain LBA4404 and subsequently used for the in planta
tomato seeds transformation. The integration of r-msAdhl cDNA in transformed plant was

confirmed by PCR. The objectives of this chapter are includes;

1. To construct a binary vector that contains r-msAdhl cDNA.
2. To transform Lycopersicum esculentum cultivar MT1 with the binary vector.

3. To analyse the integration and expression of r-msAdhl in transgenic tomato.
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The workflow is briefly illustrated in Figure 18 below.

e 3\

Construction of recombinant plasmid,
pGSA1131/r-msAdhl

Verification of the construct

Transformation of
pGSA1131/r-msAdhl into
Agrobacterium tumafacien, strain
LBA4404 by electroporation

Agrobacterium tumefacien-mediated
in planta seed transformation

Analysis of transgene integration in
transformed plants

Analysis of transgene expression by
Reverse Transcriptase Polymerase
Chain Reaction (RT-PCR)

Figure 18: Workflow for construction of r-msAdhl in binary vector and their expression in plant
system.
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4.1 Materials and Methods

4.1.1 Construction of r-msAdhl cDNA in the binary vector; pGSA1131

4.1.1.1 Directional cloning of r-msAdh1 using specific primers

The sago palm r-msAdhl ¢cDNA was modified by specific PCR amplification primers to
introduce a 5> Ndel site at the translational start codon, and a 3’ BamHlI site at the stop codon.
The forward and reverse primers used for the PCR amplifications were the following:
5 Ncol_msAdhl (5’-GGAATTCCATGGCAAGCAGTGTTGGTCAA-3) and
3 BamHI msAdhl (5’-ACCAAGGATCCTTAGTGGTGGTGGTG-3"). The PCR reaction
profile used is shown in Table 11. Meanwhile the composition of the PCR reaction mixture is

shown in Table 12.

Table 11: The PCR reaction profile to generate the full length of r-msAdhl cDNA. PCR was
undertaken using the 5 Ncol msAdhl and 3> BamHI_msAdh1 primers combination

Segment Tem?oecl:r;;\ture Duration Number of cycles
Initial denature 94 3m 1x
Denaturation 94 30s

Annealing 64 1m 35x
Elongation 72 1m30s

Initial denature 72 10 m 1x
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Table 12: The composition of 1X PCR mixture to generate the full length of r-msAdhl cDNA using
the 5 Ncol msAdhl and 3’ BamHI_msAdhl primers combination

Reagents 1X (uL)
10x High Fidelity buffer with 15mM MgCl> 2.5
dNTP (2.5 mM) 2.5
5_Ncol_msAdh1 (10 pM) 1

3’ BamHI msAdh1(10 pM) 1
Plasmid pET-41a(+)/r-msAdhl (1.0 pg/pL) 0.5
High Fidelity enzyme (0.625 U/uL) 1
Nuclease-free water 16
Total reaction 25

Next, the PCR product was purified using the PCR Cleanup Kit (Vivantis, USA) and
subsequently digested with BamHI (Fermentas, Lithuania) restriction enzyme for 5 hours at 37
°C. The composition for the reaction is shown in Table 13. Thermal inactivation was done at
80 °C for 20 minutes. After the digestion, r-msAdhl cDNA was purified from the digestion
mixture using the PCR Cleanup Kit (Vivantis, USA).

The purified r-msAdhl then subjected to the Ncol (Fermentas, Lithuania) restriction
enzyme digestion using composition as shown in Table 14 for 5 hours at 37 °C and thermal
inactivation was done for 20 minutes at 65 °C. After that, the r-msAdhl cDNA purified using

PCR Clean-up Kit (Vivantis, USA) and kept in - 20 °C.
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Table 13: The composition of restriction enzyme digestion to produce 3’ of BamHI-sticky ended of r-

Table 14:

msAdh1 fragment. The mixture was prepared triplicates.

Reagents Volume (uL)
Purified r-msAdhl fragment (1.0 pg/pL) 14
Buffer BamHI (10X) 2
BamHI (10 U/pL) 4
Total reaction 20

The composition of restriction enzyme digestion to produce r-msAdhl fragment with 5’
Ncol-sticky ended. The mixture was prepared triplicates.

Reagents Volume (uL)
Purified r-msAdhl fragment (0.5 pg/pL) 14
Tango buffer (10X) 2
Ncol (10 U/pL) 4
Total reaction 20

Meanwhile, isolation of the binary vector; pGSA1131 was done using GF-1 Plasmid DNA

Extraction Kit (Vivantis, USA) and subsequently subjected to BamHI (Fermentas, Lithuania)

restriction enzyme digestion using composition shown in Table 15 for 8 hours at 37 °C.

Thermal inactivation was done at 80 °C. The linearized pGSA1131 then purified using PCR-

Clean up Kit (Vivantis, USA).

Table 15:

The composition of restriction enzyme digestion to produce pGSA1131 with 3 BamHI-
sticky ended. The mixture was prepared triplicates.

Reagents Volume (uL)
Extracted plasmid DNA, pGSA1131 (1.0 pg/pL) 14
Buffer BamHI (10X) 2
BamHI (10 U/pL) 4
Total reaction 20
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Next, purified linearized pGSA1131 was subjected to digestion of Ncol (Fermentas,
Lithuania) restriction enzyme using composition as shown in Table 16 for overnight period at

37 °C. Thermal inactivation was done at 65 °C for 20 minutes.

Table 16: The composition of restriction enzyme digestion to produce pGSA1131 fragment with 5’
Ncol-sticky ended. The mixture was prepared triplicates.

Reagents Volume (uL)
Linearized pGSA1131 (0.5 pg/uL) 14
Tango buffer (10X) 2.5
Ncol (10 U/pL) 4
Nuclease-free water 4.5
Total reaction 25

After that, the fragments were separated by running an agarose gel electrophoresis at 100 V
with the expected band sizes of approximately 395 bp and 8.999 kb. The desired fragment
(~ 8.999 kb) was extracted from the gel using GF-Gel Recovery Kit (Vivantis, USA).
Subsequently, the r-msAdhl fragments that recovered by Ndel/BamHI digestion was ligated
into the Ndel/BamHI restricted vector pGSA1131 using T4 DNA Ligase (Fermentas,

Lithuania) with incubation at 22 °C for 2 hours using composition shown in Table 17.

Table 17: The composition of ligation mixture to clone r-msAdhl into the binary vector, pGSA1131

Reagents Volume (uL)
Linearized vector pGSA1131 (0.5 pg/pL)

Insert (Purified r-msAdh1 fragment) (0.5 pg/pL)
T4 DNA Ligase Buffer (10X)

T4 Ligase (1 weiss U/uL).

Nuclease-free water

Total reaction 20

w = N O o
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Next, competent E. coli strain XL1-Blue cells were transformed with the ligation mixture by
heat shocked method (section 3.1.3, Chapter 3). Subsequently, the transformation culture

spread on LA plates supplemented with 30 pg/mL chloramphenicol.

4.1.1.2 Plasmid isolation

A single colony was selected from transformation plate and inoculated into a 50 mL falcon
tube containing 10 mL of LB supplemented with 30 pg/mL chloramphenicol. The tube was
then cultured overnight at 37 °C with shaking at 150 rpm. Subsequently, 6 mL of overnight
culture was used for plasmid isolation using GeneMATRIX™ Plasmid Miniprep DNA

Purification Kit (Eurox, USA).

4.1.1.3 Verification of reading frame via PCR, restriction enzyme digestion analysis and
nucleotide sequencing

Verification of r-msAdhl nucleotide sequence in pGSA1131 was undertaken to ensure the
proper open reading frame. The verification was done via PCR using specific r-msAdhl
primers. The PCR reaction profile is shown in Table 18 and the composition of PCR mixture

is shown in Table 19.

Table 18: The PCR reaction profile to screen for the presence of r-msAdhl in the pGSA1131

Segment Temperature (°C) Duration  Number of cycles
Initial denature 94 3m 1x
Denaturation 94 30s

Annealing 62 30s 35X
Elongation 72 45s

Initial denature 72 5m 1x
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Table 19: The composition of 1X PCR mixture to screen for the presence of r-msAdhl in the
pGSAL1131. The PCR was undertaken using the 5 Ncol_msAdhl and 3_BamHI_msAdhl
primers combination.

Reagents 1X (uL)
2X Green Go-Taq Master Mix (Promega) 7.5

5 Ncol_msAdhl (10 uM)

3_BamHI_msAdhl (10 pM)

Extracted plasmid, pGSA1131/r-msAdhl (1.0 pug/uL) 1
Nuclease-free water 45
Total volume 15

Verification of the open reading frame of the new construct was also carried out by restriction
enzyme digestion analysis. Single and double digestions were performed using composition
shown in Table 20. The reaction mixture was incubated overnight at 37 °C. The fragments
were separated by running an agarose gel electrophoresis, 1 % at 100 V for 30 minutes with
expected sizes of approximately 8.999 kb and 1.174 kb for double digestion of pGSA1131/r-
msAdhl, approximately 10.173 kb for single digestion of pGSA1131/r-msAdhl and

approximately 9.394 kb for single digestion of pPGSA1131 (control).

58



Table 20: The composition of restriction enzyme digestion to verify the open reading frame of
pGSA1131/r-msAdhl. Single enzyme digestion was using Ncol, meanwhile double
enzyme digestion was using Ncol and BamHI.

Single digestion of Double digestion
Reagents pGSA1131/r-msAdhl and Of pGSA1131/r-msAdhl
pGSA1131 (uL) (uL)
Plasmid (1.0 pg/uL) 7 13
Tango Buffer (10X) 2 4
BamHI (10 U/uL) - 1.5
Ncol (10 U/uL) 1 1.5
Nuclease-free water - -
Total Volume 10 20

For further verification, the new construct also sent to First BASE Laboratories Sdn Bhd
(Selangor, Malaysia) for the nucleotide sequencing using two set of forward and reverse
primers as following:

5 Ncol msAdhl (5’-GGAATTCCATGGCAAGCAGTGTTGGTCAA-3),

3 BamH! msAdhl (5°-~ACCAAGGATCCTTAGTGGTGGTGGTG-3"),
Adhmor8_F (5’-CTAGAGCTTCAGGGGCATCA-3"),

5> msAdhl R (5~AACACAGCCAACATGGACAA-3").

4.1.2 Transformation of pGSA1131/r-msAdhl into tomato seeds

4.1.2.1 Preparation of A. tumefaciens strain LBA4404 electro-competent cells

Ten microliters of thawed frozen glycerol stock of A. tumefaciens strain LBA4404 (donated
by Evra Raunie Ibrahim from Craun Research Sdn Bhd, Sarawak, Malaysia) was streaked
onto LA plate supplemented with 100 pg/mL rifampicin and allowed to grow at room
temperature for 2-3 days. Then, a single colony was selected from streaking plate and
inoculated into a 50 mL falcon tube containing 10 mL LB supplemented with 100 pg/mL

rifampicin.
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The culture was then grown for 2 days at room temperature with shaking at 180 rpm. Next,
300 pL of culture was aliquot and inoculated into a 50 mL falcon tube containing 10 mL LB
supplemented with 100 pug/mL rifampicin. The tube was then incubated at room temperature
with shaking at 180 rpm to O.Dseo of 1.0. Upon reaching the desired density, cells were
pelleted by centrifugation at 3000 x g for 5 minutes at 4 °C. The broth was carefully poured
off and the cells pellet resuspended with 3 mL of sterilized, ice-cold 10 % glycerol. Next, the
resuspended cells were centrifuged at 3000 x g for 3 minutes at 4 °C and the supernatant
discarded. After that, the cells pellet was resuspended again with 1.5 mL ice-cold 10 %
glycerol and centrifuged at 3000 x g for 3 minutes at 4 °C. Lastly, the supernatant was
discarded and the cells pellet was resuspended with 1 mL ice-cold 10 % glycerol and stored at
-80 °C for long storage. The preparation of electro competent cell was followed as

recommended by BIORAD (USA) with minor modifications.

4.1.2.2 Transformation of pGSA1131/r-msAdhl into A. tumefaciens strain LBA4404 via
electroporation

A pre-cooled 1.5 mL microcentrifuge tube was added with 1.5 pL of recombinant plasmid,
pGSA1131/r-msAdhl and 50 pL A. tumefaciens competent cells. The cells-DNA mixture was
then transferred into a pre-chilled electroporation cuvette and gently tapped until the mixtures
settled evenly at the bottom. The cuvette was slide into the electroporation chamber and then
pulse once. After that, the cuvette was quickly removed and immediately added with 1 mL of
pre-warmed LB to transfer the cells from cuvette into a 1.5 mL microcentrifuge tube. Next,
the tube was incubated at room temperature, with gentle agitation at 100 rpm for overnight.

The following day, 100 pL of overnight culture was aliquot and spread onto LA supplemented
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with 100 pg/mL rifampicin and 30 pg/mL chloramphenicol. The transformation plate was

incubated at room temperature for 2-3 days.

4.1.2.3 Colony PCR

Three colonies were randomly selected from transformation plates and inoculated into a 50
mL falcon tube containing 10 mL LB supplemented with 100 pg/mL rifampicin and 30 pg/mL
chloramphenicol, respectively. All tubes then cultured for 2 days at room temperature with
shaking at 180 rpm. To quickly screen for the plasmid containing a desired insert directly from
the bacterial culture, 50 pL of two days culture was aliquoted and centrifuged at 3500 rpm.
After that, supernatant was discarded and cells pellet resuspended with 300 pL sterilized
distilled water. Subsequently, 1 pL of suspended cells was used as a template in colony PCR.
The PCR result was analysed by running an agarose gel electrophoresis constantly at 100 V

for 30 minutes.

4.1.2.4 Plasmid isolation

For further verification, 6 mL of A. tumefaciens culture harbouring pGSA1131/r-msAdhl1 was
used for plasmid isolation using GF-1 Plasmid DNA Extraction Kit (Vivantis, USA). The
remaining culture left was added with 20 % of glycerol and mixed well before kept at -80 °C
for long storage. The extracted plasmid was subsequently sent to First BASE Laboratories Sdn
Bhd (Selangor, Malaysia) for nucleotide sequencing using r-msAdhl specific forward and

reverse primers.
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4.1.2.5 Preparation of A. tumefaciens culture for tomato seed transformation

Hundred microliters of thawed frozen glycerol stock of A. tumefaciens stock culture
harbouring pGSA1131/r-msAdhl was inoculated into a 50 mL falcon tube containing 10 mL
LB supplemented with 100 pg/mL rifampicin and 30 pug/mL chloramphenicol. They were then
grown at room temperature with shaking at 180 rpm for 2 days. After that, 600 pL. was aliquot
and added into a 50 mL falcon tube containing 30 mL fresh LB supplemented with 100 pg/mL
rifampicin and 30 pg/mL chloramphenicol. The culture was then brought to an O.Deoo of 0.5-
0.6. Upon reaching the desired O.D. value, the cells were centrifuged at 3500 rpm for 5
minutes at room temperature. Cells were then resuspended in an infiltration media [0.5X MS;
3 % sucrose; 0.5 g/L MES]. Subsequently, 0.003 % Silwet L-77 and 200 uM acetosyringone

(Phyto Technologies Laboratories™, USA) were added.

4.1.2.6 Tomato seeds preparation

The tomato (Solanum lycopersicum) variety used for experiments was the cultivar MT1,
which was purchased from Malaysia Research Institute (MARDI). About 50 seeds were
washed with sterilized distilled water for several times. Then, the seeds were immersed in

sterilized distilled water in a 100 mL Erlenmeyer flask and incubated overnight at 4 °C.

4.1.2.7 Infiltration

The following day, the seeds which are in the water solution in a 100 mL Erlenmeyer flask
were sonicated for 10 minutes. Later, the seeds were dabbed dry and added into the
infiltration broth with A. tumefaciens harbouring pGSA1131/r-msAdhl that prepared in
section 4.1.2.5. They were then incubated at room temperature with gentle shaking at 120 rpm

for 3 hours.
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4.1.2.8 Post-infiltration

After 3 hours, the infiltration broth was drained from the seeds. Then, the seeds were rinsed
with distilled water several times and then treated with 500 pg/mL carbenicillin for an hour.
After that, seeds were sown into the ground. The seeds were germinated after 2-4 days soil

onto the ground.

4.1.3 Analysis of r-msAdhl and bar gene integration in tomato genome

4.1.3.1 Genomic DNA extraction

Young leaves of putative transformed seedling, To were surfaced sterilized for 2 minutes in
75 % ethanol, then 2 minutes in 10 % Clorox and followed by three washes in sterilized
distilled water. Genomic DNA was isolated using GF-1 Plant DNA Extraction Kit (Vivantis,
USA). Then, quantity and purity of the extracted genomic DNA (gDNA) was measured using

UltrospecR 1100 pro (Amersham Pharmacia Biotech, USA).

4.1.3.2 Analysis of r-msAdhl integration in putative transformed seedlings (To
generation) and transgenic progeny seedling (T1 generation)

The integration of r-msAdhl in putative transformed seedlings, Tol-Tol5 and transgenic
progeny seedling, Ti11-T111 were screened by PCR using r-msAdhl specific primers:
5 Comseq Adh (5’-ATGGCAAGCAGTGTTGGTCAAGTGATC-3") and 3 Comseq Adh
(5’- ACCATCCATGTGAATGATGCACCTAAGGC-3’). The PCR reaction profile shown in

Table 21 and the composition of the reaction mixture is shown in Table 22.
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Table 21: The PCR reaction profile to screen the integration of r-msAdhl in in putative transformed
seedling, To and transgenic progeny seedling, Ti.

Segment Temperature (°C) Duration Number of cycles
Initial denature 94 3m 1x
Denaturation 94 30s

Annealing 57 45s 35X
Elongation 72 1m30s

Initial denature 72 10m 1x

Table 22: The composition of 1X PCR reaction mixture to screen the integration of r-msAdhl in
putative transformed seedlings, To and transgenic progeny seedling, Ti PCR was
undertaken using the 5_comseq_Adh and 3°_Comseq_Adh primers combination.

Reagents 1X (uL)
2X Green Go-Taq Master Mix (Promega) 7.5

5 comseq_Adh (10 uM)

3’ comseq_Adh (10 pM)

Genomic DNA (0.5 pg/pL)

Nuclease-free water 4.5
Total volume 15

4.1.3.3 Analysis of bar gene integration in putative transformed seedlings (To generation)
Molecular analysis of bar gene was only carried out for the generation of putative transformed
seedling; To as the priority of this study is r-msAdhl. Gradient PCR was performed using
annealing temperature ranging from 55 °C — 68 °C to amplify GC-rich bar sequence from the
gDNA template of Tol. The amplification of bar gene was attempted using the bar gene
specific primers: Bar3 F (5’-ATGAGCCCAGAACGACGCC-3’) and Bar3 R (5’-
ATCTCGGTGACGGGCAGG-3’). The PCR reaction profile shown in Table 23 and the

composition of the reaction mixture is shown in Table 24.
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Table 23:

Table 24:

The gradient PCR reaction profile to determine the annealing temperature for amplification
of bar gene in putative transformed seedling, Tol.

Segment Tem?oeé;;lture Duration Number of cycles

Initial denature 94 3m 1x

Denaturation 94 30s

Annealing 55-68 45s 35X

Elongation 72 30s

Initial denature 72 10 m 1x

The composition of 1X PCR to determine the annealing temperature for amplification of bar

gene in putative transformed seedling, Tol. PCR was undertaken using Bar3_F and Bar3_R
primers combination.

Reagents 1X (uL)
10x High Fidelity buffer with 15mM MgCl> 2.5
dNTP (2.5 mM) 2.5
Bar3_F (10 uM) 1
Bar3_R (10 uM) 1
Genomic DNA (0.5 pg/pL) 1
High Fidelity enzyme (0.625 U/uL) 1
Nuclease-free water 16
Total reaction 25

4.1.4 Analysis of r-msAdhl expression in transformed seedling, To and transgenic

progeny seedling, T1

4.1.4.1 Total RNA extraction

The transformed To seedling: To2 and transgenic progeny seedling: T18-T111 was selected for

expression analysis. Young leaves at the 4-6 stage was used as a sample. Before RNA

extraction, the leaves were surfaced sterilized with 75 % ethanol, followed by 10 % Clorox,

and subsequently rinsed thrice with sterilized distilled water with continuous shaking for 2
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minutes. Next, in a pre-cooled mortar, sample was ground to fine powder with liquid nitrogen.
The powder tissue was then transferred into a 1.5 mL microcentrifuge tube. Total RNA

extraction was performed using Total RNA Mini Kit Plant (Geneaid, Taiwan).

4.1.4.2 DNAse treatment

Ten microliters of the total RNA was treated with DNAse | (Promega) to removes traces of
genomic DNA. The composition for DNase | treatment is shown in Table 25. The reaction
mixture was incubated at 37 °C for 30 minutes. Thermal inactivation was done by adding 1 pL
of 10 mM EDTA (Fermentas, Lithuania) into reaction mixture and subsequently incubated at
65 °C for 10 minutes. The quantity and purity of the total RNA obtained then measured using
UltrospecR 1100 pro (Amersham Pharmacia Biotech, USA). Meanwhile, to assess the

integrity of total RNA extracted, an aliquot of RNA was running on 1.5 % of agarose gel.

Table 25: The composition of reagent used for DNase treatment

Reagents Volume (uL)
Extracted total RNA (0.5 pg/pL) 10

10X reaction buffer with MgCl2 1
DNase 1, RNase-free (1 u/ulL)

Total reaction 12

4.1.4.3 First strand cDNA synthesis

First strand cDNA synthesis of r-msAdhl was carried out according to RevertAid First strand
cDNA synthesis kit protocol (Fermentas, Lithuania). Before started, all reagents were thawed
on ice and then briefly centrifuged. Approximately 2 pL of 3 Comseq Adh (5’-

ACCATCCATGTGAATGATGCACCTAAGGC-3’), 2 uL 3 BamHl msAdhl (5°-
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ACCAAGGATCCTTAGTGGTGGTGGTG-3’) and 2 pL of adaptor (df)7 (

GACTCGAGTCGACATCGATTTTTTTTTTTTTTTTT-3") was added respectively into a 1.5
mL RNAase-free microcentrifuge tube that contains 10 uL of RNA. All tubes were then
incubated at 65 °C for 5 minutes, then briefly centrifuged and placed on ice for 5 minutes.
After that, the reagent for cDNA synthesis was added into the tube in indicated order as shown
in Table 26. The mixture was then briefly centrifuged and incubated at 42 °C for 1 hour and

half. Thermal inactivation was done at 75 °C for 10 minutes to stop the reaction.

Table 26: The composition of reagent mixture to synthesis first strand cDNA

Reagents Volume (uL)
Total RNA plus primers 12

5X reaction buffer 4
Ribolock RNase inhibitor (20 U/ pL) 0.5
dNTP mix, 10 mM each 2
DEPC treated water 0.5

RT M-MuLV Reverse Transcriptase 200U/ pL 1
Total reaction 20

First strand cDNA synthesis of the transgenic progeny seedling; T18-T111 were also carried
out. The treatment is same as described above except the first strand cDNA synthesis was
priming by r-msAdhl specific internal primer; 5 msAdhl R (5-

AACACAGCCAACATGGACAA-3’).
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4.1.4.4 Amplification of r-msAdhl by Reverse-Transcriptase Polymerase Chain Reaction
(RT-PCR)

The presence of r-msAdhl expression in putative transformants, To2 and transgenic progeny
seedling, (T18-T111) were determined by RT-PCR using combination of r-msAdhl cDNA
specific forward and reverse primers: 5 Comseq Adh (5°-
ATGGCAAGCAGTGTTGGTCAAGTGATC-3’) and 5 msAdhl R (5°-
AACACAGCCAACATGGACAA-3’). The PCR reaction profile is shown in Table 27 and the

composition of PCR mixture is shown in Table 28.

Table 27: RT-PCR reaction profile to determine the expression of r-msAdhl

Segment Tem?oeg;;lture Duration Number of cycles
Initial denature 94 3m 1x
Denaturation 94 30s

Annealing 55 30s 35x
Elongation 72 45s

Initial denature 72 5m 1X

Table 28: The composition of 1X RT-PCR mixture to determine the expression of r-msAdh1 using the
5 Comseq Adh and 5° msAdhl_ R primers combination.

Reagents 1X (uL)
2X Dream-Taq Green PCR Master Mix (Promega) 125
5 comseq_Adh (10 uM) 1

5’ msAdhl R (10 uM) 1
cDNA 2
Nuclease-free water 9.5
Total volume 25
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4.2 Results and Discussion

4.2.1 Construction of pGSA1131/r-msAdhl

4.2.1.1 Directional cloning of r-msAdhl PCR product using specific primers

The used of primers combination; 5’Ncol_msAdhl and 3_BamHI_msAdhl in PCR to amplify
full length of r-msAdhl cDNA had resulted amplification of approximately 1.184 kb fragment
on 1 % agarose gel electrophoresis. The amplified r-msAdhl cDNA fragments containing
endonuclease restriction sites (Ndel and Xhol-8x histidine nucleotides) on 5’ and 3°,

respectively. The photograph of agarose gel electrophoresis result is shown in Figure 19.

~1.184 kb

Figure 19: Gel electrophoresis of PCR product visualized on 1 % of agarose gel stained with EtBr.
The used of 5’Ncol msAdhl and 3_BamHI_msAdhl primers in PCR had produced r-
msAdhl band with expected size of 1.1 kb. Lane M: GeneRuler™ 1 kb DNA Ladder
(Fermentas, Lithuania), Lane 2: Negative control, Lane 1, 3 and 4: PCR product.

The PCR product was purified and subsequently digested using restriction enzymes; Ncol

(Fermentas, Lithuania) and BamHI (Fermentas, Lithuania). There was no difference in r-

msAdhl size before and after digestion of the endonuclease as these enzymes removed only a

few nucleotides at the 5° and 3” end of the r-msAdhl sequence. Meanwhile, the vector;

pGSA1131 was digested using the same restriction enzyme as well, thus removing the gus
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gene from vector which then replaced with r-msAdhl cDNA by ligation. The ligation of r-
msAdhl cDNA into the binary vector and transformation of this newly construct into XL-Blue
competence cells through heat shocked method was successful as many colonies were

observed on selection media.

4.2.1.2 Plasmid isolation

The isolated plasmid was analysed by running an agarose gel at 100 V for 30 minutes. The
electrophoresis result of agarose gel showed a single band with size smaller than expected
(Figure not shown). This indicates that the extracted plasmid was in supercoiled form. The
exact molecular weight of plasmid only can determine if they were in linearized form as

shown in Figure 20 (Page 69).

4.2.1.3 Verification of pET-4la(+)/r-msAdhl reading frame via restriction enzyme
digestion analysis and nucleotide sequencing.
The restriction enzyme analysis was carried out to prove the inclusion of r-msAdhl cDNA in
the binary vector, pGSA1131. Figure 20 showed the result of gel electrophoresis for
restriction digestions of both plasmids; pGSA1131 and pGSA1131/r-msAdhl. Single
digestion using Ncol only cut the supercoiled plasmid; pGSA1131/r-msAdhl and pGSA1131
at only one site, thus converting the supercoiled plasmid into a linear form with size
approximately of 10.204 kb and 9.394 kb respectively (Lane 2 and Lane 4). This step was
conducted to estimate the exact size of both plasmids.

Meanwhile, the double digestion of pGSA1131/r-msAdhl using Ncol and BamHI cut
this plasmid at two sites (Lane 5). Result obtained showed that the sizes of the restricted
fragments corresponded to the expected sizes calculated from plasmid restriction maps;
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~ 9.025 kb (pGSA1131 backbone) and ~ 1.179 kb (r-msAdh1l cDNA). Based on this result, it
proofed and confirmed that the sizes of the restricted fragments obtained approximately the
same to the predicted sizes from the calculation thus indicating that the construction of the

recombinant vector pGSA1131/r-msAdhl was successful.

10 kb

8.0 kb

1.5kb
~ 1.179kb
1.0 kb

Figure 20: Restriction enzyme analysis of pGSA1131/r-msAdhl. The digestion mixture was
visualized on 1 % of agarose gel stained with EtBr. Lane M: GeneRuler™ 1 kb DNA
Ladder (Fermentas, Lithuania). Lane 1: Uncut supercoiled pGSA131, Lane 2: Linearized
pGSA1131, Lane 3: Uncut supercoiled pGSA1131/r-msAdhl, Lane 4: Linearized
pGSA1131/r-msAdhl, Lane 5: Double digestion of pGSA1131/r-msAdh.

Apart of that, to further verify, the DNA sequencing was also performed using several
different primers to ensure the r-msAdhl was successfully cloned in correct orientation into
the pGSA1131 vector. The different fragments resulted from sequencing were assembled by
using overlapping consensus sequence. DNA sequence analysis revealed clearly that r-msAdhl
clone is approximately 1.140 kb in length and contains a reading frame of 380 amino acids.
The junction of the nucleotide sequence of r-msAdhl in the pGSA1131 vector is illustrated in

Figure 21.
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Ncol r-msAdh1
J |

| 5. TATATAA.............. TTA_CAA ....... TTCACATGGATGGTCTCGAGCACCAC.. CACCACIGGATCC..3 |

35s Promoter

BAR MAS 3’ 1)
MAS 2’ 30
Promoter
Left Border Right Border
§ (RB)
B
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¥
1 pGSA1131/r-msAdh1
[10172 bp]

Figure 21: Plasmid map of the newly construct; pGSA1131/r-msAdhl. Map showing left (LB) and
right borders (RB) flanking the plant selection genes (Bar), r-msAdhl cDNA, and a
selection genes (CAM) used in bacteria.

4.2.2 Establishment of the tomato genetic transformation system

4.2.2.1 Transformation of pGSA1131/r-msAdhl into A. tumefaciens via electroporation
The verification by restriction enzyme analysis and nucleotide sequencing had proven that
pGSA1131/r-msAdhl was in correct orientation to proceed to the A. tumefaciens
transformation via electroporation method. The efficiency of transformation through this
method was high, however the growth of A. tumefaciens is slow as transformed colonies only
can be observed on selection plates after 3 days. Three colonies were selected, cultured and

their cells pellet were then resuspended with sterilized distilled water. The resuspended cells
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were then directly used as a template in the colony PCR. All the selected colonies showed
positive PCR result for r-msAdhl with size approximately of 1.184 kb when primers 5_
Ncol_msAdhl and 3_ Ncol_msAdhl were used. The photograph of gel electrophoresis result
is shown in Figure 22. The slight smearing appeared in gel because whole E. coli lysate was
used as template. Thus, contaminating genomic DNA, plasmid DNA and cellular debris which

interfered with DNA migration were present.

1.5kb

1.0 kb ~1.184 kb

Figure 22: Gel electrophoresis of colony PCR product visualized on 1 % agarose gel stained with EtBr
to screen the positive colony harbouring pGSA1131/r-msAdhl. A single band estimated at
~ 1.184 kb was observed for all selected colony. Lane M: GeneRuler™ 1 kb DNA Ladder
(Fermentas, Lithuania), Lane 1: Negative control (DNA template exclude in PCR
reaction), Lane 2-4: PCR result for colony 1, 2 and 3.

4.2.2.2 Agrobacterium-mediated transformation using tomato seeds

In this study, the r-msAdhl cDNA has been cloned downstream to the 35s promoter. Pratheesh
et al. (2014) reported that, 35s promoter effectively puts its downstream gene outside virtually
any regulatory control by the host genome and expresses the gene at approximately two to
three orders of magnitude higher, thus allowing a strong positive selection. A successful in

planta transformation had been reported by Lee et al. (2013) when pGSA1131 containing 3 —
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glucuronidase gene (GUS) that located on downstream to the 35s promoter was used to
transform GUS gene into plant Morinda citrifolia.

Initially, A. tumefaciens harboured pGSA1131/r-msAdhl was grown to ODsgonm: 0.6
in which at this point, the cells were active and at the optimum condition to carry out the
infiltration task. Upon reaching the desired density, cells were pelleted and re-suspended into
infiltration media containing Silwet L-77 and acetosyringone. Meanwhile, about 50 of tomato
seeds were sonicated for 10 minutes to introduce wound. Trick and Finer (1997) reported that
sonicating had introduced thousand micro wound on immature soybean cotyledons and greatly
enhanced the levels of transient expression. The ruptures on the surface of the plant material
are clearly large enough for Agrobacterium to invade the wounded cells or tissues (Trick and
Finer, 1997). When cells are wounded, it will secrete low molecular weight molecules;
acetosyringone and hydroxy-acetosyringone (Chaudhry and Rashid, 2010). The
Agrobacterium VirA/VirG two-components system will recognize the acetosyringone as a
host specific signal and activate vir gene expression (Winans, 1990). Further addition of
acetosyringone will act as chemical attractant in vitro and may act as a chemotactic agent in
nature, thus it was used to enhance the transformation efficiency (Chaudhry and Rashid,
2010). Meanwhile, addition of surfactant such as Silwet L-77 are known to function either as
enhancer of cuticle penetration by making the plant cuticular membrane susceptible to solute
transfer or acting as co-solvents (Madhou et al., 2006). In addition, application of surfactants
will enhances transformation frequency by aiding A. tumefaciens attachment or eliminating

substances that inhibit bacterial attachment (Curtis and Nam 2001; Huang and Wei 2005).
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4.2.2.3 Germination rate

Fifty transformed seeds were sown and from that amount, only 26 seeds germinated giving 52
% germination rate for Solanum lycopersicum var. MT1 (MARDI). This might be because; the
seeds were not kept in the proper condition to preserve the fertility. Even so, the analysis of
transformation was preceded using the remaining germinated seeds. Out of 26 germinated

seeds, only 15 plants were available for further analysis.

4.2.3 Analysis of r-msAdhl and bar gene integration in tomato genome

4.2.3.1 Genomic DNA (gDNA) extraction from putative transformed seedling, To

Young leaf with size approximately 0.5 cm?® in diameter was used for genomic DNA
extraction. An aliquot of gDNA was then analysed on 1 % of agarose gel (Figure 23). As can
be seen in the figure, high molecular weight of band was observed in all wells, indicating
successful extraction. However, smearing towards the end of the gel suggested that
degradation of DNA had occurred during extraction. The genomic DNA were quantified at
260 nm and the purity was calculated using 260/280 nm absorbance ratio (UltrospecR 1100
pro, Amersham Pharmacia Biotech, USA), (Table 32). The genomic DNA obtained

subsequently used as a template for PCR amplification to screen and identify positive plants.
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10 kb

10 kb

Figure 23: Gel electrophoresis of genomic DNA visualized on 1 % agarose gel stained with EtBr. The
gDNA extracted from putative transformed seedling; Tol-Tol5. Lane M: GeneRuler™ 1

kb DNA Ladder (Fermentas, Lithuania), Lane 1- 15: The genomic DNA extracted from
Tol-Tol5.
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Table 29: DNA quantitative measurement of putative transformed seedling, To

Absorbance Quantity of DNA

Samples reading concentration
(A260/280) (ng/pL)
Tol 1.50 0.30
To2 2.00 0.20
To3 1.67 0.25
To4 2.00 0.30
To5 1.67 0.25
Tob 2.00 0.20
To7 1.75 0.35
To8 2.50 0.25
To9 1.75 0.35
Tol0 2.33 0.35
Toll 2.00 0.30
Tol2 2.25 0.45
Tol3 2.00 0.3
Told 1.67 0.25
Tol5 1.67 0.25
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4.2.3.2 Screening for the presence of r-msAdhl cDNA in putative transformed seedlings,
To

The putative transformed seedlings were subjected to molecular analysis via PCR. The
genomic DNA obtained from section 4.2.3.1 was used as a template to screen and identify the
positive plants. Genomic DNA from tomato that was not transformed with the pGSA1131/r-
msAdhl (wild type) was used as a negative control meanwhile the plasmid pGSA1131/r-
msAdhl was used as positive control.

The first PCR attempt was using r-msAdhl internal specific forward and reverse
primers; Inter Adh F (5-TGCAAAGAGTGTGCTCACTGT-3’) and Inter Adh R; (5°-
CTCCACCATTTGTCATCTCAGC-3’). However, a band with expected size was observed in
all tested plants including the wild type. When the band was sequenced and analysed via
BLAST tool search against the nucleotide database in Genebank NCBI, the result obtained
showed that the band is Adh2 of wild type tomato (Result not shown). This indicates that the
internal primer used was not specific to detect the r-msAdhl cDNA. The analysis via BLAST
also showed that r-msAdhl has a high degree of similarity (78 %) with Adh2 of wild type
tomato (Appendix I).

Therefore, a new set of diagnostic primers were designed; the 5_Comseq_Adh and
3_Comseq_Adh, and combination of these primers was able to amplify full length of r-
msAdhl cDNA from transformed tomato seedling. Out of 15 putative transformed plants
analysed: five putative transformed plant lines (Tol, To2, To4, Tol2, Tol3) were determined to
contain r-msAdhl cDNA with band size of approximately 1.140 kb. Meanwhile, none of the
wild type seedlings showed this band (Figure 24a and 24b). Further verification by nucleotide

sequencing also confirmed and showed that the band was r-msAdh1l cDNA (Appendix Ji).
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Figure 24(a)(b): Gel electrophoresis of PCR product visualized on 1.5 % agarose gel stained with
EtBr to screen the integration of r-msAdhl cDNA in the putative transformed
seedling, To. Lane M: GeneRuler™ 1 kb DNA Ladder (Fermentas, Lithuania), Lane
-ve: Negative control (PCR without DNA template), Lane +ve: Positive control,
Lane Tol- Tol15: Putative transformed seedling 1-15. Lane WT: Wild type (control).

Up to date, the efficiency of stable in planta transformation of tomato had been reported from
range 12 % -23 % using floral dip method, 17 % - 21 % using in vitro fruit injection method,
35 % - 42 % using in vivo fruit injection method (Yasmeen et al., 2008). Meanwhile, higher
stable in planta transformation efficiency up to 54 % - 68 % had been reported by Hassan et
al. (2008) through Agrobacterium infiltration of ripened fruits.

In this study, the efficiency of transformation is lower (33.3 %) compared with method

that developed by Hasan et al. (2008) and Yasmeen et al. (2008). However, method developed
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in this study is faster as the putative transformed seedling can be analyzed after two weeks of
transformation.

Every experiment produced different transformation efficiency as different A.
tumefaciens strain, binary vector, target tissue and plant species were used. Bakhsh et al.
(2014) reported that the transformation efficiencies of five Agrobacterium strain in Nicotiana
tabacum L. cultivar Samsun were significantly different except between LBA4404 and
GV2260. The efficiency of Agrobacterium-mediated plant transformation depends on the
successful interaction between plant cell and Agrobacterium, which involves numerous genes

from both Agrobacterium and plants (Gelvin, 2000).

4.2.3.3 Screening for the presence of bar gene in putative transformed seedlings, To
No amplification of bar gene was seen in all tested plants when PCR was carried out using
Green GoTag (Promega) at calculated annealing temperature of 59 °C. An attempt to amplify
the GC-rich bar gene sequence from gDNA by adding the organic molecules such as dimethyl
sulfoxide (DMSQ) and bovine serum albumin (BSA) into PCR reaction mixture also failed.
The difficulty has been experienced in achieving bar amplification possibly due to the high
GC content (68.3 %) and the presence of blocks of continuous GC sequence of this gene
(Vicker et al., 1996). High GC content of gene generate complication during primer designing
because of the secondary structure, and the most prominent problem associated is hairpin
loop; which directly interferes during annealing of primers on difficult DNA template that
leads to no amplification (Kumar and Kaur, 2014).

Malabadi and Nataraja (2007) had reported the successful amplification of bar gene
from genomic template by using Expand™ high Fidelity Taq Polymerase as described by

Vicker et al. (1996). Meanwhile, Mammedov et al. (2008) had suggested that for primers with
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high GC content, higher annealing temperatures may be necessary. Therefore, gradient was
performed using High Fidelity enzyme mix (Fermentas, Lithuania) to test the efficiency and to
determine the suitable annealing temperature for bar gene amplification.

From Figure 25, it can be seen that the amplification was obtained at high annealing
temperature: 62.4 °C (Lane 7), 64.0 °C (Lane 8), 65.6 °C (Lane 9), and 66.7 °C (Lane 10). As
a single bright band seen at annealing temperature 64.0 °C (Lane 8) and 65.6 °C (Lane 9);
therefore, the decision to use annealing temperature: 65.6 °C to screen the positive seedling
carrying the bar gene was made.

Out of the 15 plants tested, seven putative transformed plant lines: Tol, To3, To4, To5,
To9, Tol2 and Tol3 are positive bar gene (Figure 26a and 26b); thus resulting higher
transformation efficiency (46.7 %) than r-msAdhl (33.33 %). The result indicating that co-
integration of both r-msAdhl cDNA and the herbicide resistant bar gene in putative
transformed plant did not always occur; perhaps the smaller gene was easier to incorporate
and expressed at high rate during selection (Malabadi and Nataraja, 2007). Similarly, Afolabi
(2004) found that the number of copies of transgenes; bar versus gus genes that originally
present in the same T-DNA were often different in individually transformed plant lines. They
also found that nonintact T-DNAs were present in >70 % of transgenic rice lines, in most
cases reflecting loss of the mid to right border portion of the T-DNA. These disparities could
result from rearranged or truncated T-DNA (Sallaud et al., 2003) and this has been
demonstrated directly by fiber-FISH in potato (Wolters et al. 1998). Kohli et al. (2010)
reported that, the rearrangement may be induced by specific recombinogenic sequences such
as CaMV 35S promoter.

Even though PCR can show the presence or absence of a transgene and provide a

dependable copy number estimate, it provides little in the way of transformation about the
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structure of a transgenic locus unless the genomic flanking sequences are already known
(Kohli et al., 2010). The structure of a transgene locus can have major influence on the level

and stability of transgene expression (Kohli et al., 2010).

Annealing temperature, °C
B

55.7 56.7 578 595 611 624 640 656 66.7 675 68.0

500 bp

Figure 25: Gel electrophoresis of gradient PCR product visualized on 1.5 % agarose gel stained with
EtBr. The PCR was performed to determine the annealing temperature for the
amplification of bar gene from putative transformed seedling; Tol. Lane M: GeneRuler™

1 kb DNA Ladder (Fermentas, Lithuania), Lane —ve: Negative control (PCR without
DNA template), Lane +ve: Positive control.
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Figure 26(a)(b): Gel electrophoresis of PCR product visualized on 1.5 % agarose gel stained with
EtBr to screen the integration of bar gene in the putative transformed seedling; To.
Lane M: GeneRuler™ 1 kb DNA Ladder (Fermentas, Lithuania), Lane —ve:
Negative control (PCR without DNA template), Lane +ve: Positive control (PCR
using pGSA1131/r-msAdhl plasmid as a template), Lane Tol- Tol5: Putative
transformed seedling, 1-15. Lane WT: Wild type (control).
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4.2.3.4 Screening for the r-msAdhl cDNA in T1progeny

Fully mature red tomatoes were harvested from three putative transformed plant lines: To5,
Tol2 and Tol3. Seeds were collected and germinated to obtain T1 progeny. There were one
hundred seedling obtained; however only 11 of them were randomly selected for further
analysis.

The PCR analysis detected approximately 1.14 kb band in 9 out of 11 progeny
seedlings (Figure 27-30). No amplification was obtained from T4 (Figure 28) and Ti1l
(Result not shown). Even though the same concentration of gDNA was used in PCR, however
different intensity of r-msAdhl band obtained among the transgenic lines probably indicates
the different level of expression. This phenomenon has been generally described to different
integration sites of the transgenes into the plant genome in each independent transformant
(position effect) (Li et al, 2000).

Further analysis of Ti4 using gradient PCR had detected r-msAdhl band at high
annealing temperature: 60.1 °C, 61.1 °C and 61.7 °C (Figure 29). Nucleotide sequencing had
proven that it was full sequence of r-msAdhl cDNA. Meanwhile, molecular analysis of T111
through RT-PCR showed positive result therefore proved that T111 is carrying r-msAdhl in
their genome (Refer Figure 32 and Appendix Jiii). From these results, it can be concluded that

the r-msAdh1 cDNA was inherited successfully in all T1 progeny.
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T1 generation from Tol2

1.5kb
1.0 kb

Figure 27: Gel electrophoresis of PCR product visualized on 1.5 % agarose gel stained with EtBr to
analyse the integration of r-msAdhl in T; generation from Tol12. Lane M: GeneRuler™ 1
kb DNA Ladder (Fermentas, Lithuania), Lane —ve: Negative control (PCR without DNA
template), Lane +ve: Positive control (PCR using pGSA1131/r-msAdhl plasmid as
template), Lane T11-T13: T1_generation from To2.

T1 generation from Tol3

+ve T14 T1 5 T16 T17 WT

1.5Kb
1.0Kb

Figure 28: Gel electrophoresis of PCR product visualized on 1.5 % of agarose gel stained with EtBr to
check the integration of r-msAdhl cDNA in T1 progeny of Tol3. Lane M: GeneRuler™ 1
kb DNA Ladder (Fermentas, Lithuania), Lane —ve: Negative control (PCR without DNA
template), Lane +ve: Positive control (PCR using pGSA1131/r-msAdhl plasmid as
template), Lane T14 - T17: T1generation from To13, Lane WT: Wild type (control).

85



Annealing temperature, °C
e

Figure 29: Gel electrophoresis of gradient PCR product visualized on 1.5 % agarose gel stained with
EtBr to check the integration of r-msAdhl cDNA in progeny Ti4 of To13. M: GeneRuler™
1 kb DNA Ladder (Fermentas, Lithuania), Lane —ve: Negative control (PCR without DNA

template), Lane +ve: Positive control (PCR using pGSA1131/r-msAdhl plasmid as
template).

T. generation from T2

1.5kb
1.0 kb

Figure 30: Gel electrophoresis of PCR product visualized on 1.5 % of agarose gel stained with EtBr
to analyse the integration of r-msAdhl in T progeny of To2. Lane M: GeneRuler™ 1 kb
DNA Ladder (Fermentas, Lithuania), Lane —ve: Negative control (PCR without DNA
template), Lane +ve: Positive control (PCR using pGSA1131/r-msAdhl plasmid as
template), Lane T18 -T110: T, generation from To2.
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4.2.4 Expression analysis of r-msAdhl

4.2.4.1 Integrity and quality of total RNA

Purity and integrity of RNA are critical elements for the overall success of RNA-based
analysis (Fleige and Pfaffl, 2006). Starting with low quality of RNA may strongly affected the
result of downstream applications which are labour-intensive, time-consuming and highly
expensive (Imbeaud et al., 2005). Therefore, the integrity and quality of the used total RNA
should be checked. In this study, total RNA was extracted from young leaves of four selected
PCR positive lines; T18, T19, T110and T111. The concentration and the purity of total RNA
were assessed with UltrospecR 1100 pro (Amersham Pharmacia Biotech, USA), using diluted
1 uL aliquot of the total RNA solution. RNA purity was estimated from the 260/280 nm
absorbance ratio, which is an estimation of contamination mainly from proteins and phenol.
Meanwhile, in order to evaluate the degree of degradation, electrophoretic
methods have been applied that separate the samples according to the size of the comprised
molecules. RNA is considered of high quality when the ratio of 28S:18S bands is about 2.0
and higher (Schroeder et al., 2006).

Based on the result that presented in Table 30, a 260/280 reading between 1.8-2.0 of
samples T19 and T111 indicated good RNA quality. However, the bands were lacking sharp of
28S and 18S rRNA (Figure not shown), indicating that the RNA might be partially degraded
by endogenous and environmental ribonucleases (RNAases) (Kingston, 2012). Degraded
RNA may cause false negative results leading to delayed diagnosis or misdiagnosis
(Schroeder et al., 2006). Meanwhile, a low 260/280 reading obtained from samples T:8 and
T110 indicating that RNA is contaminated with protein or phenol. Regarding RNA integrity,
RNA bands from these samples appeared smear (figure not shown) even though two distinct

RNA fragments; the 28S and 18S rRNA was clearly observed on 1.5 % of agarose gel stained
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with ethidium bromide. However, putative DNA contamination in total RNA solution was not
directly assessed. Nevertheless, after DNAse treatment, no high molecular weight bands

indicative of DNA presence are visible after gel electrophoresis of 5 uL of total RNA.

Table 30: RNA quantitative measurement of the selected T1 progeny seedlings

Samples Absorbance reading Quantity of RNA
A260/ A2g0 (Mg/pL)
To8 1.615 0.117
To9 1.860 0.032
Tol0 1.531 0.020
Toll 1.981 0.057

4.2.4.2 Molecular analysis of r-msAdhl expression in transformed seedling through
Reverse Transcription PCR
RT-PCR is a sensitive amplification procedure that has been used to detect the presence of a
gene in a plant genome (Wang et al., 2009). In this study, the expression of r-msAdhl cDNA
in four PCR positive lines; T18, T19, T110and T111 was detected by performing RT-PCR. First
strand cDNA synthesis was carried out by reverse transcribing total RNA using ReverseAid™
M-MuLV reverse transcriptase (Fermentas, Lithuania) primed with different antisense
primers: 3_Comseq_Adhl, 3 BamH1_msAdhl and oligo «t17 (Refer to Figure 32). However,
no amplification of r-msAdhl was obtained when the first cONA generated by primers above
is used as template in RT-PCR.

Surprisingly, the amplification of r-msAdhl was obtained when r-msAdhl specific
antisense internal primer (5_msAdhl_R) was used to prime the cDNA synthesis reaction. The

reason probably because of first strand cDNA generated either by 3 _Comseq_Adhl or
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3_BamH1_msAdhl priming was truncated; thus gave negative result in RT-PCR. In addition,
secondary structures of mMRNA can often cause difficulties for the reverse transcriptase,
causing the enzyme to stall and end its synthesis well ahead of the 5 end (Brooks et al., 1995
as cited in Resuehr and Spiess, 2003). Moreover, amplification of long product over 400 bp is
strongly dependent on a good RNA quality (Fleige and Pfaffl, 2006). Therefore, a design of a
primer to anneal an internal region of the gene of interest is useful if it is not possible to use
intact RNA (Fleige and Pfaffl, 2006).

The RT-PCR using r-msAdh1 specific primers (5_Comseq_Adhl and 5_msAdhl R)
and subsequent agarose gel electrophoresis revealed a band of 500 bp in Lane 1 and Lane 2
(Figure 32), indicating that the r-msAdh1l is presence in the transgenic progeny seedling T19
and T111. When the band was sequenced, result obtained confirmed and proven that the band
was r-msAdhl cDNA (Appendix Jiii). Meanwhile, no amplification obtained from sample T18
and T110 were expected since the RNA quality is poor (Result not shown). According to
Wang et al., (2009), if RNA is a poor template for reverse transcription, it is very difficult or
no chance to amplify a longer DNA fragment such as full length cDNA. Even intact RNA
does not guarantee good results because RNA sample may contain inhibitors that can reduce
reaction efficiency (Wong and Medrano, 2005). These factors include length of the amplicon,

secondary structure and primer quality (Fleige and Pfaffl, 2006).

5_Comseqg_Adh
(nt: 1)

Xhol His ta Stop codon BamHlI
r-msAdhl cDNA sequence (nt: 1-1140) J P
(nt:1141-1146) (nt:1147-1170) (nt: 1171-1173) (nt: 1174-1179)
«— +— <
5 _msAdhl_R 3_Comseqg_Adh 3_BamHI _msAdhl
(nt: 464) (nt: 1140) (nt: 1179)

Figure 31: The orientation and position of primers used to prime the first strand cDNA synthesis
reaction.
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500 bp

Figure 32: Gel electrophoresis of RT-PCR product visualized on 1.5 % agarose gel stained with EtBr
to analyse the expression of r-msAdhl cDNA in transformed seedlings. Lane M:
GeneRuler™ 1 kb DNA Ladder (Fermentas, Lithuania), Lane —ve: Negative control (PCR

without DNA template), Lane +ve: Positive control (PCR using pGSA1131/r-msAdhl
plasmid as template), Lane 1: T19, Lane 2: T111.
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4.2.5 Morphological observation on transgenic seedling

Several r-msAdhl expressing transgenic seedling (To and Ti1) had a change in their
morphological cotyledon leaf when compared to wild type tomato seedling. The phenotype
changed was not only observed in To generation but also in Tz generation. The unintended trait
in genetic engineered plant is consequence of the change of the transformed plant’s genome
which is called as insertional effect (Konig et al. 2004). In case of this study, it can be seen
that some Ty transformed seedling has a mild wrinkled cotyledon leaf (Figure 33 and 34) when
compared to wild type seedling that have smooth and plain cotyledon leaf (Figure 36).
Besides, an abnormal shape of cotyledon leaf was always observed in To and T1 generation of
transformed plants (Figure 35, 38 and 39) thus sometime renders easier transgenic seedling
identification.

However, some r-msAdhl expressing transgenic seedling also exhibited normal and
healthy cotyledon leaf (Figure not shown). The study conducted by Chern et al. (2007) on T-
DNA insertional mutagenesis in rice (Oryza sativa) also found that not all transgenic line
possess unintended traits as out of 22, 6665 field-grown T1 lines examined, only 4, 065 lines
was identified with visible mutant trait. Meanwhile, ElI Ouakfaoui and Miki (2005)
demonstrated that genes can be inserted without altering the global gene expression profile.
The unintended traits resulted when the insertion occurs within or near to an endogenous gene
or regulatory element; thus either the expression of associated endogenous gene or the nature
of the RNA and/or protein produced will be effected. However, the changes in their
expression will not necessarily result in an unintended trait as plants are buffered against the
consequences of genomic changes by the high level of gene redundancy in plant genome and

by quality control systems active in plants (Schnell, 2015).
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To generation

-

Figure 33: Putative transformed seedling, To Figure 34: Putative transformed seedling, To

has mild wrinkled of cotyledon has mild wrinkled of cotyledon

leaf, as indicated by an arrow, leaf, as indicated by an arrow,

when compared to wild type when compared to wild type

seedling. seedling. The growth of extra leaf
also observed (showed by yellow
arrow).

Figure 35: Putative transformed seedling, To has Figure 36: Wild type seedling has smooth
abnormal cotyledon leaf shape, as and plain cotyledon leaf.
indicated by arrow, when compared
to wild type seedling.
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T1 generation

Figure 37: Wild type seedling has smooth and
plain cotyledon leaf.

Figure 38: The progeny seedling; Ti3 has
abnormal shape of cotyledon leaf
as compared to wild type seedling.

Figure 39: The progeny seedling; T12 has an
extra cotyledon leaf with abnormal

shape as compared to wild type
seedling.
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4.3 Conclusion

First objective of this study was successfully achieved. The construct; pGSA1131/r-msAdhl
was successfully generated by cloning the complementary DNA (cDNA) of r-msAdhl into the
Ncol and BamHI restriction site of the T-DNA region of vector pPGSA1131 under the control
of the cauliflower mosaic virus 35S ribonucleic acid promoter (CaMV35S). Verification using
restriction enzyme analysis and nucleotide sequencing proved the clone is in correct
orientation in pGSA1131.

Second objective was successfully attempted. The transformation of the msAdhl
cDNA into the tomato genome by Agrobacterium-mediated in planta transformation was
carried out by infecting sonicated seeds with A. tumefaciens habouring pGSA1131/r-msAdhl.
The developed protocol is easy, rapid, efficient, cost-effective, and can generate a relatively
large number of transgenic plants in approximately one months. This is the first study that
reports the Agrobacterium tumefaciens-mediated in planta strategy in tomato targeting on seed
as gene transfer.

Third objective is to evaluate the integration of r-msAdhl cDNA and bar gene in
tomato genome using PCR. Out of the 15 transformed plants, five (5) putative transgenic lines
were determined to carry the r-msAdhl cDNA, and seven (7) putative transgenic lines were
determined to carry bar gene in their genome resulting in an average of 33.3 % and 46.7 %
transformation efficiency, respectively. Result obtained also showed that the r-msAdhl cDNA
was inherited successfully in all Tiprogeny. Molecular analysis through RT-PCR also

confirmed the presence of r-msAdhl cDNA in tomato genome.
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4.4 Future Research

To validate the molecular transformation, the transgenic and control plants can be subjected to
the swab test using various concentration of BASTA. Healthy leaves of plants should be
selected, and swabs on the abaxial and adaxial leaves surface. Somayaji et al. (2014) had
found that leaves of non-transformed tomato plants produced partial necrosis of leaves
following the application of 2 mg/L BASTA and complete necrosis when 4 mg/L of BASTA
was applied; indicating the plant is not transgenic. Meanwhile, leaves of transgenic plants
remains unaffected to both concentration of BASTA. Further studies relating to level of gene
expression is also required. Apart of that, observations of the physiological changes over
generations are also important to be studied. The validation of gene expression in T2 and T3
generation of tomato transgenic for segregation patterns as well as stability and expression of

r-msAdhl in tomato are also necessary.
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CHAPTER FIVE

OVERALL CONCLUSION

The discovery of the full length of r-msAdhl cDNA from sago palm has prompted the work of
r-msAdhl expression in both prokaryote and eukaryote system. The molecular and proteomic
work of r-msAdh1 expression study in prokaryote system had been extensively explained and
discussed in chapter three. In that chapter, the reconstruction of r-msAdhl into expression
vector, pET-41a(+) and transformation of the newly construct; pET-41a(+)/r-msAdhl into
expression host, E. coli strain BL21 (DE3) had been described. In an attempt to obtain soluble
r-msAdhl protein, on O.Deoo reaching 0.5-0.6, expression was induced with IPTG (final
concentration 0.4 mM), and further cultured at different growth temperatures (15 °C and 27
°C) and periods (4 hours and 6 hours). SDS-PAGE analysis of the E. coli clear lysate revealed
a moderate amount of soluble recombinant protein was successfully expressed at 27 °C and 15
°C (4 hours) and the molecular mass was about 43-48 kDa. When catalysing activity of r-
msAdhl was assayed spectrophotometrically, higher absorbance compared to control over
time at 340 nm indicates that BL21 (DE3) was successfully expressed the r-msAdhl enzyme
that are able to reduce the NAD" to NADH. In spite of this successful expression, several
difficulties were encountered. First, BL21 (DE3) is known to have endogenous ADH3 (3.9
kD) in their cellular with size almost the same with expressed r-msAdhl protein (4.1 kD),
therefore rendered difficult direct identification of the r-msAdhl protein band on SDS-PAGE.
Thus, after SDS-PAGE analysis, further verification need to be done such as western blotting
to verify the presence of r-msAdhl protein band. Second, since r-msAdhl cDNA is eukaryote
gene, the insoluble and inactive r-msAdhl proteins are co-produced in a BL21 (DE3). Though

cytoplasmic folding is often enhance at low temperature, this is often accompanied by

96



misfolding and segregation into insoluble aggregates known as inclusion bodies. This is true
when insoluble fraction of BL21 (DE3) with r-msAdhl expression was analysed on SDS-
PAGE, very large amount of r-msAdhl protein was presence in insoluble fraction; thereby
indicating that most of the r-msAdhl protein produced as inclusion bodies when
overexpressed. Third, in silico analysis showed r-msAdhl protein to be hydrophobic with
Grand average of hydropathicity (GRAVY) of 0.006. The hydrophobicity of r-msAdh1l protein
may cause aggregation after cell lysis. Based on these findings, it can be concluded that the
expression of eukaryote gene in prokaryote system to obtain large amount of soluble r-
msAdh1l protein is difficult. Insufficient amount of soluble r-msAdhl protein may strongly
compromise downstream applications such protein purification using Ni-NTA Spin Column.
In this study, the purification of recombinant HIS-tagged r-msAdhl was partially achieved as
several bands were observed on SDS-PAGE. The significant challenge of using an organism
such as E. coli for expression of r-msAdhl cDNA is that it is a prokaryote based system;
therefore, lacks of post-translational machinery function and glycosylation. In addition, codon
bias and mRNA stability are other factors that could contribute to the unsuccessful expression
of eukaryote gene in prokaryote system.

Plant offers several advantages as host of expression such cheaper investment, high
expression and glycosylation ability which is more promising bio-platform system for
manufacture of recombinant protein compared to prokaryote system. Therefore, the expression
of r-msAdhl was also studied in plant system. In this study, tomato was chosen as host of
expression of r-msAdhl cDNA and in planta tomato seeds transformation using A.
tumefaciens strain LBA4404 was described in chapter four. In order to develop an easy, rapid
and efficient protocol for the tomato genetic transformation, without involving tissue culture,

tomato seeds were sonicated and infiltrated with A. tumefaciens harbouring plasmid
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pGSA1131 that contains r-msAdhl cDNA and bar gene as a selectable marker gene. Using
this method, the transformation efficiency produced was determined to be 33.33 % for r-
msAdhl and 46.67 % for bar gene. The results also showed that all the T1 progeny carried the
r-msAdhl cDNA. However, the integration analysis of r-msAdhl cDNA in tomato genome is
quite difficult since the identity of Adh2 of wild type tomato with r-msAdhl cDNA was high
(78 %). Nevertheless, the full length of r-msAdhl from transgenic plants was successfully
detected using 5 comseq Adh and 3 _comseq_ Adh primers combination. Meanwhile,
amplification of bar gene needed high annealing temperature ranging from 62.4 °C and 66.7
°C and by using High Fidelity enzyme mix. Nevertheless, the transformation protocol reported
here is simple and reproducible and may be adapted to other tomato cultivars. For the future
research, since the transformed plants are carrying bar gene in their genome, they can be
subjected the swab test using 2-4 mg/L of BASTA. Alternatively, transformed plants also can
be grown to maturity in the absence of any selection and then the progeny seeds can be
collected and germinated on BASTA containing media to identify transformed plants. In
addition, further studies relating to level of r-msAdhl expression in tomato genome as well as
physiological changes of transformed plants over generation and segregation pattern are
required. Besides, the stability expression of r-msAdhl cDNA in tomato is recommended to be

studied in the future.
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APPENDICES

A. Buffer preparation

Al) Sample Buffer (SDS reducing buffer)

Deionized water 3.55mL
0.5 M Tris-HCI, pH 6.8 1.25mL
Glycerol 2.5mL
10% (w/v) SDS 2.0 mL
Total volume 9.3mL

A2) SDS loading buffer
The SDS loading buffer was prepared by adding 50 pL -mercaptoethanol to 930 pL of

sample buffer prior to use.

A3) Buffer for purification under native condition

NP1-10* (Binding/lysis buffer for native condition, 20 mL

50 mM NaH2PO4 0.069 g (MW 137.99 g/mol)
300 mM NacCl 0.175 g (MW 58.44 g/mol)
10 mM imidazole 0.068 g (MW 68.08 g/mol)

NP1-20 (Wash buffer for native condition, 20 mL)

50 mM NaH2PO4 0.069 g (MW 137.99 g/mol)
300 mM NacCl 0.175 g (MW 58.44 g/mol)
20 mM imidazole 0.014 g (MW 68.08 g/mol)
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NP1-500 (Elution buffer for native conditions, 20 mL)

50 mM NaH2PO4 0.069 g (MW 137.99 g/mol)
300 mM NacCl 0.175 g (MW 58.44 g/mol)
500 mM

midazole 0.170 g (MW 68.08 g/mol)

All solution was adjusted to pH 8 using NaOH and filter sterilized (0.2 um).

B. Media preparation
B1) Difco™ LB Broth, Miller (Luria-Bertani)
To prepare 100 mL, 2.5 g of the powder was dissolved in 100 mL distilled water and then

mixed thoroughly. The solution was autoclaved at 121 for 20 minutes.

B2) Luria Agar (HIMEDIA)
To prepare 100 mL, 3.5 g of the powder was dissolved in 100 mL distilled water and then

mixed thoroughly. The solution was autoclaved at 121°C for 20 minutes.

B3) Infiltration media
Infiltration media was prepared by adding 0.5X Murashige and Skoog basal salt mixture
(SIGMA), 3 % sucrose, 0.5 g/L MES. The solution was mixed thoroughly and autoclaved at

121°C for 20 minutes.
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C. Preparation of antibiotic stock concentration

C1) Kanamycin, 100 mg/mL (Amresco)

To prepare 5 mL stock concentration of 100 mg/mL kanamycin; 0.5 g of kanamycin powder
was added in 5 mL sterile distilled water and mix thoroughly until dissolve. The stock

solutions then filter sterilized (0.2 um) and kept at -20°C.

C2) Rifampicin, 50 mg/mL (Phyto Technology Laboratories™)
To prepare 1 mL stock concentration of 50 mg/mL rifampicin, 0.05 g of rifampicin powder
was added in 1 mL methanol and mix thoroughly until dissolved. The stock solution was

kept at -20°C.

C3) Chloramphenicol, 100 mg/mL (DUCHEFA)
To prepare 1 mL stock concentration of 100 mg/mL chloramphenicol, 0.1 g of
chloramphenicol powder was added in 1 mL methanol and mix thoroughly until dissolved.

The stock solution was kept at at -20°C.
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D. Expression vector, pET-41a(+)
Plasmid map of pET-41a (+). Unique sites are shown on the circle map. Next to the Xhol restriction
site is histidine sequence that encodes for a string of eight histidine residues (shown by red arrow).

Image is provided by Novagen (EMD Milipore).

Xho | {174)
Eag | [182)
Not | [182)
Hind 1l {188)
Sal 1(185)
Sac | (206)
Pstlj214)
SseB38T | (214)
Asc | (218)
Stu 1 {226)
BsrG | {229)
EcoR | {235)
PinA I;2ez2) | BamH 1 {244)
Kpn l(zog) | EcoR V (251)
Bagl li{302) | Nco 1 {255)
Mun I(360) | PshA | (285)
Sac ll(263)

Spe l(424)

Swa 1{3aT)

Awr 1{131)
Bpu1102 Iiaa)

Dra {5881}

Sgf li4290) (150-173) Msc 1jaa7)
Pwvu 1(4800)
Sma l{4564) Nde I{1084)

Xba I{1132)

SgrA 1{1243)
Mru 1{4647) gra i{1243)

Sph 1{1388)
pET-41a(+)
EcoST li4333) (5933 Dp)
Al 1{4204)
BssS Ii3se1) Miu 1e24)
BsiE 1i2105)
Apa l(z135)
Bst1107 lj3s58)
Tih1 11 I(3533) Hpa I(24201
PspS lljz734)
pET-41a(+) sequence landmarks
T7 promoter: 1167-1183 HiseTag coding sequence: 150-173
T7 transcription start: 1166 T7 terminator: 2672
GSTeTag coding sequence: 436—1095 lacl coding sequence: 15742656
His*Tag coding sequence: 397414 pBR322 origin: 3850
SeTag coding sequence: 310-354 Kan coding sequence: 4559-5374

Multiple cloning sites (PshAl-Xhol):174-265 F1 origin: 5474-5921
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E. Plant binary vector, pGSA1131

The pGSA1131 used in this study was obtained from The Arabidopsis Information Resource
(TAIR). This binary vector is based on binary vector pPCAMBIA1200 and harbours coding
regions for B-glucuronidase (GUS) and herbicide resistance (Bar). Both of these genes are
under transcriptional control of a 35S Cauliflower Mosaic Virus (CaMV 35s) promoter of

approximately 200 bp in length. The map of binary vector pGSA1131 is showed below.

MAS 2' Promoter

pGSA1131
(9394 bp)
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F. Insilico analysis of r-msAdhl protein
In  silico analysis was  performed using EXPASY  ProtParam  tool

(http://web.expasy.org/protparam/). Results of the analysis are shown in table below.

Table A: Results of in silico analysis of r-msAdh1l using EXPASY ProtParam tool.

Elements Details

Number of amino acids 380

Molecular weight: 41211.4 dalton

Theoretical pl 5.87

Estimated half-life The N-terminal of the sequence considered is M (Met).

The estimated half-life is: 30 hours (mammalian
reticulocytes, in vitro).
>20 hours (yeast, in vivo).
>10 hours (Escherichia coli, in vivo).

Instability index The instability index (I1) is computed to be 30.76
This classifies the protein as stable.

Aliphatic index 81.03
Grand average of hydropathicity 0.006
(GRAVY):

115



G. Absorbance reading at 340 nm

The ADH catalytic activity was detected by monitoring absorbance changes at 340 nm. The
reaction was repeated for three times and data obtained is shown as below. Details about table:
A: Absorbance reading obtained from total protein of BL21 (DE3) transformed with pET-
41a(+), B: Absorbance reading obtained from total protein of BL21 (DE3) with r-

msAdhlexpression.

Time A (control) B
(minutes) 1 2 3 Mean 1 2 3 Mean
1 0.030 0.012 0.036 0.026 0.011 0.027 0.041 0.026
2 0.045 0.016 0.037 0.033 0.033 0.038 0.045 0.039
3 0.048 0.027 0.039 0.038 0.056 0.049 0.055 0.053
4 0.060 0.041 0.045 0.049 0.062 0.058 0.060 0.060
5 0.068 0.044 0.046 0.053 0.075 0.063 0.062 0.067
6 0.078 0.054  0.045 0.059 0.079 0.071 0.075 0.075
7 0.080 0.061 0.048 0.063 0.092 0.076 0.085 0.084
8 0.082 0.062 0.054 0.066 0.098 0.081 0.082 0.087
9 0.089 0.068 0.059 0.072 0.102 0.086 0.084 0.091
10 0.095 0.070  0.054 0.073 0.108 0.089 0.086 0.094
11 0.095 0.078 0.057 0.077 0.1120 0.090 0.095 0.098
12 0.100 0.087 0.064 0.084 0.118 0.100 0.103 0.107
13 0.103 0.093 0.069 0.088 0.121 0.110 0.110 0.113
14 0.107 0.095 0.072 0.091 0.129 0.111 0.114 0.118
15 0.113 0.100 0.083 0.099 0.131 0.120 0.120 0.124
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H. Student’s paired t-test

Is there significant difference between ADH catalytic activity obtained from sample of total
protein of BL21 (DE3) with r-msAdhl expression and BL21(DE3) transformed with empty

plasmid, pET-41a(+)?

Null hypothesis: There is no significant difference between ADH catalytic activity obtained
from sample of total protein of BI21 (DE3) with r-msAdh1l expression and BI21(DE3)

transformed with empty plasmid, pET-41a(+).

Alternative hypothesis: There is significant difference between ADH activity obtained from
sample of total protein of BL21 (DE3) with r-msAdhl expression and BL21(DE3) transformed

with empty plasmid, pET-41a(+).

The results of a paired t-test performed at 02:38 on 27-JUN-2015

t=-15.1
degrees of freedom = 14

The probability of this result, assuming the null hypothesis, is 0.000

Group A: Number of items= 15
0.193 0.213 0.265 0.346 0.362 0.398 0.438 0.466 0.498 0.510 0.543 0.607 0.651 0.671 0.736

Mean = 0.460

95% confidence interval for Mean: 0.3677 thru 0.5519
Standard Deviation = 0.166

Hi =0.736 Low = 0.193

Median = 0.466

Average Absolute Deviation from Median = 0.133

Group B: Number of items= 15
0.273 0.334 0.418 0.474 0.502 0.587 0.647 0.655 0.683 0.703 0.744 0.816 0.884 0.904 0.965
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Mean = 0.639

95% confidence interval for Mean: 0.5237 thru 0.7548
Standard Deviation = 0.209

Hi =0.965 Low = 0.273

Median = 0.655

Average Absolute Deviation from Median = 0.164

Group A-B: Number of items= 15
-0.233 -0.233 -0.229 -0.209 -0.209 -0.205 -0.201 -0.189 -0.189 -0.173 -0.153 -0.140 -0.128 -
0.121 -8.000E-02

Mean =-0.179

95% confidence interval for Mean: -0.2049 thru -0.1541
Standard Deviation = 4.589E-02

Hi = -8.000E-02 Low =-0.233

Median = -0.189
Average Absolute Deviation from Median = 3.567E-02

Since p-value is 0.000 <0.05, null hypothesis is rejected and alternative hypothesis is
accepted. There is significant difference between catalytic activity of ADH obtained from
sample of total protein of BI21 (DE3) with r-msAdhl expression and BI21(DE3) transformed

with empty plasmid, pET-41a(+).
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1) Similarity analysis of sago palm r-msAdhl with tomato Adh

Sequence homology search of r-msAdhl using NCBI BLASTN against the nucleotide

database of tomato (taxid:4081) in Genebank NCBI showed highest identity (78%) with Adh2

tomato.

Description

Max
score

Total  Query
score  cover

value

Identity

Accession

Solanum lycopersicum,
alcohol dehydrogenase
(ADH2), mRNA

Solanum lycopersicum,
cDNA, clone:
LEFL2007J14, HTC in
fruit

PREDICTED: Solanum
lycopersicum, alcohol
dehydrogenase 1
(LOC101261114),
MRNA

L.esculentum mRNA
for alcohol
dehydrogenase

Solanum lycopersicum
chromosome ch06,
complete genome

L.esculentum (de Ruiter
83G38) Adh2 gene

928

922

755

324

307

307

928 98%

922 98%

755 97%

324 33%

1035 94%

946 94%

0.0

0.0

0.0

4e-86

3e-81

3e-81

78%

78%

75%

79%

81%

81%

NM_001247170.1

AK326446.1

XM_004237682.2

X60600.1

HG975518.1

X77233.1
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http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4081%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=SWVH9DHK015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=1&HSP_SORT=1
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4081%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=SWVH9DHK015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=1&HSP_SORT=1
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4081%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=SWVH9DHK015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=2&HSP_SORT=1
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4081%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=SWVH9DHK015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=2&HSP_SORT=1
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4081%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=SWVH9DHK015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4081%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=SWVH9DHK015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4081%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=SWVH9DHK015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=0&HSP_SORT=0
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4081%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=SWVH9DHK015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&OLD_VIEW=false&DISPLAY_SORT=0&HSP_SORT=0
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=txid4081%20%5bORGN%5d&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Nucleotides&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=SWVH9DHK015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=11&DISPLAY_SORT=3&HSP_SORT=3
http://www.ncbi.nlm.nih.gov/nucleotide/350538690?report=genbank&log$=nucltop&blast_rank=1&RID=SWVH9DHK015
http://www.ncbi.nlm.nih.gov/nucleotide/225311507?report=genbank&log$=nucltop&blast_rank=2&RID=SWVH9DHK015
http://www.ncbi.nlm.nih.gov/nucleotide/19171?report=genbank&log$=nucltop&blast_rank=4&RID=SWVH9DHK015
http://www.ncbi.nlm.nih.gov/nucleotide/663681072?report=genbank&log$=nucltop&blast_rank=5&RID=SWVH9DHK015
http://www.ncbi.nlm.nih.gov/nucleotide/623248?report=genbank&log$=nucltop&blast_rank=6&RID=SWVH9DHK015

J. Sequencing results

(i) Multiple alignments were performed using ClustalW2 to confirm the amplicon obtained in
PCR using gDNA of Tol as a template is r-msAdhl gene. The r-msAdh1 specific forward and
reverse primers (5_Comseq_Adh and 3_Comseq_Adh) were used for nucleotide sequencing.

The result is shown below.

Forward primer: 5_Comseq_Adh

r-msAdhl
lst BASE 5 comseq Adh

ATGGCAAGCAGTGTTGGTCAAGTGATCAGATGCAGAGCGGCGGTCTCATG
—————————————————————————— NNNNNGCAN-GCG-CGGTCTCATG

50
22

* kK kkhkk AhkkkkKkAkk kKX Kk

r-msAdhl GGAGGCCGGGAAGCCGCTGGTGATGGAGGAGGTCGAGGTTGCGCCGCCGC 100

1st BASE 5 comseq Adh GGAGGCCGGGA-GCCGCTGGTGATGGAGGAGGTCGAGGTTGCGCCGCCGC 71
AKAKAKAKRAKAX AKX AKX AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR A KKK

r-msAdhl AGGCGATGGAGGTTCGGATGAAGATCCTTTATACTTCCCTCTGCCACACT 150

1st BASE 5 comseq Adh AGGCGATGGAGGTTCGGATGAAGATCCTTTATACTTCCCTCTGCCACACT 121
KKK KA KR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR R K

r-msAdhl GATGTCTACTTCTGGGAAGCTAAGGGCCAGACTCCTGTCTTTCCTCGGAT 200

1st BASE 5 comseq Adh GATGTCTACTTCTGGGAAGCTAAGGGCCAGACTCCTGTCTTTCCTCGGAT 171
KKK KA KR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR Ak kK

r-msAdhl CTTTGGCCATGAAGCTGGAGGGATTATAGAGAGTGTTGGGGAGGGTGTGA 250

1st BASE 5 comseq Adh CTTTGGCCATGAAGCTGGAGGGATTATAGAGAGTGTTGGGGAGGGTGTGA 221
KKK KA R AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR ARk Kk

r-msAdhl CTGAACTTGCACCAGGAGACCATGTCCTCCCTATATTCACTGGAGAATGC 300

1st BASE 5 comseq Adh CTGAACTTGCACCAGGAGACCATGTCCTCCCTATATTCACTGGAGAATGC 271
KKK KA KR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR Ak kK

r-msAdhl AAAGAGTGTGCTCACTGTAAGTCCGAGGAGAGCAACATGTGTGATCTCCT 350

1st BASE 5 comseq Adh AAAGAGTGTGCTCACTGTAAGTCCGAGGAGAGCAACATGTGTGATCTCCT 321
KKK KA KR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR ARk Kk

r-msAdhl CAGGATAAACACGGATCGGGGAGTGATGATCAATGATGGGAAATCGAGGT 400

1st BASE_5 comseq Adh CAGGATAAACACGGATCGGGGAGTGATGATCAATGATGGGAAATCGAGGT 371
- - - hkhkhkhkhkhkkhkhkhkhkhhkhhkhrhkkhkkhkhhkhhkhhkhrhkhkhkhhkrhkkhhkhrhkhkkhkhhrhkkhkkhhhhkhkx*x

r-msAdhl TCACTATCAATGGAAAGCCCATTTACCATTTCCTAGGAACATCCACTTTC 450

1st_BASE_5 comseq Adh TCACTATCAATGGAAAGCCCATTTACCATTTCCTAGGAACATCCACTTTC 421
- - - Ak hkhkhhkhkhkkhkhkhhkhhkhhkhhkkhkkhkhhkhhkhhkhrhkkhkkhkhhkhhkkhhkrhkhkkhkhhhkhkkhktxkxk*k

r-msAdhl AGCGAGTACACCGTTGTCCATGTTGGCTGTGTTGCCAAGATCAACCCCTT 500

1st BASE_5 comseq Adh AGCGAGTACACCGTTGTCCATGTTGGCTGTGTTGCCAAGATCAACCCCTT 471
- - - Ak hkhkh kA hkhkkhkhhkhhkkhhkhhkkhkkhkhhkhhkkhhkhrhkkhkkhkhhkhhkkhhkrhkhkkhkhhhkhkkhktxkk*k

r-msAdhl GGCTCCCCTTGATAAAGTTTGTGTTCTTAGCTGTGGCATTTCAACAGGAT 550

1st BASE_5 comseq Adh GGCTCCCCTTGATAAAGTTTGTGTTCTTAGCTGTGGCATTTCAACAGGAT 521

KA KK AR A A KA A A A AR AR A AR A A A AR A A A A A A AR A AR A A A A A A A A kA Ak h*k

120



r-msAdhl
1st BASE 5 comseq Adh

r-msAdhl
Ist BASE 5 comseq Adh

r-msAdhl
1st BASE 5 comseq Adh

r-msAdhl
1st BASE 5 comseq Adh

r-msAdhl
1st BASE 5 comseq Adh

r-msAdhl
lst BASE 5 comseq Adh

r-msAdhl
lst BASE 5 comseq Adh

r-msAdhl
lst BASE 5 comseq Adh

r-msAdhl
lst BASE 5 comseq Adh

r-msAdhl
1st BASE 5 comseq Adh

r-msAdhl
1st BASE 5 comseq Adh

r-msAdhl
1st BASE 5 comseq Adh

TTGGTGCGACTGTTAATGTTGCAAAACCACCAAAGGGATCGACGGTGGCT
TTGGTGCGACTGTTAATGTTGCAAAACCACCAAAGGGATCGACGGTGGCT

Ak Ak khkhhkhkh A hkhkhhkhkrhhkhkhhkhhkrhkhkrhkhkrhkhkhkhhkhkhrhkhkhkrkhkxkkx

GTTTTTGGCTTGGGAGCTGTAGGCCTTGCTGCTGCAGAAGGTGCTAGAGC
GTTTTTGGCTTGGGAGCTGTAGGCCTTGCTGCTGCAGAAGGTGCTAGAGC

Ak Ak khkhhkhkh A hkhkhkhkhrhhkhkhhkhkhkrhkhkrkhkhkrhkhkhkhhkhkhkrhkkhkhkrkhkxkkx

TTCAGGGGCATCAAGAATCATTGGTGTTGATGTGAACCCCAAGAGGTTTG
TTCAGGGGCATCAAGAATCATTGGTGTTGATGTGAACCCCAAGAGGATTG

KK A KK AR A AR AR A A AR AR A KNI AAA KA AN A XA A AN AR A A A AR A AR A K X k%K

AGGAAGCAATGAAGTTCGGTTGCGCGGAGTTTGTGAATCCAATGGACCAT
AGGAAGCAATGAAGTTCGGTTGCGCGGAGTTTGTGAATCCAATGGACCAT

KK AR KA KRR AR AR A A A A AR A KNI A A A A A A KNI AR A A A A A A A AR A A AR A A AR KK

GACAAGCCAGTCCAAGAGGTGATTGCTGAGATGACAAATGGTGGAGTTGA
GACAAGCCAGTCCAAGAGGTGATTGCTGAGATGACAGATGGTGGAGTTGA

AKKAKXKAKRKAAKRAKRKAAKAAAKRA KNI IAAAXAA A KNI XA A A A KN A hkAk kA hAk kA XAk Kk k%K

TCGAAGCGTTGAATGCACTGGCAACATAAATGCCATGATATCTGCATTCG
TCGAAGCGTTGAATGCACTGGCAACATCAATGCCATGATATCTGCATTCG

KKAKXKAKRKAAKRAXANKAAAAAKRA KNI IAAA XA KX AKX KAA AKX A AAAAA A A XA A AKX XK K

AATGTGTCCATGATGGCTGGGGTGTTGCTGTACTGGTTGGGG-TGCCTCA
AATGTGTCCATGATGGGTGGGCTGGTGCTGTACTGGGTGGGGGCGCCCCC

KAk AXKAkAAhkKkA hAkkAhkhkk K K kk Kk K A kK k*xkk kkxk**x *kk*kx% * Kk K

CAAA-GAAGCTGAGTTCAAAACCCACC-CTATGAACTTCCTTAAC-GAAA
CAAAAGAATCTGAGATCAACACCCACCTCTAGGAACTTCCATCACAGGAA

khkk Kk Khhkk Kkkhkhkkk Khkhkkk KAhkhkkhAkkkkk Kkk kkhkkhkkk kkAkkk Kk Kk Kk k%

GAACTCTTAA-GGGAACCTTC--TTTGGGAACTA--TAAACCGCGCTCTG
AAACTCGTAACGGGAACCCTTCATTTGCCAACTAATNAAACCGTCATCTG

kAhkkkk KAkk kkhkkkkkkKk K Kk kK Kk ok kK Kk kk Kk Kk

ACATTCCTGCAGTTGTTGAGAAGTACATGAACAAGGAGCTAGAATTGGAG
A-—---—- GCATT--——--————————=—- ACCGGAAGTTAGTAC--GAG
* *k Kk Kk * Kk *x kk kkk Kk * k k

AAGTTCATCACCCACAGTGTGCCTTTCTCTGAGATCAACAAGGCCTTTGG
AACTTC--CATGCAAAACCTGACATTC---GAA--—-—————————— TTGG

* Kk Kk K * K * Kk Kk * Kk kK kK% * K

600
571

650
621

700
671

750
721

800
771

850
821

899
871

946
921

991
971

* Kk Kk Kk

1041
995

1091
1027

* Kk Kk Kk

CTACATGCTCAAGGGGGAGAGCCTTAGGTGCATCATTCACATGGATGGT 1140

* Kk K Kk kK * *  x

121

1043



Reverse primer: 3_Comseq_Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
lst BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
lst BASE 3 Comseq Adh

r-msAdhl
lst BASE 3 Comseq Adh

r-msAdhl
lst BASE 3 Comseq Adh

r-msAdhl
lst BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

-——-ATGGCAAG----CAGTGTTGGTCAAGTGATCAGATGCAGAGC-GGC
NTTTAAGGCAAAGCACCGGTTGTGGTCAAGTGATCAGATGCAGAACCGGC

* KAk Kk kK * Kk x KhkAAKAAkAAhhk A khAkAh Ak kA khk *x * *%%

GGTCT-CATGGGAGGCC-GGGAAGCCGC-TGGTGATGGAGGAGGTCGAGG
GGTTTTCATGGGAGGCCCGGGAAGCCGCCTGGTGATGGAGGAGTTCGAGG

Khkk K KAKKkAAkAKRAAK* K*hkAhkAAkhkhAk Ak *AhAkxkhAkhAkk kK hAkhkkhkhk * *kkk*k%

TTGCGCCGCC-GCAGGCGATGGAGGTT-CGGATGAAGATCCTTT-ATACT
TTGCGCCCCCCGCAGGCGATGGAGGTNTCGGATGAAGATCCTTTTATACT

kAhkrkhkkhkk kk kkrkkkrkkkkhkkkkxk khkrhkkkhkkhkkrhkkhkkhk Kkxkkx

TCCCTCTGCC-ACACTGATGTCTACTTCTGGGAAGCTAAGGGCCAGACTC
TCCCTCTGCCCACACTGATGTCTACTTCTGGGAAGCTAAGGGCCAGACTC

kA hkhkhkhhkhk hhkrhkhkrhkhkhkhhkhhkrhkkhkrhkhkrhkhhkhkhkhkhkrhkhkhkhkrkhkxkkx

CTGTCTTTCCTCGGATCTTTGGCCATGAAGCTGGAGGGATTATAGAGAGT
CTGTCTTTCCTCGGATCTTTGGCCATGAAGCTGGAGGGATTATAGAGAGT

Ak Ak khkhkhhkhkhk Ak hkrhkhkrhkhkhkhhkhhkrhhkrhkhkrhkhkhkhkhkhkhkrhkhkhkrkhkxkkx

GTTGGGGAGGGTGTGACTGAACTTGCACCAGGAGACCATGTCCTCCCTAT
GTTGGGGAGGGTGTGACTGAACTTGCACCAGGAGACCATGTCCTCCCTAT

Ak Ak hkhkhhkhkk A hhkrhkhkrhkhkhkhhkhhkrhkhkrhkhkrhkhkhkhkhkhkhkrhkhkhhkhkrkhkxkkx

ATTCACTGGAGAATGCAAAGAGTGTGCTCACTGTAAGTCCGAGGAGAGCA
ATTCACTGGAGAATGCAAAGAGTGTGCTCACTGTAAGTCCGAGGAGAGCA

Ak Ak khkhkhhkhkkhk A hhkrhkhkrhkhkhkhhkhhkrhkhkrhkhkrhkhkhkhkhkhkhkrhkhkhkhkrkhkxkkx

ACATGTGTGATCTCCTCAGGATAAACACGGATCGGGGAGTGATGATCAAT
ACATGTGTGATCTCCTCAGGATAAACACGGATCGGGGAGTGATGATCAAT

Ak Ak khkhkhhkhkhk Ak hkrhhkrhkhkhkhhkhhkrhkhkrhkhkrhkhkhkhkhkhkhkrhkhkhkhkrkhkxkkx

GATGGGAAATCGAGGTTCACTATCAATGGAAAGCCCATTTACCATTTCCT
GATGGGAAATCGAGGTTCACTATCAATGGAAAGCCCATTTACCATTTCCT

KA KK AR AR KA AR A AR AR AR A AR AR A AR AR A AR A AR A A A AR AR A AR A XA,k

AGGAACATCCACTTTCAGCGAGTACACCGTTGTCCATGTTGGCTGTGTTG
AGGAACATCCACTTTCAGCGAGTACACCGTTGTCCATGTTGGCTGTGTTG

KA KK AR AR KA A AR AR AR KA AR A KRR AR A AR AR A AR AR A AR A AR AR A AR A XA,k

CCAAGATCAACCCCTTGGCTCCCCTTGATAAAGTTTGTGTTCTTAGCTGT
CCAAGATCAACCCCTTGGCTCCCCTTGATAAAGTTTGTGTTCTTAGCTGT

KA KK AR AR KR A AR AR AR A AR A KRR AR A AR AR A AR A AR A A A AR AR A AR A XA, K

GGCATTTCAACAGGATTTGGTGCGACTGTTAATGTTGCAAAACCACCAAA
GGCATTTCAACAGGATTTGGTGCGACTGTTAATGTTGCAAAACCACCAAA

KA KK AR AR KA A AR AR AR AR A AR AR A AR AR A AR AR A AR A AR AR A AR A XA,k

GGGATCGACGGTGGCTGTTTTTGGCTTGGGAGCTGTAGGCCTTGCTGCTG
GGGATCGACGGTGGCTGTTTTTGGCTTGGGAGCTGTAGGCCTTGCTGCTG

KA KR KA AR A A KA A A A AR AR A AR A A A AR A A A AR A AR A A A kA A A A A A hA kA Ak ko

CAGAAGGTGCTAGAGCTTCAGGGGCATCAAGAATCATTGGTGTTGATGTG
CAGAAGGTGCTAGAGCTTCAGGGGCATCAAGAATCATTGGTGTTGATGTG

KA KK AR A A AR A AR AR A AR A A A AR A AR A A A AR A AR A A A AR AR A AR A Ak Kk k

AACCCCAAGAGGTTTGAGGAAGCAATGAAGTTCGGTTGCGCGGAGTTTGT
AACCCCAAGAGGTTTGAGGAAGCAATGAAGTTCGGTTGCGCGGAGTTTGT

hhkrxhhkhkhhkhkhkhkhhkrhkhkrhkhkhhhkhkhkrhhkrhhkrhkhkhkhkhkhhkrhkkrkhhkrkxkkx

122

41
50

88
100

135
150

184
200

234
250

284
300

334
350

384
400

434
450

484
500

534
550

584
600

634
650

684
700

734
750



r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh
r-msAdhl

lst BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

r-msAdhl
1st BASE 3 Comseq Adh

GAATCCAATGGACCATGACAAGCCAGTCCAAGAGGTGATTGCTGAGATGA 784
GAATCCAATGGACCATGACAAGCCAGTCCAAGAGGTGATTGCTGAGATGA 800

hhkhk kA hkhk A hkkhkhhkhhhAhhkhkhkhkrhhkhkhhkhhkrhkhkrkhkdkrhkkhkhhkhkkhkxkkxkk*

CAAATGGTGGAGTTGATCGAAGCGTTGAATGCACTGGCAACATAAATGCC
CAAATGGTGGAGTTGATCGAAGCGTTGAATGCACTGGCAACATAAATGCC
ok ko k kK ok kK ok kK k kK ok ok ok ok ok ok k kK ok ok ok ok ok ok k kK ok ok ok ok ok ok ok k kK ok kK
ATGATATCTGCATTCGAATGTGTCCATGATGGCTGGGGTGTTGCTGTACT

ATGATATCTGCATTCGAATGTGTCCATGATGGCTGGGGTGTTGCTGTACT
ok ok ok kK Kk Kk ok ok ok ok ok kK kK ok ok ok ok kR kK ko ok ok kK kK ko ok ok ok kK kK Kk ok

GGTTGGGGTGCCTCACAAAGAAGCTGAGTTCAAAACCCACCCTATGAACT

GGTTGGGGTGCCTCACAAAGAAGCTGAGTTCAAAACCCACCCTATGAACT
ok ko ok kK ok kK ok ok kK ok kK ok ok ok ok ok ok ok kK ok ok ok ok ok ok k kK ok ok ok ok ok ok ok k kK ok ok K

TCCTTAACGAAAGAACTCTTAAGGGAACCTTCTTTGGGAACTATAAACCG
TCCTTAACGAAAGAACTCTTAAGGGAACCTTCTTTGGGAACTATAAACCG

hhkhkhkhkhkhk A hkkhkhhkhhhAhhkhkhkhkrhkkhkhhkrkhkrhkhkrhkdkrhkkhkhhkhkkhxkkxkk*

CGCTCTGACATTCCTGCAGTTGTTGAGAAGTACATGAACAAGGAGCTAGA
CGCTCTGACATTCCTGCAGTTGTTGAGAAGTACATGAACAAGGAGCTAGA

khkhkhkhkhkkhkrhkhkhkhhkhhk A hhkrhkkhkrhkhkhkhhkhkhkrhkhkrhkhkrhkhkhkhhkhkhkxkhkxkkx

ATTGGAGAAGTTCATCACCCACAGTGTGCCTTTCTCTG-AGATCAACAAG

ATTGGAGAAGTTCATCACCCACAGTGTGCCTTTCTCTGTAGATCAACAAG
Kok ok ok ok ok ok ok ok ok k ok k ok ok ok ok ok ok ok k ok ok kok ok ok ok ok k ok ok ok kokk ok ok & okok ok ok ok kK ok ok ok

GCCTTTGGCTACATGCTCAA-GGGGGAGAGCCTTAGGTGCATCATTCACA

GCCTT-GGCTACATGCTCAACGGGGNNGNG-=-=-=====——=—=—————————
kokkkk kkkkkhkkkkrxkkkk Kkkkk Kk k

TGGATGGT 1140

123

834
850

884
900

934
950

984
1000

1034
1050

1083
1100



(ii) Multiple alignments were performed using ClustalW2 to confirm the amplicon obtained in
PCR using gDNA of Tol as a template is bar gene. The bar specific forward and reverse
primers (BAR3_F and BAR3_R) were used for nucleotide sequencing. The result is shown
below.

Forward primer: BAR3_F

Bar ATGAGCCCAGAACGACGCCCGGCCGACATCCGCCGTGCCACCGAGGCGGA 50
lst BASE BAR3 F  —==—- NNNAACATGATTATTGTTCGAC-—-—-—-———————————————— GGA 25
- - - * * kK * * Kk Kk k * Kk Kk
Bar CATGCCGGCGG-TCTGCACCATCGTCAACCACTACATCGAGACAAGCACG 99
lst BASE BAR3 F -~ATGCCGGCGGATCTGCACCATCGTCAACCACTACATCGAGACAAGCACG 74

KEAKAKAKAKAAKAK KAAAKAAKRAXAKAAAA AR AR A A A A XA A AN A AR A A A AR A XA KKK

Bar GTCAACTTCCGTACCGAGCCGCAGGAACCGCAGGAGTGGACGGACGACCT 149
1st BASE BAR3 F GTCAACTTCCGTACCGAGCCGCAGGAACCGCAGGAGTGGACGGACGACCT 124
B - - Kok ok ok kK K Kk ko ok ok kK Kk ko ko ok ok kK ko ko ok ok ok ok Kk ko ok ok kK K Kk kK
Bar CGTCCGTCTGCGGGAGCGCTATCCCTGGCTCGTCGCCGAGGTGGACGGCG 199
lst BASE BAR3 F CGTCCGTCTGCGGGAGCGCTATCCCTGGCTCGTCGCCGAGGTGGACGGCG 174
B - - Kok ok ok kK K Kk ko ok ok kK Kk ko kK ok kK ko ok ok ok ok Kk ok ko ok ok kK K Kk ok kK
Bar AGGTCGCCGGCATCGCCTACGCGGGCCCCTGGAAGGCACGCAACGCCTAC 249
lst BASE BAR3 F AGGTCGCCGGCATCGCCTACGCGGGCCCCTGGAAGGCACGCAACGCCTAC 224

khkhkhkhkhkkhkrhkhkhkhhkhkhkhAhhkrhkkhkrhkhkhkhhkhhkrhhkrhkhkrhkkhkhhkhkhkxkhkkxkkxx*x

Bar GACTGGACGGCCGAGTCGACCGTGTACGTCTCCCCCCGCCACCAGCGGAC 299
lst BASE BAR3 F GACTGGACGGCCGAGTCGACCGTGTACGTCTCCCCCCGCCACCAGCGGAC 274

kA hkhkhkhkkhkrhkhkhkhhkhkhkhAhhkrkhkhkrhkhkhkhhkrhkrhhkrhkhkrhkkhkhhkhkhkrhkhkxkkx

Bar GGGACTGGGCTCCACGCTCTACACCCACCTGCTGAAGTCCCTGGAGGCAC 349
lst BASE BAR3 F GGGACTGGGCTCCACGCTCTACACCCACCTGCTGAAGTCCCTGGAGGCAC 324

khkhkhkhkhkkhkrhhkhkhhkhkhhAhhkrkhkhkrhkhkhkhhkrhkrhkkhkrhkhkrhkkhkhhkhkhkxhkxkkx

Bar AGGGCTTCAAGAGCGTGGTCGCTGTCATCGGGCTGCCCAACGACCCGAGC 399
lst BASE BAR3 F AGGGCTTCAAGAGCGTGGTCGCTGTCATCGGGCTGCCCAACGACCCGAGC 374

kA hkhkhkhkkhkrhhkhkhhkhkhkhAhhkrkhkhkrhkhkhkhhkrhkrhkkhkrhkhkrhkhkhkhhkhkrhkhkxkkx

Bar GTGCGCATGCACGAGGCGCTCGGATATGCCCCCCGCGGCATGCTGCGGGC 449
lst BASE BAR3 F GTGCGCATGCACGAGGCGCTCGGATATGCCCCCCGCGGCATGCTGCGGGC 424

kA hkhkhkhkkhkrhkhkhhhkhkhkhAhhkrhkhkrhkhkhkhhkrkhkrhkhkrhkhkrhkkhkhhkhkhkrhkxkkx

Bar GGCCGGCTTCAAGCACGGGAACTGGCATGACGTGGGTTTCTGGCAGCTGG 499
lst BASE BAR3 F GGCCGGCTTCAAGCACGGGAACTGGCATGACGTGGGTTTCTGGCAGCTGG 474

hkhkhkhkhkhkhkrhkhkhkhhkhkhrhhkrhkhkrhkhkhkhhkrkhkrhhkrhkhkrhkhkrkhhkrkrhkhkxkkxx

Bar ACTTCAGCCTGCCGGTACCGCCCCGTCCGGTCCTGCCCGTCACCGAGAT- 548
1st BASE BAR3 F ACTTCAGCCTGCCGGTACCGCCCCGTCCGGTCCTGCCCGCCACCGAGATA 524

KA kA A A A A A A A A A AA AR A AR AR AR A A Ak A A A A Ak A hkdxk* kA hk K rkkx%
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Reverse primer: BAR3_R

Bar —-—--ATGAGCCCAGAACGACGCCCGGCCGACATCCGCCGTGCCACCGAGG 46
1st BASE BAR3 R TTTTATGAGCCCCAAACGACGCCCGGCCGACATCCGCCGTGCCACCGAGG 50
Kok okokokok ok kK ok ok ok ok ok kK ok ok ok ok ok ok ok kK ok ko kK kK K Kk kR ok ok ok ok K
Bar CGGACATGCCGGCGGTCTGCACCATCGTCAACCACTACATCGAGACAAGC 96
1st BASE BAR3 R CGGACATGCCGGCGGTCTGCACCATCGTCAACCACTACATCGAGACAAGC 100
Kk ok ok ok kK kK K Kk ok ok ok kK K Kk ok ok ok ok kK Kk ok ok ok kK kK kK kK K Kk K ok
Bar ACGGTCAACTTCCGTACCGAGCCGCAGGAACCGCAGGAGTGGACGGACGA 146
1st BASE BAR3 R ACGGTCAACTTCCGTACCGAGCCGCAGGAACCGCAGGAGTGGACGGACGA 150
%k ok ok ok kK kK kK ko ok ok kK K K ko ok ok kK Kk ok ok ok ok K kK kK ok K K K kK ok
Bar CCTCGTCCGTCTGCGGGAGCGCTATCCCTGGCTCGTCGCCGAGGTGGACG 196
1st BASE BAR3 R CCTCGTCCGTCTGCGGGAGCGCTATCCCTGGCTCGTCGCCGAGGTGGACG 200
%k ok ok Kk K K Kk Kk ok ok ok kK K K ko ok ok ok kK Kk ok ok ok ok K kK ok kK kK K K kK ok
Bar GCGAGGTCGCCGGCATCGCCTACGCGGGCCCCTGGAAGGCACGCAACGCC 246
l1st BASE BAR3 R GCGAGGTCGCCGGCATCGCCTACGCGGGCCCCTGGAAGGCACGCAACGCC 250
B - - Kk ok ok ok ok K kK Kk Kk ok ok kK Kk ko ok ok ok ok K K ko ko ok ok kK kK ok K K K ok K ok
Bar TACGACTGGACGGCCGAGTCGACCGTGTACGTCTCCCCCCGCCACCAGCG 296
1st BASE BAR3 R TACGACTGGACGGCCGAGTCGACCGTGTACGTCTCCCCCCGCCACCAGCG 300
B - - Kk ok ok ok ok K kK Kk Kk ok ok ok K Kk ko ok ok ok K Kk ko ok ok ok kK kK ok K K K ok Kk
Bar GACGGGACTGGGCTCCACGCTCTACACCCACCTGCTGAAGTCCCTGGAGG 346
lst BASE BAR3 R GACGGGACTGGGCTCCACGCTCTACACCCACCTGCTGAAGTCCCTGGAGG 350
Kok kK K K K K ok ok ok ok k kK ok Kk ok ok ok ok K kK ko ok ok ok kK Kk ko ok ok ok kK kK K K ok ok ok ok
Bar CACAGGGCTTCAAGAGCGTGGTCGCTGTCATCGGGCTGCCCAACGACCCG 396
lst BASE BAR3 R CACAGGGCTTCAAGAGCGTGGTCGCTGTCATCGGGCTGCCCAACGACCCG 400
Kok kK kK K K ok ok ok ok Kk kK Kk ok ok ok ok k kK ko ok ok ok kK kK ok ok ok ok ok kK kK Kk ok ok ok
Bar AGCGTGCGCATGCACGAGGCGCTCGGATATGCCCCCCGCGGCATGCTGCG 446
lst BASE BAR3 R AGCGTGCGCATGCACGAGGCGCTCGGATATGCCCCCCGCGGCATGCTGCG 450
Kok kK K K K K ok ok ok ok K kK kK ok ok ok kK Kk ko ok ok kK K K K ok ok ok ok ok ok kK K Kk ok ok ok
Bar GGCGGCCGGCTTCAAGCACGGGAACTGGCATGACGTGGGTTTCTGGCAGC 496
lst BASE BAR3 R GGCGGCCGGCTTCAAGCACGGGAACTGGCATGACGTGGGTT-CTGGCAGC 499

hhkrhkhkhkhhkhkhhhkhkrhkkhkrhkhkhkhhkhkhkrhkhkrhkhkrkhkhkhkhhkhkhkrkhk hhkrxkxkkx

Bar TGGACTTCAGCCTGCCGGTACCGCCCCGTCCGGTCCT-GCCCGTCACCGA 545

1st BASE BAR3_R TG-ACTCCA---TGCT-—---- CGACGCG---AATACTAGAACATNN---- 533
*k kkkx k%K * k x **x x k% * kkx % * %

Bar GAT 548

1st BASE_ BAR3 R ---

125



(iii) Multiple alignments were performed using ClustalW2 to confirm the amplicon obtained in
RT-PCR using first strand cDNA of T:K as a template is r-msAdhl gene. The r-msAdhl
specific forward and reverse primers (5_Comseq_Adh and 5 msAdhl_R) were used for

nucleotide sequencing. The result is shown below.

Forward primer: 5_Comseq_Adh

r-msAdhl ATGGCAAGCAGTGTTGGTCAAGTGATCAGATGCAGAGCGGCGGTCTCATGGGAGGCCGGG 60

Ist BASE ADH 5cq ————————————————————————-—-- NNANANACAACGGCGGTCTC-TGGGAGGCCGGG 32
* Kk ok kkkkkkkkkk Kk kkkkkk kKKK

r-msAdhl AAGCCGCTGGTGATGGAGGAGGTCGAGGTTGCGCCGCCGCAGGCGATGGAGGTTCGGATG 120

1st BASE ADH 5cg A-GCCGCTGGTGATGGAGGAGGTCGAGGTTGCGCCGCCGCAGGCGATGGAGGTTCGGATG 91

Kk kkkhkkhkhkk Ak kA hhkrhhkhkhhkhhkhhhkrhhkrhhkhkhhkrhkhkhhkhkhkhkrhkhkrhhkrhkkhkhkdxhkxk

r-msAdhl AAGATCCTTTATACTTCCCTCTGCCACACTGATGTCTACTTCTGGGAAGCTAAGGGCCAG 180
1st BASE ADH 5cg AAGATCCTTTATACTTCCCTCTGCCACACTGATGTCTACTTCTGGGAAGCTAAGGGCCAG 151

Ak hkhkhkhkhhkhkh Ak hhkhhkrhhkhhhkrhkhkhhhkhhkrhhkhhhkrhkhkhhhkhhkrhkkhkrhhkrhkkhkhkxkxx

r-msAdhl ACTCCTGTCTTTCCTCGGATCTTTGGCCATGAAGCTGGAGGGATTATAGAGAGTGTTGGG 240
lst BASE ADH 5cg ACTCCTGTCTTTCCTCGGATCTTTGGCCATGAAGCTGGAGGGATTATAGAGAGTGTTGGG 211

Ak hkhkhkhkhhkhkhkhkhhkhhkhkrhhkhkhhkhhkhkhhkrhhkrhhkhkhhkrhkhkhhkrhkhkrhkkrhhkrkkhkkhkhhkxk

r-msAdhl GAGGGTGTGACTGAACTTGCACCAGGAGACCATGTCCTCCCTATATTCACTGGAGAATGC 300
lst BASE ADH 5cg GAGGGTGTGACTGAACTTGCACCAGGAGACCATGTCCTCCCTATATTCACTGGAGAATGC 271

hhkhhkhkhkhhkhkhkhhhkrhkhkrhhkhkhhkhhkhkhhkrhhkrhhkhhhkrhkhkhhkrhhkrhkhkrhhkrkhkhkhkdxhkxk

r-msAdhl AAAGAGTGTGCTCACTGTAAGTCCGAGGAGAGCAACATGTGTGATCTCCTCAGGATAAAC 360
lst BASE ADH 5cq AAAGAGTGTGCTCACTGTAAGTCCGAGGAGAGCAACATGTGTGATCTCCTCAGGATAAAC 331

KA AR AR A A A AR A AR A AR AR A AR AR A A A A AR AR A AR AR A AR AR A A A A AR AR A AR A A ARk kK

r-msAdhl ACGGATCGGGGAGTGATGATCAATGATGGGAAATCGAGGTTCACTATCAATGGAAAGCCC 420
1st BASE ADH 5cq ACGGATCGGGGAGTGATGATCAATGATGGGAAATCGAGGTTCACTATCAATGGAAAGCCC 391

KA AR AR A AR A AR AR A AR A AR AR AR A A A A AR AR A AR AR A AR AR A A A A AR AR A AR AR Ak kK

r-msAdhl ATTTACCATTTCCTAGGAACATCCACTTTCAGCGAGTACACCGTTGTCCATGTTGGCTGT 480
lst BASE ADH 5cq ATTTACCATTTCCTAGGAACATCCACTTTCAGCGAGTACACCGTTGTCCATGTTGGCTGT 451

KA AR AR A AR A AR AR A AR A A A AR A AR A A A A AR AR A AR A R A AR AR A AR A AR AR A AR AR XK kK

r-msAdhl GTTGCCAAGATCAACCCCTTGGCTCCCCTTGATAAAGTTTGTGTTCTTAGCTGTGGCATT 540

1st BASE ADH 5cqg GTT-——-AA-—————————— - m 456
- - - * K Kk * *

r-msAdhl TCAACAGGATTTGGTGCGACTGTTAATGTTGCAAAACCACCAAAGGGATCGACGGTGGCT 600

1st BASE ADH 5CQ ——————— =~~~ —— -

r-msAdhl GTTTTTGGCTTGGGAGCTGTAGGCCTTGCTGCTGCAGAAGGTGCTAGAGCTTCAGGGGCA 660
Ist BASE ADH 5Cg ———————~—~—~~—- -~ " oo

r-msAdhl TCAAGAATCATTGGTGTTGATGTGAACCCCAAGAGGTTTGAGGAAGCAATGAAGTTCGGT 720
1st BASE ADH 5CQ ————————————— -~
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r-msAdhl

1st BASE ADH 5cq

r-msAdhl

1st BASE ADH 5cq

r-msAdhl

1st BASE ADH 5cq

r-msAdhl

1st BASE ADH 5cq

TGCGCGGAGTTTGTGAATCCAATGGACCATGACAAGCCAGTCCAAGAGGTGATTGCTGAG 780

ATGACAAATGGTGGAGTTGATCGAAGCGTTGAATGCACTGGCAACATAAATGCCATGATA 840

TCTGCATTCGAATGTGTCCATGATGGCTGGGGTGTTGCTGTACTGGTTGGGGTGCCTCAC 900

AAAGAAGCTGAGTTCAAAACCCACCCTATGAACTTCCTTAACGAAAGAACTCTTAAGGGA 960

Reverse primer:5_msAdhl R

r-msAdhl
lst BASE ADH R

r-msAdhl
1st BASE ADH R

r-msAdhl
lst BASE ADH R

r-msAdhl
1st BASE ADH R

r-msAdhl
1st BASE ADH R

r-msAdhl
1st BASE ADH R

r-msAdhl
1st BASE ADH R

r-msAdhl
1st BASE ADH R

r-msAdhl
1st BASE ADH R

—--ATGGCAAGCAGTGTTGGTCAAGTGATCAGATGCAGAGCGGCGGTCTCATGGGAGGCCG

TTATGGCAAGCAGTGTTGGTCAAGTGATCAGATGCAGAGCGGCGGTCTCATGGGAGGCCG
ok K ok ok kK ok kK ok kK ok ok ok ok kK ok kK ok ok ok ok kK ok ok ok ok ok ok ok k ko ok ok ok ok kK ok kK ok ok ok ok ok kK ok

GGAAGCCGCTGGTGATGGAGGAGGTCGAGGTTGCGCCGCCGCAGGCGATGGAGGTTCGGA
GGAAGCCGCTGGTGATGGAGGAGGTCGAGGTTGCGCCGCCGCAGGCGATGGAGGTTCGGA

Ak hkhkhkhkhhkhkkhkhhhkhhkhkrhhkhkhhkhhkhhhkrhhkrhhkhkhhkrhkhkhhkrhkhkrhkhkrhhkrhkkhkkhkhhkxk

TGAAGATCCTTTATACTTCCCTCTGCCACACTGATGTCTACTTCTGGGAAGCTAAGGGCC
TGAAGATCCTTTATACTTCCCTCTGCCACACTGATGTCTACTTCTGGGAAGCTAAGGGCC

Ak hkhkhkhkhhkhkkhkhhhkhhhkrhhkhkhhkhhkhkhhkrhhkrhhkhhhkrhkhkhhkrhkhkrhkkhkrhkhkrhkkhkkdxhkxk

AGACTCCTGTCTTTCCTCGGATCTTTGGCCATGAAGCTGGAGGGATTATAGAGAGTGTTG
AGACTCCTGTCTTTCCTCGGATCTTTGGCCATGAAGCTGGAGGGATTATAGAGAGTGTTG

hhkhhkhkhkhhkhkkhkhkhhkrhkhkrhhkhkhhkhhkhhhkrhhkrhhkhhhkrhkhkhhkrhhkrhkhkrhhkrkhhkhkdxhkxk

GGGAGGGTGTGACTGAACTTGCACCAGGAGACCATGTCCTCCCTATATTCACTGGAGAAT
GGGAGGGTGTGACTGAACTTGCACCAGGAGACCATGTCCTCCCTATATTCACTGGAGAAT

KA AR AR A AR A AR AR A AR A AR AR A KR A IR A AR AR A AR A A A AR AR A A A A AR A AR A AR AR Ak kK

GCAAAGAGTGTGCTCACTGTAAGTCCGAGGAGAGCAACATGTGTGATCTCCTCAGGATAA
GCAAAGAGTGTGCTCACTGTAAGTCCGAGGAGAGCAACATGTGTGATCTCCTCAGGATAA

KA AR AR A AR A AR AR A AR A AR AR A A A A A A AR AR A AR A A A AR AR AR A A AR AR A A AR AR Ak kK

ACACGGATCGGGGAGTGATGATCAATGATGGGAAATCGAGGTTCACTATCAATGGAAAGC
ACACGGATCGGGGAGTGATGATCAATGATGGGAAATCGAGGTTCACTATCAATGGAAAGC

KA AR AR A AR A AR AR A AR A AR AR A KR A IR A AR AR A AR A A A AR AR A A A A AR A AR AR AR Ak kK

CCATTTACCATTTCCTAGGAACATCCACTTTCAGCGAGTACACCGTTGTCCATGTTGGCT
CCATTTACCATT-CCTAG-AAC-TCCATTT-—————————————=——————— AGGNAGGCN
Kk kkkkkkkkkk kkkkk kkk kkkk *k * ok Kk ok

GTGTTGCCAAGATCAACCCCTTGGCTCCCCTTGATAAAGTTTGTGTTCTTAGCTGTGGCA
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