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Recent studies have reported the presence of inulin, a prebiotic polysaccharide, in
gembili (Dioscorea esculenta). Sucrose:sucrose 1-fructosyltransferase (1-SST) is an
enzyme that catalyzes the first step of inulin biosynthesis. The identification of this
enzyme would be the foundation to improve the yield of inulin in gembili; to modify
1-SST gene for this purpose, its sequence must first be determined. This study aimed
to design primers to isolate 1-SST gene from D. esculenta. The primers were designed
by using the whole-genome sequence of Dioscorea rotundata due to the lack of
genomic information on D. esculenta. Sequences from chromosome 6 and 11 were
used as the template of primer design in which four pairs of primers were selected.
Amplification products with expected size were gel-purified, then the targets were
sequenced and analyzed in-silico. As a result, one of the primer pairs had successfully
isolated vacuolar invertase gene, which is closely related to 1-SST gene. On the other
hand, the other primer pairs showed either negative or false-positive result. Using the
current strategy, 1-SST gene sequence from D. esculenta has not been successfully
isolated, thus other approaches in primer design should be considered in further studies.

1-SST, Dioscorea esculenta, Gembili, Inulin, Primer design

The tuber of a local Indonesian plant called gembili (Dioscorea esculenta) has been
found to contain inulin up to 14.77% dry weight [1]; this, and the fact that inulin is high
in demand, encouraged Indonesian scientists to conduct further studies. Inulin is a
type of fructan polysaccharide that is commonly found in dicot plants as their natural
storage carbohydrates. Its main feature is its indigestibility in human enzymatic digestion
system which makes it a good candidate for a prebiotic agent. Aside from its prebiotic

function, inulin can also be used as a carbohydrate-based fat substitute which is used
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to increase viscosity, water-holding capacity, mouthfeel, and texture as well as promote
gel formation in food products [2]. It could also be used to replace sugar to lower
caloric value in chocolates, dairy products, and meat products [3] According to Inkwood
Research (2017), the global market for inulin is projected to increase with CAGR of 9.5%
from 2018 to 2026. Asia-Pacific is believed to be the fastest-growing region for the
market and Indonesia is one of the countries that demand a high amount of inulin to
expand its food and non-alcoholic beverages market for the next five years. Indonesia
has always imported its inulin supply. Therefore, studies about inulin production in

gembili are conducted in Indonesia in the hope of producing inulin on its own.

Due to its many functions, the demand for inulin is high. Usually, inulin is extracted
from chicory roots (Chicorium intybus) which is easily available in some countries, except
Indonesia. Its biosynthesis has also been studied using chicory roots as the model
plant. Two main fructosyltransferase enzymes are responsible for the biosynthesis:
sucrose:sucrose 1-fructosyltransferase (1-SST) and fructan:fructan 1-fructosyltransferase
(1-FFT) with sucrose as the precursor [4]. The role of these fructosyltransferase is to
transfer fructosyl units from one sucrose molecule to another, resulting in fructose
polymer. These enzymes contain glycoside hydrolase 32 protein family along with
several other enzymes such as invertase and inulinase [5]. 1-SST enzyme catalyzes the
first reaction in which two sucrose molecules are converted into trisaccharide 1-kestose.
1-FFT enzyme then catalyzes the transfer of fructosyl onto the 1-kestose from another
1-kestose, other fructans, or a sucrose molecule depending on the plant species ([6]; [4]
Since the information of its biosynthesis is available, the production of inulin in gembili
can be manipulated by using genetic modification. However, genetic information of the
enzymes in gembili is needed in order to do that.

Furthermore, the gembili plant itself is not well studied; there are no whole genome
sequence available for this species which is needed to design a specific primer. Thus
far, there are two whole genome sequences of the Dioscorea genus; the Dioscorea
rotundata and Dioscorea alata. Though the whole genome sequence of Dioscorea
rotundata has the highest assembly level, there are still no annotations and gaps still
exist. With this in mind, potential candidates of 1-SST in Dioscorea is needed to be
found in-silico. Therefore, this study aims to design primers to isolate 1-SST gene from

Dioscorea esculenta using Dioscorea rotundata genomic sequence as the template.

DOI 10.18502/kls.v5i2.6445 Page 129



KnE Life Sciences
IC-BIOLIS

2.1. Sample preparation

Gembili tubers (D. esculenta) was bought from a traditional market in Malang, East
Java. They were cultivated until roots, branches, and leaves were produced. Leaves
and branches were ground into a fine powder using liquid nitrogen and PVPP. The DNA
sample was then extracted using Genomic DNA Mini Kit (Plant) (Geneaid, Taipei, Taiwan).
The species of the tubers was confirmed by isolating the DNA barcoding sequence

(MaturaseK) which was analyzed in-silico before proceeding to further procedure.

2.2. Primer Design

Since the genomic information of D. esculenta is not available, genomic data of D.
rotundata was chosen as the template of primer design due to the fact that they are
closely related. However, the whole genome was not annotated yet thus it was not
possible to find 1-SST gene directly. Further procedure was needed to predict the
location of 1-SST gene within the whole genome sequence of D. rotundata.

Several 1-SST sequences from eight different plant species (Figure 1) were aligned
using MUSCLE in UGene workbench to find the conserved region among them. The
resulting sequence alignment was used as an input for Hidden Markov Model (HMM) to
build an HMM3 profile using UGene workbench. The HMM3 profile was then searched
against the whole genome information of Dioscorea rotundata using nhmmer com-
mand in terminal ("HMMER," n.d)[17]. Using Conserved Domains (NCBI), the candi-
date sequences were analyzed for the presence of conserved protein domains inside.
Primers were designed using PrimeQuest Tool (Integrated DNA Technologies). The

recommended primers were tested against genomic data of D. rotundata.

K¥308453.1 Taraxacumn brevicorniculatum |G| A AT TET TeeAaTET seeT T CE

KY306452.1 Taraxacum kok-saghyz caavTTEET TEC AT ETACCETTE
EUS45648.1 Cichorium intybus -l - BT BTl - - - - - - - -
AM407402. 1 Lobhum perenne oA A VT

cﬂcchCTCCCTCTcE

LC121825.1 Alium cepa ColacTEIEICTacaTETRECCTRTCEBICE A TE
FI228689.1 Thticum aestivum CAATTTAATTTT CETTCEAA AT CTTETT
FI487050.1 Aegiops tauschr isolate TEAGST G G CCTTG
AB158786.1 Tribcum aestivum TCACTE EC CTTGG

Figure 1: Preview alignment of several 1-SST sequences from different plant species.

2.3. 1-SST gene isolation

Amplification of the isolates were done using PCR with Tag Mix Red (PCR Biosystems,
London, UK) using Thermocycler (Applied Biosystems, USA). PCR mix composition and
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PCR condition for this study are shown in Table 1 and Table 2, respectively. After the
isolates were amplified, they were visualized using agarose gel electrophoresis at 100V
for 60 minutes using 1.5% (w/v) agarose gel (Lonza, Basel, Switzerland) dissolved in 1x

TAE buffer. The resulting gel was visualized using GeneSys transilluminator.

TABLE 1: PCR mix composition for isolation of genes.

Component Volume (ul)
2x PCRBIO Tag Mix Red 5
Forward Primer 1
Reverse Primer 1

LFE]

Template DNA

Total Volume 10

TABLE 2: PCR conditions for each primer pair.

matk Mf-Fr Chr Chri1
PCR Stage Temp Time Temp Time Temp Time Temp Time
(°C)  (sec) (°C)  (sec) (°C) (sec) (7C) (sec)
Initial denaturation g5 &0 a5 60 a5 60 g5 60
Denaturation 95 15 95 15 95 15 95 15 n
An nea!ing 52 15 52-57 15 50-54 15 50-54 15 E
=
Extension 72 90 72 a0 72 a0 72 a0

After they were amplified, visualized, and size-confirmed, the PCR products were
purified and inserted into pGEM-T Easy Vector (Promega, USA) using DNA ligase. The
vector was then transformed into competent Escherichia coli and plated onto LB agar.
Colony confirmation was done by using blue-white screening and PCR using insert-
specific primers. Once confirmed, plasmids were extracted from the colony to be sent

for sequencing.

2.4. Insertion and Transformation

Ratio of 5:1insert:vector was used during the ligation of insert to the pGEM-T Easy vector.

The inserted vector was then transformed into competent DH5A E. coli by heat shock
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method in order to produce cells containing targeted insert. After the transformation,
confirmation using colony PCR was done by using insert-specific primers. Colony PCR
was done by picking a single colony, submerging the colony into the PCR master mix,
and attempting PCR using the optimum condition. The result of PCR was then visualized
by agarose gel electrophoresis. The colony that had been submerged into the PCR
master mix was directly inoculated on to a fresh LB agar to conserve the confirmed

colony.

2.5. 1-SST gene confirmation

The resulting sequences were aligned to form consensus sequences and then analyzed
using BLASTn (NCBI) against the NCBI database. Parameters such as query cover, E-
value, and identity percentage were taken into consideration in choosing the best hits

in order to confirm the genes.

3.4. Primer choices

The result from HMM was able to find two candidates of 1-SST in Dioscorea (Figure
2). By looking at the E-value, the best hits were in chromosome 11 (E-val: 4e-204) and
chromosome 6 (E-val: 2.9e-144). Both sequences contain glycoside hydrolases family
32 domain, which is the main protein family of 1-SST and invertase. Thus, both of the
sequences were used as a candidate 1-SST gene and used as the sequence template
for primer design. Primer pairs with the best specificity and coverage were chosen for

1-SST gene isolation Table 3.

3.2. Isolation of 1-SST gene using primers from chromosome 6

Since the PCR conditions for the primers were not optimized yet, the first trial of 1-SST
gene isolation was done by using the primers' determined melting temperatures as
the annealing temperature. The average melting temperature for both of the primers
(6A and 6B) is 54°C. Aside from using gembili DNA sample, onion DNA sample was
also used to check whether or not the primers were working well since 1-SST gene
sequence from A. cepa (onion) was used in the multiple sequence alignment during

primer design.
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TABLE 3: List of primer pairs used.
Primers Primer sequence (5° — 37) Product size
(kb)*

6A Forward CACTGATGAGAGGAGGGATTTG 923
Reverse CCGGATCGAATCTCATAGCTTAC

6B Forward GGTTGAGTGTTTGGTGTTGTATT 1129
Reverse AGGAGATGGATGTTGGGATTG

11A Forward AGATCCGAATGGTGAGTTCTTC 1004
Reverse AAGAGAGAGAAGCGTGAATGG

11B Forward CCATTCACGCTTCTCTCTCTTT 968
Reverse CCTGCTTCTCCAGGTTTGAATA

# nhmmer :: search a DNA model or alignment against a DNA database

® HMMER 3.1b2 (February 2815); http://hmmer.org/

# Copyright (C) 2015 Howard Hughes Medical Institute.

# Freely distributed under the GHU General Public License (GPLv3),

B om om e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e =

& query File: hirern , hmm

# target sequence database: rotundata_genomic. fra

# number of worker threads: 4

B oo om e omom e m e e mom e m e om e e e om e e e e e e om e e om

Query; Multiple_alignment [M=2013]

Seores for complete hits:
E-value score bias Sequence start end Description
de-204 682.7 ©.9 EDMISI®OEO11.1 469817 473359 Dioscorea rotundata DNA, contig: Chromoscme_11 P1_11_P2_9,
2.9¢-144 4B84.3 8.0 EDMIOLI220885.1 5758430 5755711 Diocscorea rotundata DNA, contig: Chromosome 86 PL 6 P2 6,
3.4e-35 122.8 9.6 EDMIeI@OGe1e.1 280037 288757 ODlioscorea rotundata DNA, contig: Chromosome 18 P1_1@ P2_14
6.7e-34 118.5 8.3 EDMIOI®BBE86.1 5759714 5759279 Dioscorea rotundata DHA, contig: Chromosome_86_P1_6_P2_6,
1.1e-24 B8.@ 9.1 EDMIS1OG0888.1 18499625 18459364 ODioscorea rotundata DNA, comtig: Chromosome B8_P1_B_P2_11,
§.92-18 65.1 3.8 EBEDMIS1OS0881.1 3398892 3398679 Dioscorea rotundata DNA, contig: Chromosome 81 _P1_1 P2 18,
1.9&-17 bd.@ 5.4 EDHMIgl®88018.1 9546681 9546806 Dioicorea rotundata DNA, contig: Chromosome 18 P1_18 P2 14

Figure 2: Preview output of nhmmer with inputs of 1-SST multiple sequence alignment from different species
and whole genome sequence of Dioscorea rotundata. Chromosome 11 has the lowest E-value, indicating
higher significance.

Gene amplification with an annealing temperature of 54°C resulted in a very faint
band with the size of approximately 1 kb from Gembili DNA sample using 6B primers
(Figure 3). However, amplification using 6A primers from Gembili DNA sample did not
result in any band with the correct size (Figure 4). Meanwhile, amplification of 1-SST
gene from onion DNA sample did not result in any band with the correct size when

using 6A primers (Figure 4). In contrast, amplification using 6B primers from onion DNA
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sample did result in multiple bands, with a band of approximately 1 kb showing among

them (Figure 5).

1 2 3 4

dibe. ... .. (AR . ...
- e -

CO6Al CO6A2 a’l Co6H2

Lane 1&2: Amplification using 64 primers
Lane 3&4: Amplification using 6B primers

Figure 3: Amplification using 6A and 6B primers with annealing temperature set at 54°C using Gembili
DNA sample.

Lane 1: Amplification using 64 primers
Lane 2: Amplification using 6B primers

Figure 4: Amplification using 6A and 6B primers with annealing temperature set at 54°C using Onion DNA
sample.

Since the results were insignificant, an optimization of annealing temperatures using
gembili DNA sample was done afterward. Temperatures of 50, 52, and 56°C were used
during the PCR reaction. As a result, bands with approximately 1 kb size were shown
in amplification using 6B primers with annealing temperatures at 50 and 52°C (Figure
7). Since the ampilification still resulted in multiband, gel purification of the band with
1 kb size was done and the purification product was used as the sample for a further

PCR reaction with the same annealing temperatures. Meanwhile, amplification using 6A
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primers did not result in bands with the desired size in either one of the reactions with

different annealing temperatures.

Zone A Zone B Zone C

-y -...-;..

S0 30 Sal

Lane 1: Amplification using 6A primers
Lane 2: Amplification using 6B primers
Zone A: Annealing temperature at 50°C
Zone B: Annealing temperature at 52°C
Zone C: Annealing temperature at 56°C

Figure 5: Amplification using different annealing temperatures (50, 52, and 56 °C) using Gembili DNA
sample.

Amplification using purified gel sample with 6B primers and annealing temperature
set at 50 and 52°C resulted in distinct bands at 1 kb for both reactions (Figure 6).
However, since the bands at the reaction with annealing temperatures at 50°C had
a higher intensity and more distinctive, it was determined that the optimal annealing
temperature for 6B primers is 50°C. Meanwhile, amplification using 6A primers did not
result in any bands in both gembili and onion samples. This might be caused by the
low specificity of the primer pair towards both samples. It could also be caused by the
amplification condition that was not optimum yet.

The gel from amplification with an annealing temperature of 50°C containing the
desired band was purified and used as the sample for amplification with 50 pl reaction
volume. The amplification product was confirmed before it was cleaned up and inserted

into pGEM-T Easy vector.

3.3. Isolation of 1-SST gene using primers from chromosome 11

Two-step annealing temperature conditions were used to isolate DNA fragments on the
target amplicon size; this method utilizes the capability of the thermocycler machine by
dividing the samples into three separate Zones namely Zone A, Zone B, and Zone C.

Each Zone performs a total of 40x cycles PCR with the first 20x cycles under higher
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1 2 3 4 5 6 1 2 3 4 5 6
50C 52C
Zone A Zone B

I _— N —

CHA 6A GA" Céb 60 (313 UhA 6A 6A 6B GH 6l

Lane 1: Negative control of amplification using 64 primers
Lane 2&3: Amplification using 6A4 primers (duplicated)
Lane 4: Negative control of amplification using 6B primers
Lane 5&6: Amplification using 6B primers (duplicated)
Zone A: Annealing temperature at 50°C
Zone B: Annealing temperature at 52°C

Figure 6: Amplification using purified gel sample (6B) at annealing temperature set at 50 and 52°C.

annealing temperature and another 20x cycles under lower annealing temperature
(Table 4). This method is similar to touchdown PCR where the annealing temperature
decreases for every determined cycle (Green & Sambrook, 2018; Korbie & Mattick,
2008); it will reduce off-target priming. This method is particularly useful for primers that
might not exactly match from the target such as those designed using other different

species as the template (Green & Sambrook, 2018).

TABLE 4: Two-step annealing condition matrix.

1% 20x cycles 2™ 20x cycles
Zone A 52°C 50°C
Zone B 56 °C 54°C
Zone C 62°C 60°C

Higher concentration of agarose (1.5%) were used to further separate the bands;
based on the considerations that there were multiple bands appearance below ~1kb.
Amplicon size of around ~1004 bp and ~968 bp is expected from 11A and 11B primers
respectively. The result indicates (Figure 7 Image A) that there were two visible bands
close to the target amplicon size. To further separate the bands; the DNA were extracted

and amplified under the same conditions; resulting in a more contrast band (Figure 7
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Image B). Moreover, the bands close to ~1kb (Green rectangle) were extracted and

separated until pure.

—
1kb e —
e — -
- -
B . " 5 . Ha e na LY
1kb T

Figure 7: Visualized gel electrophoresis (Agarose 1.5%) of Genomic DNA with two-step annealing conditions.
Image A (1st Gel): primer 11B produced a band close to 1kb under the condition of Zone A (Red rectangle).
Primer 1A produced a relatively larger size of band close to 1kb under the condition of Zone C (Red
rectangle). These two bands were then extracted and purified for further downstream process. Image B
(2nd Gel): amplification of DNA samples extracted from the previous gel with two-step annealing conditions.
The bands with desired amplicon size of ~1kb (Green rectangle) were then extracted and purified further.

Result on Figure 8shows that both 1A and 11B primers produced a clear band
on around 1kb. Although 11A sample had undergone multiple purification using PCR
and gel electrophoresis, it has unsuccessfully produced a single band. Plausibly, this
phenomenon can be caused by the primers attaching to the middle part of the target
sequence, instead of only attaching to the termini. This mispriming will cause the
amplification of smaller sequence within the target itself; and thus, producing multiple

bands even after multiple purification.

DOI 10.18502/kls.v5i2.6445 Page 137



KnE Life Sciences
IC-BIOLIS

Figure 8: Confirmation of DNA sample prior insertion into pGEM-T Easy Vector.

3.4. Insertion and transformation of 1-SST gene

Prior to insertion into the plasmid, the samples were confirmed using gel electrophoresis
(Agarose 1%). Result suggests that some of the samples were not pure (Figure 9);
however, due to time constraints, further purification could not be carried.

Unfortunately, this study was only able to obtain one plasmid sample for sequencing,
plallA. The rest of the samples, 11B and 6B, were sent in the form of PCR product since
the bacteria did not grow in the LB Broth medium. Furthermore, the pcr11A PCR reaction
sample were sequenced with 11A self-designed primers, while the plal1A plasmid were
sequenced with M13-pUC universal primer provided by the sequencing vendor.

Prior to inoculation into LB Broth + Ampicillin, the bacteria were grown in LB Agar +
Ampicillin with a noticeable slow growth. Normally, a blue-white screening with E. coli
takes around 16-24 hours after inoculation (New England BiolLabs, n.d)[17]. However, in
this case, some of the bacteria took more than one day to grow; which might be caused
by non-optimal insert-vector ligation conditions [7]. With this in mind, the antibiotic
in the agar have been degraded and exacerbated by enzymes released by resistant
bacteria ([8];[9]) allowing the growth of satellite colony that does not contain the plasmid.
Therefore, the bacteria that was inoculated into the LB Broth + Ampicillin might be those

from the satellite colony since they do not possess the antibiotic resistant gene.
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Figure 9: Confirmation of DNA sample prior insertion into pGEM-T Easy Vector.

3.5. Sequencing results and analysis

The consensus of 6B sequence with the size of 1033 bp (Appendix 4) was generated
from the forward and reverse sequences of the respective primers using UGENE work-
bench. The sequence was analyzed using BLAST (NCBI) and the result is shown below
(Figure 10).

Figure 10: BLAST result of 6B consensus sequence.

The best hit was shown on a complete genome sequence of Steroidobacter denitri-
ficans strain DSM 18526 with an E value of 6e-84 and query cover of 83%. The percent
identity showed around 69%. Even though the percent identity is quite low, the query
cover of the sequence against the whole genome sequence of the bacteria is the highest
among all hits that mostly showed <50% query cover. This indicates that the alignment
of the query sequence with the genome of Steroidobacter denitrificans was more
specific than the others. Therefore, the isolated sequence belongs to Steroidobacter
denitrificans. This is contradictory with the target of the primer which is 1-SST. Since
amplification using 6B primer showed a false positive result, it could be concluded that
both of the primers designed from chromosome 6 failed to isolate 1-SST gene.

The consensus of plallA (Appendix 1) and pcr!1A (Appendix 2) were generated from
the forward and reverse sequences of the respective primers using UGENE workbench.

This consensus sequence was then used as an input for BLAST to determine the gene
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with closest similarity to the sequence. The BLAST result of plallA suggests that the
isolated sequence is 73.42% identical to beta-fructofuranosidase 1 (Figure 11 Image A).
Further, the result from pcr11A reveals that the isolated sequence is 68.63% and 67.81%

identical to fructosyltransferase-like protein and 1-SST respectively (Figure 11 Image B).

A

Figure 11: BLAST result of self-designed 11A primer. Image A: plallA plasmid with insert isolated using
1A primers sequenced using M13-pUC primers. Highest similarity to beta-fructofuranosidase 1 (Red
rectangle). Image B: pcri1A DNA sample isolated and sequenced using 11A primers. Highest similarity
to fructosyltransferase-like protein and 1-SST (Green rectangle).

Phylogenetic tree was constructed from the sequence of plallA, Invertases, 1-SSTs
of several different plant species as well as the top two results from the BLAST using
PhyML Maximum Likelihood (Figure 12.). The result suggests that plal1A are closely
related to Vacuolar Invertase and 1-SST of Triticum aestivum as they belong to the
same clade. Furthermore, it can be inferred that the plal1A is unlikely to be a cell wall

Invertase as they are located in a distant clade.

Figure 12: Phylogenetic tree of Invertases and 1-SST in different plant species. Dotted red square: plallA.

Interestingly, although pcr11A shows that the isolate sequence is indeed 1-SST (Figure
11, Image B) the result from pcr11A cannot be used as a conclusion as the consen-
sus sequence is low in quality. On the other hand, beta-fructofuranosidase is also
known as invertase [11];[4]. This enzyme has the capability to synthesize fructooligosac-

charide which is a short-chain inulin. Some studies consider short-chain fructans as
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fructooligosaccharide (FOS) and long-chain fructans as inulin [11]. A small amount of 1-
kestose (simplest inulin) can be produced by vacuolar invertase at high sucrose [12]; [13]).
Looking at the phylogenetic tree (Figure 12) of plal1A, several 1-SSTs and Invertases; it
is obvious that the isolated sequence is not a cell wall invertase as it is closely related
to 1-SST and vacuolar invertase of Triticum aestivum. Therefore, it is not a surprise that

the isolated sequence fragment was identified as beta-fructofuranosidase.

Moreover, based on sequence analysis it was postulated that 1-SST evolved from
vacuolar invertase [13]; [14]. Also, a study had successfully transformed wheat (Triticum
aestivum) vacuolar invertase into 1-SST [10]; the transformation involves the disruption
of highly conserved WMNDPNG motif that is present in vacuolar invertase but not in
1-SST. With this in mind, it is possible to identify the 1-SST in Dioscorea esculenta by
observing the presence of the motif. However, since this is a partial sequence obtained
from genomic DNA, further study is needed to confirm the identity of the complete 11A

sequence.

The consensus sequence of Sample 11B (Appendix 3) was obtained through the
same method. The BLAST result of 11B consensus sequence (Figure 13) indicates that
sequence isolated is similar to protein kinase with highest similarity of 82.91%. Protein
Kinase is a housekeeping gene and plays an important role in plant defense response
towards pathogen [15]. With the fact that the template whole genome sequence from
Disocorea rotundata has gaps and no annotations, it is difficult to design a very specific
primer. Consequently, it is not a surprise that result shows a gene fragment from plant-
related gene.

Max  Total Cuery

Score Score Cover  value ldant

PREDICTED: Setaria ilakica calcum-dependent proten kingse 13 (LOCINTT1161), miHA 495 496 T1% 1e-135 B2A5% MM

4590 480 T8% 4de-134 BD6d% X

490 400 TE% 4dg-134 BDG4% X

487 487  TO0% Se-133 B2O1% X

Figure 13: BLAST result of 11B self-designed primer with high similarity to protein kinase.

Gene amplification using 6B, 11A, and 11B primer pairs resulted in amplicons with
expected size. However, sequence analysis of 6B and 11B amplicons resulted in false
positive results. In-silico analysis of 11A sequence showed that the isolated sequence
has a close identity with the target gene, 1-SST. New approach of primer design is

needed to successfully isolate 1-SST gene from D. esculenta.
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Appendix 1: Consensus sequence of pla11A plasmid with histogram

>190621_plallA

TGTAATACGATTTACTAAAGGGCGAATTGGGCCCGAAGTTGCATTCTCCCGGCCGCCATGGCGGCCG
CGGGAATTTGATTAGATCCGAATGGAGAGTTCTTCTTCTCTTCGTTGAAGGCTTATTGATTGATTTTT
TTTTTTTTTTTTGCTTCCTTGTTTGGATGGTAATGGTGGTGGGATTAATGGCAGGGCCGGTGTTCTAC
AACGGATGGTATCATTTGTTCTACCAGTACAACCCTGATTCGGCGGTGTGGGGGAACATCACTTGGG
GCCACGCCGTGTCGCGCGATCTCATCCGGTGGCGGCATCTCCCTCTCGCCATGGTTCGTGATCAATG
GTACGATTCCGATGGCGTGTGGACCGGCTCCGCCACTGTCCTCCCAGACGGCAGCCTCATTATGCTC
TACACCGGGTCCACCAACTCGTCCGTACAGGTCCAGAACCTCGCCATCCCCGCCGATCCCTCAGATC
CGCTCCTTCTCGAGTGGACAAAGTCTGATTCGAACCCCGTCCTCCTCCCGCCGCCAGGAGTGGGGCT
AAAGGATTTCCGGGATCCGACCACGGCGTGGTACGACGAGGACGCGGAGGCGTGGCGGTTCGTGAT
CGGGACGAAAGAGGACAAGGGCCACTCGGGGATCGCGCTGGTGTACCAGACGAAGGACTTCTTGA
ACTACGAGCTGCTGCCGGGGAGGCTCCACGCGGTGGCCAGGACGGGGATGTGGGAATGCGTCGACT
TCTACCCTGTAGCGACGACGGCAGGGGTTGGTGGGCTGGATACGTCAGTGATGGGGGAGAAGGTGA
AGCATGTCCTGAAGGCGAGCATGGACTACGACGAGGCACGACTACTACGCGATCGGAACGTACAAG

AGCGATAAGGTGAAGTGGGTACCTGATGATCCGGATGAAGACGTATGGTATAGGCCTGAGGTACGA
CTGAGGCAAATT

Appendix 2: Consensus sequence of pcr11A sample with histogram

>190621_perl1A

TTTTTTTTTTCTTTTTTTTTTGAAGGGATTGAAAGGGGATTTAAGGATGATGTCAGTTCCTTTTTCGTA
CAAAGGATGTATTATTTATTCCAGCAGTACAACCTGATTTGTCGGTTTTGGAGAATATCATTGGGGG
CACGCCGTGTCGCGCGATTTCCATCCGGTGGGGGCATCTCCCTCTCGCCATGGTTTGTGATTAATGGT
AAAAATCCAAAGGGGTGTGGAACGGGTCCGCCACTATCCTCCCCAAAGGGAGCCCTTATTATTTTTT
ACACGGGATCCACCAACTCTTCTTTAGAGGTCAAAAACCTCGCCATCCCCGCCTATCCCTTAAAAAA
ACTCCTTTTCAAGTGGAAAAATTTTTATTAAAACCCCGTCCTCCTTCCGCCGCCAGGAGTGGGGCCA
AAGAATTTCCGGTATCCGACCACGGCGTGGTATAAAAAAAAAGCGAAAGCGTGGGGTTTTTTTTATC
GGAAAAAAAAAAAAAAAGGGCCATTCGGGGATCGCTTTTGTGTACCAAAAAAAAAAATTTTTTAAT
TAAAAACATTTTCCGGGGAGGGTCCACGCGGTGGTTTATAAGGAGAATGTGAAATTGCGTTAATTTC

TATCCCTTTAGAGACAACGATTGGGGGACTTGGTGGAGTGAATTTTGATACTTCAGGGTAATGAAGA
ATATTAAGCAGTCCACAGCC
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Appendix 3: Consensus sequence of 11B sample with histogram

>190621_11B
TGATGGGCAACACTTGCCGCGGCTCTTTGACGAGCAGCAAGTTTTTCCGCAGCTTCGCCGAGCCCAC
CGAGCGCTTGTCCTCCTCCTCCAGCCGCACCCATCCTCACAGCTCCTTCTCCGACGCCGACGAACCCT
CCAAACCCGCCCCCAAGCCCGCCACCATGCGCCGCGGTGCTGACATGCACTCCAGCTGCATCCTCGG
CCACAAGACCGCCAACATCCGCGATCTCTACACCCTCGGCCGCAAACTCGGCCAGGGCCAGTTCGG
CACCACCTATCTCTGCACCGAGATTGCCACCGGCGTCGAGTACGCCTGCAAGTCAATCTCCAAGCGC
AAACTCATCTCCAAGGACGACGTCGACGATGTGCGCCGTGAGATCCAGATCATGCACCATTTGTCCG
GGCATCGCAACGTGGTGACCATTAAGGGCGCTTACGAGGATCCGCTCTATGTGCACATCGTGATGG
AGCTCTGCGCTGGCGGGGAGTTGTTTGATCGGATTATTCAGAGGGGGCATTACAGCGAACGAAAGG
CGGCCGAGCTCACGAGGATCATTGTTGGAGTCGTCGAGGCCTGCCACTCTCTCGGTGTCATGCATCG
GGATTTCAAGCCGGAGAAACTTCTTATTGGTGAACAAGGACGGTTGTTCCTCTCTCAAGGCCATCGA
TTTCG

Appendix 4: Consensus sequence of 6B sample with histogram

>190621_6B
ATTGGCACGCATGAGGAACGAGGCACCGATCGGTTGCTCGAACGTCGCGGACAGGCTGGAGGACCA
TTTCGGCGCGAACGACAGCGTGTTGTTCTTGCGCTCGGTGCGGAAGAACTGTCCCGCCGTGCCGAAG
TCTTCGATGGTCGTATCGGCGTAGGTCACGCCGCCTTGCAGGCTCAGCTGTTCGAGCGGGGTGTACC
ACACGAAGTCGAGGTCCACGCCCTTTCGACACCACCTGCGGCAGCGAAGTCACGATGAACTGCAGG
CCGGTGAAGGTGTTGAGCTGGAAGTCCGTGTAGTCCTGATAGAACAGCGCGCCGTTCACCAACAGG
CTGTTGCCGGCCCACTGCGTCTTCATGCCGAGCTCGTACGAATCAACCGTTTCCTTGTTGAAGTGCGT
GTCGGGATCGACTGTGGCCCCTTGCAGAACCACGCCATTCGGCAGCGTCAGATTGCTGGCCAGGAA
GAACTGACCATTGCGCTCGCGATAGAGATTGAAGCCGCCACCTTTGTAGCCCTTCGCGTACGACAGG
TACGACATCACGTCCGGGGTGAAGCGATACGCAACTTTGGCAGTGCCGCTCCATTCCTGTTCGTCTC
GCGATTGCGAGGTATCGACGTTGTTGAAGATCGGATCGGCGTACGTGACGCTGCAGCCAATGCCGA
ACAGCGTCTGGAGCGCGGCCTGTTGGGCCGGCGTTCCCGTCAGCAGGGCGGTTCTCAGCGCGGCGC
TGGAGCGCAGGTAGGTGCAACCCCGGCCGCCGTGCTCGTTTCGATAGTGCGAGTCCAGGTCCTTCGA
TTCATCCGTATAGCGCAGGCCCAGGGTGAGCTCCAGCGCCTCGGTGAAGCGAATGCTGTTGTTGGTG
AACAGTGCCCAGCTCTTGGATTCCTGCTCGTACACGTCACGTGTCGCGCCGTTAGCGGGGTAGGCGT
CGGCAGGCAATGAGGCGATCGGGCTGGGCGTGGCTGATGTCCTCACCGCGGTGAAATATGGCCGCA
CCTGCGTGCCCTGAATCAACTGGTCATGCGAGTC
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