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Abstract
Sweet and bitter taste on cassava tuber is affected by starch metabolisms. Meisa1 
gene is a gene in cassava (Manihot esculenta) encoding isoamylase1 enzyme involved 
in starch metabolisms. This study aimed to analyze partial DNA sequences of  Mei-
sa1 gene on sweet and bitter cassavas collected by Genetics Laboratory, Department 
Biology, Faculty of  Mathematics and Natural Sciences, Riau University, Indone-
sia. Methods included total DNA extraction from fresh young leaves of  cassava 
using CTAB buffer, polymerase chain reaction (PCR), electrophoresis, and sequenc-
ing. The obtained data were analyzed using MEGA software version 5. The re-
sults showed that there were nucleotide variations in the intron region, not in the 
exon region. The variations were caused by the transition substitution mutation 
(35.39%) and transversion substitution mutation (64.61%). The genetic distance 
range between seven cassava genotypes was approximately 0% to 11%. Partial DNA 
sequence variations of  Meisa1 gene located in intron region were unable to cluster 
seven cassava genotypes separately into two groups based on tuber taste.   
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& Keeling 2005). The starch quality very much 
depends on amylose composition. About 60% to 
90% of  starch in plants is in the form of  amy-
lopectin. The amylopectin among plants varies 
in terms of  granule, composition, and structure 
(Han et al. 2007; Valdez et al. 2008; Hannah et al. 
2008; Keeling et al. 2010).

Starch metabolism involves various enzy-
mes, among others ADP-glucose phosphorylase, 
starch synthase, starch branching, and starch deb-
ranching enzymes. One of  the starch debranching 
enzymes is isoamylase that functions to hydrolize 
α-1,6 brach points in amylopectin, glycogen, and 
proto glycogen to produce glucose (Nakamura et 
al. 1996). Isoamylase enzyme is classified into of  
three types, i.e. ISA1, ISA2, and ISA3 and each 
type respectively has a specific function in starch 
metabolism (Sundberg et al. 2013; Kang et al. 
2013). Genes encoding isoamylase-type 1 (ISA1) 
have been cloned and characterized from some 
of  crop species (Sun et al. 1999; Kim et al. 2005; 
Takashima et al. 2007; Beyene et al. 2010). 

Complement DNA (cDNA) encoding 
ISA1 from cassava (better known as Meisal gen) 
has been cloned and characterized by Beyene et 
al. (2010) and may reach 764 bp in length. Mei-
sa1 gene begins to be expressed when the plant 
is three months old after planting and then the 
expression is stoped when the plant is six months 
old, and its highest level of  expression occurs in 
tuber followed by the stem, leaf, and petiole. It 
indicates that Meisa1 gene has a major role in root 
differentiation to become storage root or tuber 
and early initiation of  starch granule formation 
(Beyene et al. 2010).

The research on DNA sequence of  Meisa1 
gene in sweet and bitter cassava genotypes from 
Riau Province, Indonesia was conducted by Ros-
lim ������������������������������������������������et al�������������������������������������������. (2015b) using Variegata as a sweet cassa-
va genotype and Keriting as a bitter cassava geno-
type. The findings showed that DNA sequence 
of  Meisa1 gene in cassavas had some differences. 
The clustering analysis described that the three 
Variegata plants being studied formed one sepa-
rate group from the three Keriting plants. Based 
on this preliminary study, it was necessary to stu-
dy the DNA sequence of  Meisa1 gene on other 
sweet and bitter cassava genotypes for verification 
of  the ability of  DNA sequence of  Meisa1 gene to 
differenciate sweet and bitter cassava genotypes.   

METHODS

Plant Materials 
The plant materials used in this research 

were sweet cassava genotypes (Variegata, Roti, 

INTRODUCTION

Cassava (Manihot esculenta) is one of  carbo-
hydrate-rich tuber producer plants which can be 
consumed by human as a staple food (Lancaster 
& Brooks 1983; El-Sharkawy 2003). Cassava is 
very good to be cultivated because it is resistant 
to drought (El-Sharkawy 1993) and can grow 
well in acidic soil that is poor in nutrients and 
does not require much labor, time, and costs dur-
ing the planting until harvest compared to other 
crops (Scott et al. 2002; Howeler 2006). Also, 
cassava can be used for many purposes, such as 
animal feed, the raw material for various starch 
based industries such as cosmetics, flour, baby 
food, biopolymer, and bioenergy (Tonukari 2004; 
El-Sharkawy 2003; Nassar & Ortiz 2010; Nuwa-
manya et al. 2011; Marx & Nquma 2013). For 
human or animal consumptions, cyanogenic glu-
coside in cassava tuber and leaf  must be lower, 
i.e. below 40 mg/kg tuber fresh weight (Irtwange 
& Achimba 2009) because the cyanogenic glu-
coside content that is higher than the provisions 
can cause bitterness to the tuber and those who 
consume it may be poisoned and may even die. 
It would be better if  the starch content is higher 
than the cyanogenic glucoside so that the tuber 
is not bitter and poisonous. The starch content 
and the quality in cassava tuber are important 
characteristics in various industries and cassava 
breeding program (Jennings & Iglesias 2002; Mo-
hamed et al. 2009). 

A few cassava genotypes from Riau Provin-
ce, Indonesia, can produce tuber which is sweet, 
not sweet and bitter. The cassava which produces 
sweet or not bitter tuber is called sweet cassava 
genotype, whereas the one which produces bitter 
tuber is called bitter cassava genotype. Variegata, 
Sayur, Roti, and Hijau cassava genotypes belong 
to a sweet cassava genotype group, while Meng-
galo, Keriting, and Lurus belong to a bitter cassa-
va genotype group (Roslim et al. 2015a; Roslim et 
al. 2016). McMahon et al. (1995) and Wilson & 
Dufour (2002) argue that the difference between 
sweet and bitter cassava lie in the starch and the 
cyanogenic glucoside contained in tuber or whole 
plant. The starch content which is higher than the 
cyanogenic glucoside content causes the tuber to 
be not bitter, or it tends to be sweet or the reverse.

Starch is a reserved carbohydrate in plants 
which is stored in tuber as a granule or semicrys-
talline granule in cassava plant. It consists of  two 
glucose polymers; that is, amylose and amylopec-
tin, and their monomer is in the form of  α-glucan. 
Glucan composition varies from variety to varie-
ty and from species to species in plants (Patron 
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Hijau, and Sayur) and bitter cassava genotypes 
(Menggalo, Keriting, and Lurus) the collection 
of  the Genetic Laboratory, Department of  Biolo-
gy, Faculty of  Mathematics and Natural Science, 
Universitas Riau, Indonesia. 

Total DNA Extraction 
The DNA total was isolated from fresh 

young leaves of  cassava using CTAB buffer (Sa-
ghai-Maroof  et al. 1984). As many as 200 mg 
leaves were cut with a clean scissor then were 
grinded using mortar and pestle and liquid nitro-
gen. Then the powder was put into a 50 ml sterile 
tube and added with 1 volume of  CTAB buffer. 
The mixture was then incubated in a water bath 
at 65oC for 1 hour, and then it was cooled at room 
temperature. After that, 1 volume of  chloroform 
was added, and the mixture was inverted until it 
was homogenized for 10 minutes. Then, it was 
centrifuged at 4000 rpm for 15 minutes. The liq-
uid phase or supernatant was transferred to a 1.5 
ml sterile tube, then was added with 1 volume 
of  isopropanol and was inverted to form white 
clumps of  tangled DNA molecules, and then it 
was centrifuged at 4000 rpm for 10 minutes. The 
liquid phase was discharged and the pellet DNA 
formed was dried at 37 °C. Once it was dry, it 
was added with 500 µl TE buffer and then was 
incubated at 37 °C for one night. After that, it was 
added with 200 µl TE buffer to increase the DNA 
solution volume, and then it was added with 700 
µl phenol. The mixture was inverted slowly for 10 
minutes and was centrifuged at 4000 rpm for 10 
minutes.

The liquid phase on the top which con-
tained DNA solution was transferred into a new 
1.5 ml sterile tube, and then it was added with 1 
volume of  isopropanol. The tube was inverted to 
form white clumps of  tangled DNA molecules. 
The tube was centrifuged again at 4000 rpm for 
10 minutes. The pellet DNA was dried at 37 °C, 
and then the precipitated DNA was rinsed with 
70% ethanol and was dissolved again with 100 
µl TE buffer. The DNA stock solution was stored 
at -20 °C while the working DNA solution was 
stored in the refrigerator at 4 °C for further analy-
sis.

Amplification with Polymerase Chain Reac-
tion (PCR) technique

The PCR process was conducted using a 
50 µl PCR reaction containing 1x PCR buffer; 
100 mM dNTP

S
; 0.2 µM forward primer 5’- AGC 

ATC ATT AAG GCA CAC CT-3’; 0.2 µM re-
verse primer 5’- ATG CTT TGA ATT CAC CCT 
GT -3’; 1 Unit Taq DNA polymerase (Thermo 

Scientific), dH
2
O, and 100 ng total DNA of  cassa-

va. The PCR analysis was performed with the fol-
lowing conditions: 5 minutes at 94 °C for 1 cycle 
followed by 1 minute at 94 °C, 1 minute at 50 °C, 
1 minute at 72 °C for 35 cycles and ended with 1 
cycle of  post-PCR for 10 minutes at 72 °C. 

Electrophoresis
Electrophoresis was aimed to determine 

the results of  DNA extraction and also the PCR 
process. Electrophoresis was performed using 
1.2% agarose gel in 1xTBE buffer (Tris-borat 
EDTA pH 8) at 65 volts for 30 minutes. The gel 
was soaked in ethidium bromide solution to stain 
the DNA and then the DNA bands were observed 
under the UV lamp transillumination (WiseUv 
WUV-M20, Daihan Scientific����������������   ) ��������������  and were docu-
mented using a digital camera (Olympus SP-500 
UZ).

DNA Sequencing
DNA sequencing��������������������������� is the process to determi-

ne the precise order of  nucleotides within a DNA 
molecule. In this research, PCR products were 
then sent to PT Genetika Science in Jakarta to be 
purified and sequenced at 1st Base in Malaysia in 
two directions using PCR primer. 

Data Analysis
The obtained DNA sequences obtained 

were analyzed using MEGA software version 
6.06 (Build#: 6140226) (Molecular Evolutionary 
Genetics Analysis) and BLASTn program (Basic 
Local Alignment Search Tool) at http://www.ncbi. 
nlm.nih.gov/ BLAST (Altschul et al. 1997).

RESULTS AND DISCUSSION 

Total DNA Molecules and Partial DNA Frag-
ment of Meisa1 Gene

In this research, the quality and quantity 
of  total DNA molecules and PCR products were 
determined using electrophoresis technique (Fi-
gure 1). Electrophoresis is a technique to sepa-
rate charged particles on a porous matrix under 
electric fields with the principal that is negative 
charged DNA molecules migration on a porous 
matrix, such as agarose gel, from negative pole 
(anion) towards the positive pole (cation). The 
DNA movement in a porous matrix depends on 
the gel concentration, voltage, buffer ionic st-
rength, and DNA conformation (Lee & Bahaman 
2010). The total DNA molecules obtained from 
seven cassava genotypes were sufficient intacts 
which were characterized by thick DNA band si-
zing above 10000 bp. Their concentrations were 
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approximately 100-500 ng/µl and they could be 
used as a template in PCR (Figure 1A). 

Figure 1. (A) Total DNA molecules and (B) par-
tial DNA fragment of  Meisa1 gene on seven cas-
sava genotypes which were electroporated using 
1.2% agarose gel in 1xTBE buffer.  (M) 1 kb DNA 
Ladder, (V) Variegata, (R) Roti, (S) Sayur, (H) Hi-
jau, (K) Keriting, (L) Lurus, and (M) Menggalo.

Partial DNA fragment of  Meisa1 gene si-
zing 534 bp had been successfully obtained from 
seven cassava genotypes observed in this study 
(Figure 1B).  The thickness of  the DNA frag-
ments was different among them.  However, the 
DNA fragments were sufficient for the sequen-
cing process requirement.  The thickness of  the 
DNA fragments was also found by Nugraha et al. 
(2014), but it did not affect the results because the 
thickness of  the DNA fragments was not related 
to DNA sequence analysis.  The thickness of  the 
DNA fragments associated with the expression 
analysis at the level of  mRNA transcripts or pro-
teins (Beyene, 2011; Hu et al., 2015).

Analysis of Partial DNA Sequences of Meisa1 
Gene

The DNA sequencing was conducted 
in this study to determine the precise order of  
nucleotides within DNA fragments of  Meisa1 
gene on seven cassava genotypes. The alignment 
using BLASTn program showed that the DNA 
sequences was accurately the part of  Meisa1 gene 
(Accession: GU229751.1) which could be seen in 
every parameter, especially the E-value and Ident 
(Table 1).

The Table 1 shows that the indent value is 
high, close to an absolute percentage, i.e. 96%, 
and the E-value is low (2e-19). These results sho-

wed the high similarity of  nucleotide sequence 
observed with Meisa1 gene in the database rather 
than with Rcisa1 gene. In addition, the data was 
accurate. 

Ident value is a percentage of  accuracy 
of  alignment or a percentage of  similarity of  
the aligned sequences, the larger its value, the 
higher the aligned sequence similarity. E-value is 
a probability of  an alignment error statistically; 
the smaller its value, the more accurate its data. 
The query cover is a the ����������������������� percentage of  query se-
quences used in the analysis or the percentage of  
similar sequences with sequences in the database 
or sequences being compared (Fassler & Cooper 
2008).

In this study, it was discovered that the 
query cover value was very small, i.e. 13% becau-
se of  the nucleotide sequences observed were the 
DNA molecules of  Meisa1 gene while the sequen-
ces in the database were the cDNA molecules 
of  Meisa1 gene. Furthermore, cDNA molecules 
came from the reverse transcription of  mRNA so 
that it only comprised exons sequences, whereas 
DNA molecules consisted of  introns and exons 
sequences (Griffiths et al. 2008). Therefore, the 
sequences in this study that aligned with database 
sequences were only exon sequences which were 
about 66 bp while the rest were the intron sequen-
ces of  Meisa1 gene.

The alignment analysis also showed that 
the nucleotide sequences of  the partial DNA se-
quences of  Meisa1 gene on the seven cassava had 
a high similarity (87%) with the mRNA of  isoam-
ylase gene in the Ricinus communis (Rcisa1 gene). 
This was according to research conducted by 
Beyene et al. (2010) which stated that Meisa1 gene 
had high similarity to Rcisa1 genes in jatropha 
(Ricinus communis) but not with another isoform 
(ISA2 and ISA3) of  the isoamylase gene (Beyene 
et al. 2010). Possibly it happened because cassava 
species are closely related to jatropha, and they 
come from the same family, Euphorbiaceae.

Furthermore, the multiple alignment ana-
lysis showed that there were a few nucleotides dif-
ferences between those cassavas observed. Those 
differences were not observed to lie in exon region 

Table 1.	Nucleotide alignment results of  partial DNA sequences of Meisa1 gene on seven cassava geno-
types using BLASTn program.

Description
Max 
score 

Total 
score 

Query 
cover 

E 
value 

Ident Accession

Manihot esculenta isoamylase (Meisa1) 
mRNA, partial cds 

107 107 13% 2e-19 96% GU229751.1

Ricinus communis isoamylase (Rci-
sa1), putative, mRNA 

82.4 82.4 13% 8e-12 87% XM_002529854.1
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but in intron region. The nucleotide differences or 
variations were caused by substitution mutation, 
either transition or transversion substitutions or 
deletion mutation (Table 2, Figure 2).

The total percentage of  transition substitu-
tion mutation in this study was 35.39% less than 
the total percentage of  transversion substitution 
mutation (64.61%) as shown in Table 2. Transi-
tion substitution mutation is a change in nucleoti-
de from purine to purine (A«G) or pyrimidine to 
pyrimidine (T«C), while transversion substitution 
mutation is a change in nucleotide from purine to 
pyrimidine, vice versa (Griffiths �����������������et al.����������� 2008). Ac-
cording to Graur (2003), mutation does not occur 
randomly in the genome and it rarely occurs in 
exons or binding sites of  regulator proteins. Mo-
reover, not all mutation types occur with the same 
frequency. In nuclear animal DNA, the transition 
substitution mutation more frequently occurred 

(60%-70%) compared to the others. The transi-
tion substitution mutation in random mutation 
was only 33%. The ratio of  transition to transver-
sion mutation in animal mitochondrial genomes 
was 20:1.

Table 2.	Transversion and transition substitution 
mutation matrix of  partial DNA sequences of  
Meisa1 gene on seven cassava genotypes calcu-
lated using Tamura & Nei (1993) model.

Nucleotide A T/U C G

A - 9.31 6.20 7.15

T/U 12.17 - 3.77 4.62

C 12.17 5.65 - 4.62

G 18.82 9.31 6.20 -
Notes: Figures typed in bold and italic shows 
transition substitution, and the figures upright 
shows transversion substitution

Figure 2. Mutation position in intron region of  partial DNA sequences of  Meisa1 gene on seven cas-
sava genotypes.
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A gene in eukaryotic organisms usually 
consists of  a few exons regions where each exon 
of  a gene encodes part of  a protein and also a 
few introns regions of  which each separates the 
exons. Both exons and introns to be transcribed 
to produce pre-mRNA and this pre-mRNA will 
be modified after the transcription in order to pro-
duce mature mRNA which only consists of  exons 
regions. The mature mRNA to be translated into 
protein or enzyme depends on the gene (Griffith 
et al. 2008). 

In intron region observed, nucleotide com-
position average of  G+C in intron was less (31.2 
%) than A+T (68.8%) (Table 3). The result accor-
ded with Amit et al. (2012) who reported that the 
G+C content in plants introns regions were less 
than in its exons and related to splicing efficiency.

Table 3.	Nucleotide percentage (%) in intron re-
gion of  partial DNA sequences of  Meisa1 gene on 
seven cassava genotypes calculated using Tamura 
& Nei (1993) model.

Cassava 
genotypes

T(U) C A G

Roti 31.1 17.1 38.3 13.5

Variegata 29.4 16.6 39.6 14.5

Sayur 29.9 17.1 39.3 13.7

Hijau 30.5 18.1 37.8 13.6

Keriting 29.6 17.1 39.2 14.1

Lurus 29.6 17.1 39.2 14.1

Menggalo 29.3 18.1 38.7 13.8

Average 29.9 17.3 38.9 13.9

Intron region is not an encoding protein 
like exons; however many important protein bin-
ding sites are located in intron region, for instan-
ce, binding site for a protein of  enhancer, silencer, 
splicesome, and other regulatory proteins. Those 
binding sites affect gene expression level; thus, 
the mutation in these sequences will affect the 
transcription level or sometimes the gene functi-
on. In addition, intron-containing sequences that 

are not the regulator protein binding sites and 
mutation in these sequences only cause the gene-
tic variability in and between species (Griffith et 
al. 2008; Lomelin et al. 2010).

The genetic distance average between se-
ven cassava genotypes observed was about 0%-
11% (Table 4). The smallest genetic distance (0%) 
was found in between Keriting and Lurus cas-
savas which showed that both cassavas had the 
same nucleotide sequences in partial DNA region 
of  Meisa1 gene observed. It could be like that be-
cause Lurus cassava was shoot segregating from 
Keriting cassava.

Keriting is cassava genotype which has 
wavy and curly leaves and three or more bran-
ches. In addition to the curly leaves, it could also 
produce normal or straight leaves like common 
leaves in cassava plants (Figure 3). If  the branch 
of  Keriting cassava producing normal leaves is 
planted and grown up to be a plant, all leaves are 
normal and there are no cruel leaves. The plant 
is called Lurus cassava genotype (Roslim et al. 
2015a). The tuber taste of  Lurus cassava is as bit-
ter as the tuber taste of  Keriting cassava and both 
contain very high cyanide level in the fresh tuber 
that is approximately 400 ppm/tuber fresh weight 
(Roslim et al. 2016).

Figure 3. The stem of  Keriting cassava plant 
producing (A) straight or normal and (B) curly 
leaves.

The farthest genetic distance (11%) was 
between Sayur and Hijau cassava which had the 
same tuber taste that were not bitter and both 

Table 4.	Genetic distance matrix between seven cassava genotypes calculated using UPGMA method.

Genotypes Variegata Roti Sayur Hijau Keriting Lurus Menggalo

Variegata 0.00

Roti 0.04 0.00

Sayur 0.07 0.07 0.00

Hijau 0.09 0.09 0.11 0.00

Keriting 0.02 0.03 0.05 0.07 0.00

Lurus 0.02 0.03 0.05 0.07 0.00 0.00

Menggalo 0.06 0.07 0.09 0.04 0.05 0.05 0.00
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being classified as sweet cassava genotypes. On 
the other hand, Variegata and Roti cassavas - 
which were grouped as sweet cassava genotypes – 
had the closer genetic distance with Keriting and 
Lurus cassava genotypes than with Sayur and Hi-
jau cassava genotypes (Figure 4).

 Keriting
 Lurus
 Variegata
 Roti
 Sayur
 Hijau
 Menggalo

0.000.010.020.03

Figure 4. Dendrogram between seven cassava 
genotypes based on genetic distance calculating 
with UPGMA method.

The results showed that mutation or va-
riation of  partial DNA sequences of  Meisa1 gene 
occurring in intron was unable to differentiate se-
ven cassava genotypes into two groups separately 
each other based on the same tuber taste. It was 
suggested that mutation or variation detected in 
intron region did not occur in the regulator pro-
tein binding sites and thus did not affect the struc-
ture and function of  isoamylase1 enzyme transla-
ted. Lomelin et al. (2010) reported that mutation 
in the intron region of  a gene was unable to affect 
the structure and function of  the gene product, 
and the variation only became a genetic backg-
round of  the organism.  

CONCLUSION

Partial DNA sequences of  Meisa1 gene on 
seven cassava genotypes observed was varied in 
intron region. The variation was caused by the 
transition (35.39%) and transversion (64.61%) 
substitution mutations. The genetic distance ran-
ge between seven cassava genotypes was about 
0% to 11%. The variation in partial DNA se-
quences of  Meisa1 gene which occurred in intron 
region was unable to differentiate seven cassava 
genotypes into two groups separately based on 
the tuber taste. The variation only became a gene-
tic background for those cassavas observed.
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