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Abstract

Flooding is a worldwide phenomenon in wetland and river

areas. Excess water in the soil could produce anoxic soil condition.
Sago palms in Sarawak can be found on mainly waterlogged
areas. These plants are able and possibly have evolved a system
for overcoming the anoxic/hypoxic conditions especially in the
root section. Here we report the detection and activity of Adh
gene in sago palm. The Adh enzyme was isolated, analysed on
polyacrylamide and agarose gel, and detected by specific Adh
staining. We found that Adh is present in all sago tissues and
three variants are present based on migration on gel. We also
utilised the polymerase chain reaction method to generate the
PCR products by using primers that are designed from other
plant species. Genomic DNA was used for this purpose and four
PCR fragments were generated and the nucleotide sequence were
determined. Preliminary results of nucleotide sequence analysis
indicated that at least three types of Adh genes are present in
sago.

Keywords: Adh, anaerobic, genome walk, Metroxylon sagu, PCR

Abbreviations: M — molar

mM — milimolar
EtBr — ethidium bromide
rpm - rotation per minute
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Introduction

Sago palms in Sarawak can be found on mainly swampy/
waterlogged areas. Plants living in this condition seemed to be
able and subsequently have evolved a system of overcoming
the anoxic/hypoxic conditions of the soil. As a way to
survive, plants living in waterlogged areas develop various
morphological, anatomical and physiological adaptations
(Rozema and Verkleij, 1991). Previous researches have shown
that plants in general are able to adapt to the low-/no- oxygen
conditions by switching its metabolism from pyruvate to
ethanolic/fermentative pathways.

Flooding is a phenomenon that is encountered worldwide,
especially in wetland and river plain areas. The roots of plants
that thrive in these areas eventually suffer from hypoxia
or anoxia. Most plants are obligate aerobes and need a
constant supply of oxygen to function. However, some plants
are resilient and have evolved to overcome the flooding
phenomenon. Various proteins can be produced in response
to the low- or no- oxygen conditions by the roots. Among the
proteins that are activated to respond are sucrose synthase
and a amylase that are involved in breaking down sucrose
(Springer et al., 1986; Martin et al., 1993; Perata et al., 1993).
Another protein, namely 1-aminocyclopropane-1-carboxylic
acid synthase biosynthesises ethylene, an adaptive molecule
that is involved in various responses, such as in the formation
of aerial shoots (Olson et al., 1995). Proteins that are involved
in the glycolysis are also induced such as hexokinase (Fox
et al., 1998), fructose-1,6-biphosphate, aldolase (Dennis et
al., 1988) and glyceraldehyde-3-phosphate (Sachs et al.,
1996). Subsequently, proteins that are involved in the alcohol
fermentation pathway are also activated such as pyruvate
decarboxylase and lactate decarboxylase (Kelly, 1989) that
forms lactic acid as end-product, and alcohol dehydrogenase
(Freeling and Bennett, 1985) that produces ethanol.

Sago palm thrives in flooded conditions and its adaptation
to this condition may have involved the evolution of Adh gene.
The phenomenon of flooding has been shown to increase the
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alcohol dehydrogenase (ADH) activity of clover roots to as
much as 30 times (Francis et al., 1974). Therefore Adh genes
and its activity can be used as an indicator of anaerobic
respiration in sago palm and the gene may have evolved over
the years to overcome the anoxic/hypoxic conditions of the
roots.

Materials and Methods

Plant material

Therootand leaf samples were collected from the University
of Malaysia Sarawak (UNIMAS) plant house to request sago
palms growing under dry condition. For waterlogged and
completely submerged conditions, samples were collected
from sago palms in Padawan, Sarawak.

Protein extraction

Samples were ground in liquid nitrogen prior to addition
of extraction buffer containing 75 mM of Tris-HCI buffer
pH 7.5, 5% of sucrose, 5% of polyvinyl pyrrolidone (PVP)-
40, 14mM of mercaptoethanol, 50mM of ascorbic acid, 10
mM of diethyldithiocarbamate (DIECA) and 0.1% of bovine
serum albumin (BSA) (Wendel & Weeden, 1990). The samples
were then centrifuged at 5,000 rpm for 15 min at 40°C. The
supernatant was collected and re-centrifuged at 13,000 rpm
for 4 min to get rid of the remaining debris. The extracted
samples were stored at —-80°C until further use.

Protein detection

Proteins were separated on polyacrylamide gel with
5% stacking gel and 12% separating gel. Tris-glycine buffer
(pH 8.8) was used as running buffer with a voltage of 120V
at 40°C. Following electrophoresis, the gels were stained
with Coomassie Blue for protein visualization (Bollag and
Edelstein, 1991). Protein concentration was determined by
Bradford assay (Bradford, 1976) using Coomassie (Bradford)
Protein Assay Kit as specified by the manufacturer (Pierce).
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Enzyme staining

Enzyme was analysed on 1% agarose gel electrophoresis
for Adh and specific activity staining was conducted as
recommended by Cho et al. (1999).

DNA and RNA isolation

Genomic deoxyribonucleic acid DNA was extracted using
the cetyltrimethyl ammonium bromide (CTAB) method
described by Doyle and Doyle (1990) with some modifications.
The DNA was stored in -30°C until needed.

DNA quantification

Extracted DNA was analysed on 1% agarose gel
electrophoresis and then quantified using a spectrophotometer
to assess for DNA quality, quantity, and also protein and
polysaccharide contamination.

Primer design

Primers for Adh screening were designed by aligning
various Adh sequences from other species using Primer3
software and synthesis from Morton et al. (1996). Sequence of
primers used is listed in Table 1.

Table 1. The sequence of primers used in the PCR work.

Primer name and sequences Tm °C

MorAdh-F 55
5 GGG TGC TGT AGG CCT TGC - 3’

MorAdh-R 48
5 - GAT ATC TGC ATT TGA ATG CG - 3’

Cloning of PCR fragments

Polymerase chain reaction (PCR) fragment was cloned
into pGEM-T easy vector (Promega), and transformed into
E. coli JM109 via standard heat shock method. Colony PCR
and restriction endonuclease method have been undertaken
to confirm the positive clones that carry the inserted gene of
interest.
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Sequencing and alignment

Fragments that were generated from the PCR were sent
for sequencing to a sequencing company using ABI DNA
sequencer. Sequencing was carried out either directly from
gel purified PCR fragments or on cloned plasmid DNA
preparations. The sequences obtained were aligned using
European Bioinfomatics Institute’s ClustalW multiple
alignment software and searched for similar sequences using
the National Center for Biotechnology Information’s (NCBI)
BLAST.

Results and Discussion

Protein detection

Proteins in the sago samples could be detected successfully
with Coomassie blue staining. Bright protein bands were
observed for all the samples (Figure 1). All samples displayed
multiple banding patterns, indicative of intact proteins.

Figure 1. Coomassie Blue Staining for Protein
Detection. Lanes 1-3 represents proteins from dry
root samples (upper, middle and bottom parts
respectively). Lane 4 is yong shoot whereas lane 5is
older leaf. Lanes 6-8 are proteins from submerged
roots (upper, middle and parts respectively)

ADH specific staining

The ADH enzyme was subjected to agarose gel
electrophoresis at 4°C with a voltage of 100V. Bands were
observed after the specific staining for ADH was undertaken
(Figure 2). White bands, indicative of superoxide dismutase
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(SOD) expression were present when the samples were
incubated under light exposed condition. SOD enzyme was
used as control.

<~y
SOD
activity

—
SOD
activity

Figure 2. ADH & SOD Staining. Lanes 1-3 represents
proteins from dry roots (upper, middle and bottom
parts respectively). Lanes 4-6 are submerged
root samples (upper, middle and bottom parts
respectively). Lanes 7 and 9 are yound sago roots
whereas lane 8 is an old leaf

The samples displayed three banding pattern; Fast, Middle
and Slow, based on migration of ADH protein on agarose
(Figure 3). Different tissues of sago also express the ADH
enzyme with the highest expression located in young leaves
while the lowest in older leaves. Three types of Adh enzymes
were detected in dry and waterlogged root samples. The dry-
root samples” upper and middle section contain only Adh-
middle while bottom-root section contain both Adh-middle
and Adh-fast. The waterlogged root samples contain the Adh-
slow and Adh-middle in the upper- and middle-root sections,
while Adh-middle and Adh-fast was observed to be present
in the bottom-root sections. The young shoot samples seemed
to contain all Adh forms and is highly-expressed, while for
the old leaf sample, only Adh-middle was observed. These
indicated that different sections of the root produce different
Adh. This may indicate other stress factors that activate the
Adh genes.
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Figure 3. Zymogram representation of Figure 2 showing the Fast, Middle
and Slow submit of ADH. Lanes 1-3 represent proteins from dry roots
(upper, middle and bottom parts respectively). Lanes 4-6 are submerged
root samples (upper, middle and bottom parts respectively). Lanes 7 and 9
are young sago shoots whereas lane 8 is an old leaf

DNA and RNA extraction

Good quality DNA have been successfully isolated
and subsequently used in the optimisation of annealing
temperatures for PCR work. The Mor-series primers produced
fourbanding patterns. The bands were approximately 1,700bp,
1,200bp, 750bp and 300bp of molecular weight sizes (Figure
4). The PCR products were cloned into pGEM-T and sent for
sequencing.

Figure 4. Agarose gel analysis of PCR product using primer
set Mor-series. Lane 1 represents the PCR product M1, M2, M3
and M4. Meanwhile Lane 2 is 1IKb DNA ladder (Fermentas)
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Sequence analysis

The sequences generated from the fragments are listed
in figures 5-8 below. Similarity to other plant sequences was
conducted using BLASTn (NCBI). All of the sequence resulted
in similarity to other Adh genes such as that from Washingtonia
robusta, Calamus usitatus, Vitis vinifera, Arabidopsis thaliana,
Fragaria x ananassa (data not shown).

GGATTGGET GOT GTAGGE CTT G0 AT AGCT AGALAT COTCC A CATTTT AT CCTTTT R
BAAT ATCAGT GAGGCTT FEAAGTT FAT GAFARTT ACTTTGAGTT 66T C AGT AT CT C ARAT
GLABAFAAT GAT CAGT CCCCAGAACCACCT AACCAGGT GAT GAC CATTT GAFART CACAC
TCACARTCCAAACAT 0 AGAAAC ACECAGAT CCOT AT L AGT CATT ARAAGET COT CACT AG
TAGCTCAXT GTT CCAL AAFACAT ACTTTT O AT GAALAAGAGEGAT AFCT FCAACAGCT A
BAAATTCTTC ACT CAT GAT CAGAAT GACAARAC CAGCACTGGOTT GACC ATTTT AAC ABAT
CAAACTATC AAACTTTATTTTCAT GCTACCT GECAGGEGTT T FRACACD AGT ACAAARR
CAATTCACCT GETTEACCCTET AL AT AT ACAALGC AAGCTT 6T GGCC ARTT AAGEGT
ACCAGRAAGACATTT AAGCACC AFCAAC AT AFRAAC ARGETTT CCOATT AAGGAGT CATT

TOTTGOCT FACATCCGCCATETT FCCAGET ACTCGEAAFTEACTCCOCT OO AR
GTCCATATCC CAGAT L AARGACT ATTCT 0T AAGCC ANT CAT GAC AAC AACTCTCOT ARd
TTC TTETCCACCCT BT CTCAGT FECT ALCCOAGATTCCARCOR

COATTTCCAART GCTTTTTCATTT GEGGAGTT GEAAT ARGAT CT GAAALTT GCCT GOCGE
AT GEEEAAT GETTFACTT COAAFAAAT G ALALGET CHECEGEEEEEGAAT CARTC ATTTE
CTTATTTTG5AACCEFAT GEACCTTT GEALTTTTT CGEAAXTTTTT AAALARAGAATTTC
GGTTGTCALAT AACAAAAATTTTTT AAATT CCT AAAAGTTT AAARAAAGC COGGLT AhAS
AAAGTTAAAACATTTT GTTCCCCCTTT CEGT FARALARACCCCC ACGGEERAACTTTT G
GEGECCCT ARARARAGEIIT FEAAALAATTTTT HAFGETTTTTTTT
GECCECCCCTTTTTTTTTTAGCCT COT AT C ARRAALAARARAATTTTTTTTTT ARAAARS
AARATTTTTTTCCOGGGEGO0ARAT BT

Figure 5. The M1 sequence generated about
1167bp long using leaf DNA as template

FEATTE CLT G TRTACCC TTE CAR AL TR ATC ATCAT CLCAACCTTII TACTRATLIC A
ATATCT GLTTC ATTTATCAATL CTC TG TTT TTATTTTT GLC AA TR TTE T WAT FAL AR A
AAALLCAATALAAAACTTL AL CARAL TTE RAAAAGTTALATC AL CAL T TITTAL LT
AT [TATCTTT ALA CARTE GG ATTTT ThFART A FUT FAL TT A58 TTHTA FTT TAA FET
TAT FCTTET GC CATTTTTE CTTARATATTE TEC TTGCA LTI TTATTAIT LAATT RAATCA
CAGTAATEE BT GLT CAATT GAT GhaAL LAG LAL TATAL GALTT CTATTTTT ECATCTTAR
ATAACTTITTATTL CTCTAATTTTATE TTTACT ARALL TIT CTATTTEL CAATT GATATT
ATEAAAALT CATITTTRAAALGTTLC TAAAA FTETCATT ATC TTAAA CATTAATT TTT /T
FEAATTCTE CCATCTTLTE TAAATATE PATAATAT LT [ TEAAAAALAAL DT TAATAT
TCCACT AT, TT GATAAC CT GG ATATATTT TL AR AAT (TA A TTAFAT FTC
TTTLTTTCT LT GTAAALTA LA TTCTATT WA TTTTT CAC A3 CTTTTL A3 CTRAALTTT
CTTTTATTATC ATAATCCL CTTACT TTATATAARALGAAL CTTTT CAAALTIT CCCART
TT& AL TAATT BRATCCTE FTETTT A8 TATATE FTCAL TIL AL AAFARATE TRT [TCART
BATARAGLT L TRE GLGRAATAACT L GG FEE GE GGG FTT, I ETTT R
CEGEGE TTTTT &84 GEALG GGL CELAALLE CEL CECCTTIE [C AR TLLTT FAL GAT T
AGTTCCTITCAALC CTTTLH LG CCACT CAAATT CCTTT THAALAMATTE G CCCCTO IO L
TTT ekl CCT bl G0 CAALT COT CTT TEATT TRA TAAAA FAATT TTT T G AGL CLALCA
AL OO CE GO0 TTAAA LT ACC CC LG TATTTTTT TTC CCALT CAL bk bLh GATTET

TTTTITTITCCCCCCCC e bk e G TCTTTTTTCCCCCOCCACC CLAARA
AFAFEECTTTTCOC COC GG GhL TITTT ey reeee
CAATTTATAAAL AL AAAMATET LT

Figure 6. The M2 sequence generated about
1046bp long using leaf DNA as template

TTGEET GOT 5T & TTGOCAACCTGET CTTT GACT GATTT ACT CAACAA
AAGCATFOTTTTCT GGGEAT. AL AGAGTT T ARACAACGEAGA
AAGATCOGT AGAGAAAAGAAGC AGCCGEAGET AACC AGGAATT GAC CATT GOT GG GHAG
AGGEAFAAGTTTT SCTTGAATT CTTT GTT 6T € ACGT CAGGGCC AT 6T CATT GAC AbAhs
GOTTGCOGACT CCACGOT CT 6T GEATTT AGCTT AAAL AT G50 T AFGCC ARACTTTT Ga
TTHFAGT ACAT 0 AACCCAACT AAGCT AGCAAGAFAAGARALTT AAGCT CAAGAACTT &5
GTTEGT AT ATT HGT 50 ATTTTT CT AT AT GAT £ GAC ACTT CAT GAAC COTTT AT AT C 2452
TTCAAAAGAT ACAACCAT CTT GECAACTT AT COCGTTCAGTTTCACCT AGAAGAD AAFGA
ATGECAATT 2AGGTGT AFACCAT AGGGAGCTT GTT ATTTTT CT CTT CT 53T GETT £ ATTT
TACARGCTAGTGT GEECT FEACAGCAGFAGAAGC ACT AT C AGAGC AT AARACCACAT GA
GTTEAT AAAAACARGT CAMTT AGTTT ATCAACTTTCCAT CCAT ACACART CHCATTC Al
TECAGATATCR

Figure 7. The M3 sequence generated about
671bp long using leaf DNA as template
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GEAATTTCOTTACHET AT GOA TGTC& TCTCT AT ACCAAGAT CAGFATCAAG
GETCHT FALACCAT AL AAGT AT AT 6T GCAGCCGCT GAAGGAT CHCTATCOC CARGITAD
T AT AT ATTGT ATTTC GAC AATGAT AAT GTCCTC AAACTCAT ACACGATGEGOCC FAGATT
TCCAGDAT AT AT ACT GHCCCAT AACT GATT ACACT 6T GATT 6T FAAT GEAAGFACGACAT
BCAMT AGT AGCAGET AT GCAGT AT CEATCAGAT CEGAAGGOTT FTTT CAAGT FACCTGT
TOGCATTC ARAT GO AFAT ATCAXT COT GEEOTC AAGT AFCHEACT AT ACATT GARCCALA
CTCAAT FATT AT AAFAARGETGCCTGCCCTTCTT ACATTGCTT CCTTTTTT ATTTTTGTT

GACCCCACTCOCACCCTTT GTTT 660 CTTGGE6AGTTT AANCTT CTTCCCC ACTTTTT A4
BETCCTCTOT CACTTTCT ANCT GAT GTGEGAACT CCAT AAAT CAATCG
TTATTTCTCT CTCTT CACCATCAT 6TT A3ATT CTT GTETTCCT CCRFAT O0CC

Figure 8. The M4 sequence generated about
595bp long using leaf DNA as template

M1, M2 and M3 fragments were aligned to one another to
look at the nucleotide similarities between the sequences. A
conserved region of 23bp (sequences shown with asterix in
Figure 9) was observed in all fragments. This region is highly
conserved in Adh from other plant species. Alignment of these
fragments indicated that the fragments generated are different
in their 3’ nucleotide sequence (Figure 9). This indicates the
possibility that three different Adh genes based on genomic
sequences are present in sago palm.

Conclusion

We have demonstrated that the Adh gene is present and
active in sago palm. This conclusion can be derived from the
isozyme staining of Adh on agarose. The enzyme is present
in all tissues but the activity varies depending on tissue
type. The ADH zymogram indicated three different isozyme
bands based on migration. PCR work have generated three
unique sequences and analyses of these sequences showed
the presence of a conserved region, similar to the Adh genes
in other plant species. Therefore possibly three different Adh
genes are present in sago palm based on the 3" nucleotide
sequences. Current work is in progress to further isolate the
genomic full length of all three putative Adh genes of sago
palm.
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M1-T7 ------ GGATTGGGTGCTGTAGGCCTTGCAGAATAGCTAGAARATCCTCCACCATTTTATC

M3-T7 GCCGCGGGATTGGGTGCTGTAGGCCTTGCCAACCTG-————— GTCTTTGACTGATTTACT

M2-T7 =-=--=-=-- GGATTGGGTGCTGTAGGCCTTGCAAAGTGC ------ ATCATCATCCCAACCTTT
roviarivniraniesniininiininivdeinning % *

M1-T7 CTTTTGAAATATCAGTGAGGCTTGGAAGTTGATGAGAATTACTTTGAGTTGGTCAGTATC

M3-T7 CAACAAAAGCA----TGCTTTTCTGGGGATAAGGAAAGCAAC--AGAGTTGAA-ARAAAA

M2-T7 CTAGTGATGCCAATATGTGGTTCATTTATCAATGCTCTGTTTTTATTTTTGGC-AATGCT
* * % * * % ey *

M1-T7 TCAAATGCAAAGAATGATCAGTCCCCAGAACCACCTAACCAGGTGATGAC--CATTTGAG
M3-T7 T. CAACGGAG, GATCCGTAGAG. GARGC--AGCCGGAGGTAAC--CA---GGA
M2-T7 TGTGGATGAGAAAAAAAGCAATAGAAAACTTCAGCCAAACTTGGAAAAGCTACATCAGGG

M1-T7 AATC— ACACTCACAATCCARACATCAGAAAC---ACGCAGATCCCTATCAGTCATT

M3-T7 ACCATTGCTGGCGGAGAGGGAGAAGTTTTGCTTGAATTCTTTGTTGTCACG

M2-T7 ACTGTTTTAGCTGATCCTATCTTTACACAATAGGCATTTTTGGAATAGGCTGACTTAAAT
* * % s * %

M1-T7 AAAAGGTCCTCACTAG--TAGCTCAATGTTCCACAAGACATACTTTTC-CATGAAAAAGA

M3-T7 TCAGGGCCATGGTGAT--TGACAAAAAGCTTGCCGACTC-CACGCTCT-CGTGGATTTAG

M2-T7 TGTAGTCTAAGGTTATGCTTGTGCCATTTTTGCTTAGATATTCTCCTTGCACTTTTATTA
* * * * * * * *

M1-T7 GGGATAGCTGCAACAGCTAAAATTCTTCACTCATGATCAGAATGACARAACCAGCACTGG

M3-T7 CTTAAACATGGCCTAGGCCAAACTTTTGATTGG-----. AGTACATCCAACCCA--ACTAA

M2-T7 CTCAATTGAACCACAGTAATCCGTGGTCAATTGATGGAACCAGCACTATAGGAGTTCTAT
* *x x ok x ok * x * x * *x

M1-T7 CTTGACCATTTTAACAAATCA--AACTATCAAACTTTATTTT-CATGCTACCTGGCAGGG

M3-T7 GCTAGCAAGAGAAGAAAATTA--AGCTCAAGAACTTAGGTTGGTATATTGGTGCATTTTT

M2-T7 TTTTCCATGTTAAATAACTTTTTATTGCTCTAATTTTATCTT---TAGTAARAGCTCTCTA
* % * xk % * Piafanies * Pl

M1-T7 GT-TCTGGACAGCAGTAGAAAAACAATTCACCTGGTTGACCCTGTGACATGAATACAAAG

M3-T7 CTATATGATCGACACTTCATGAACCCTTTATATCAAGATTCAAAAGATACAACCATCTTG

M2-T7 TTTGCCAATTGATATTATGAAAAGTCATCTTTGAAAGTTGCTAAAAGTGTCATCATCTTA
* * % i * * * %

M1-T7 CAAGCTTGTGGCCAATT-AAGGGTACCAG. GACATTTAAGCACCAGCAACACAG.

M3-T7 GCAACTTGTC-CCGTTC-AGTTTCACCTAGAAGACAAGGAATGGCAATTAAGGTGTAGAC

M2-T7 AACATTAATTTTTGGTGGAATTCTGCCATGTTGTCTAARATATGGATAATATGCTCTGAGA
x % PR s * % * * %

M1-T7 AA--GGTTTCCCATTAAGGAGTCATTCTCTTGCCTGACATC-CG--CCATGTTGCCAGCT

M3-T7 CATAGGGAGCTTGTTATTTTTCTCTTCTGATGGTTCATTTTACA--AGCTAGTGTGGGCT

M2-T7 ARAGAAGCTCTAATATTCCACTGATAAAAAAAATTGATAACCTGGCATATATTTTCGAAA
* * * * - P

M1-T7 GGGCGACTCGGAAGTGACTCCC CTCCGAAGTCCATATCCCAGATCARAGACTATTGTGC

M3-T7 GGACAGC--AGGAG. CACTG-ATCAGAGCAT. CCACATG----AGTTGATAARAARA

M2-T7 ATGTAGATTAGATGTCTTTCTTTCTCTGTAAAGTACAGT TGTATTGGAGTTTTTCACAA
* x * wx o x * *x *

M1-T7 TAAGCCAATGATGACAACAACTCTCCTAAATTCAGGGGAACTTGTCCACCCTGGGGGGGC

M3-T7 CAAGTCAATTAGTTTATCAACTTTCC---ATCCATACACAATCG--CATTCAARATGCAG—

M2-T7 CTTTTCAACTGAAGTTTCTTTTATT ~ATCATAATCCCCTTAGTTTATATGAAAAGGA
kx * * x ok * *

M1-T7 GTCTCAGTGGCTACCCCAGATTCCAGCCGCCCATTTCCAAGTGCTTTTTCATTTGGGGAG

M3-T7 ATATCA

M2-T7 ACCTTTTCAAAGTTCCCCAACTTACAATAATTGGATCCTGGTG-TTCAATATATGGTCAC
*

M1-T7 TTGGAATAAGATCTGAAAATTGCCTGCCGAATGGGGAATGGTTGACTTCCAAGAAATGAA
7

M2-T7 TCCACAAGAARATCT---ATCTCAGTAATARAGGTCCTGGGGGGAATAACTGCGGGGGGGG

M1-T7 AAGGTGGGGGGGGGGGGAATGAATCATTTCCTTATTTTGGAACCGGATGGACCTTTGGAA

M2-T7 GGGGTTAAAAGGAAARAAGTTTGGGCGGGGCTTTTTARAGGAGGGGCCGGAAGGCCCCCC

M1-T7 TTTTTCGGAAATTTTTAAAAAAAGAATTTCGGTTGTCAAATAACAAARATTTTTTAAATT

M2-T7 CCTTCCCCAAATGGTTCAGGATCTGAGTTC--CTTTCAACCCTTTGCGGCCACCCAARATT

M1-T7 CCTAAARAGTTT GCCCGGCT. GTT. CATTTTGTTCCCCCTTTGGG
ﬂg:gz CCTTTTGAAGAAATTGGCCCCCTCCCCTTTGGGCGTGGGGCCAACCCCTGTTTGATTTGA
M1-T7 TG. CCCCCACGGGGGAAGTTTTGGGGGGCCCT. GGCCTGG. TTT
ﬁg:¥; TAAAAGAATTTTTTGGGCAGCCCACCAAGGGGGCCCC———===- GGCCTTAAAGGCA---

M1-T7 TTCCCCAAGGGTTTTTTTTGGGCCCCCCCCGGCCGCCCCTTTTTTTTTTAGCCTCCTATC

M2-T7 --CCCCGGGTATTTTTTTTCCCACCCAGGGGGGGATTGTTTTTTTTTTCCCCCCCCARAA

M1-T7 AAAAAAAAAAAAATTTTTTTTTT------------ AAAARARARAATTTTTTTCCCGGGG

M2-T7 ARAAGGGGGGGGGGTGTTTTTTCCCCCCCCACCCCARAAAGAGGGGTTTTCCCCCCGGGE
M1-T7 GCCABRATGTNNNNNNNTTNNNNNCCCCCCCCCCCCCCCCCCONNGC===m=mmmmmm=mm

M2-T7 GGGGTTTTTT. GGGCCC. CCCCCCARATTTAT TG

Figure 9. Multiple alignment of M1, M2 and M3
fragments using T7 sequencing primers. Asterix
(*) indicate nucleotide that are similar in all
sequences.
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