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Sesame (Sesamum indicum L.) is an important oil-crop that is cultivated in different areas worldwide. 
None uniformed capsule maturation and dehiscence “seed shattering” of the sesame is a major problem 
that causes yield reduction for more than 50%, making seeds retention in capsules an important trait 
during harvest. For several reasons, the role of cell-wall degrading enzyme in capsule dehiscence and 
seed shattering received little attention from workers in this area. Polygalacturonase is one of the major 
enzymes involving in seed shattering process in sesame. Using RT-PCR and RACE procedure, we 
successfully get full amplified and cloned the polygalacturonase gene (PG) from false septa tissue in 
sesame plant cv. Sohag 1. Sequencing the 1671bp of the cDNA showed that the coding region starts at 
base 47 with an open reading frame of 1392 bp. The nucleotide sequence of the Sohag 1 
polygalacturonase gene (SiPG1) was compared with PG predicted gene of the Chinese sesame giving a 
similarity of 95.52%. Translation analysis revealed that SiPG1 has an additional 22 amino acids 
compared to the Chinese counterpart. The obtained sequence was submitted to the GenBank under 
accession No LC279244. Moreover, phylogenetic tree and alignment of SiPG1 with different published 
PG proteins revealed that SiPG1 is considered as an endo-polygalacturonase enzyme. Further analysis 
for amino acid alignments between the SiPG and endo-PGs from peach, canola and pepper showed 8 
conserved regions including (GPC, SPNTDGIH, TGDDC, CGPGHGISIGSLS, RIK, NPI, IDQ and GTS). 
On the other hand, alignment of available exo-PGs in database (Maize, Sesame and Arabidopsis 
thaliana) resulted in identification of 6 motifs (GPC, NTDGIH, GDDC, CGPGHG, GSLG and RIK/VE). 
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INTRODUCTION 

Sesame (Sesamum indicum L.), a member of 
the family Pedaliaceae, is an important oil-
producing crop, it is considered as one of the 
oldest cultivated oil crops worldwide (Pusadkar et 
al., 2015). Limitation in cultivation and expansion, 
as well as, low yield could be attributed to factors 
such as; a) biotic stresses due to insect 
infestation, fungi and bacterial diseases 
(Radhakrishnan et al., 2013); b) abiotic stresses 

as drought and salinity (Rejeb et al., 2014), and c) 
variability in seed-maturation and seed shattering 
which cause high yield-loss percentage (Day, 
2000). Seed-shattering (pod dehiscence or fruit 
shedding), which occurs at advanced seed/fruit 
development, is a mechanism that helps plants to 
disperse and distribute their seeds into the 
surrounding environment (Estornell et al., 2013). 
Seed shattering is considered as an undesirable 
trait in modern crops, as it negatively-affects yield 
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in many economically important crops such as 

sesame, canola and rice (Dong and Wang, 2015). 
In sesame, seed shattering is a major problem 
causing an annual yield loss of more than 50% 
(Langham and Wiemers, 2002). Due to variability 
in capsule maturation, where older capsules 
located at the bottom of the plan mature faster 
than those close to the apical meristem (Ukan and 
Killi, 2010), farmers tend to harvest sesame plants 
when about 50% of the capsules are dried and 
half-opened, causing a serious loss in seeds yield 

(Nath et al., 2001 and Kim et al., 2007). Day 

(2000), reported that false septa tissue, along with 
the thin-walled cells that separates capsule-tissue 
layers, are similar to abscission zone that is found 
in fruits; therefore, and upon reaching full-
maturity, the mesocarp start to shrink at a rate 
that exceeds the endocarp shrinkage rate, thus 
creating tension in capsule wall and generates 
force to separate the mesocarp from the 
endocarp, resulting in capsules to split open. Pods 
dehiscence is partly controlled by the activity of 
cellulase and polygalacturonase in abscission 
zone, these enzymes cleave the cellulose and 
pectin that adheres thin wall cells in abscission 
zone. Therefore, seed-shattering and loss could 
be controlled upon decreasing the activity of these 
enzymes (Babu and Bayer, 2014). 
Polygalacturonase belong to glycosyl hydrolase 
family 28. The PG act in plant development 
processes such as tissue softening, organs 
abscission, fruit ripening and microspore release 
(Sénéchal et al., 2014). According to mode of 
action for polygalacturonase, endo- and exo-
polygalacturonase can be distinguished (Markovic 
and Janecek, 2001). Endo-PG (EC 3.2.1.15) 
catalyzing random hydrolytic cleavage of α-1,4 
glycosidic bond in polygalacturonic chains of 
pectin (Protsenko et al., 2008). There are two 
types of Exo-PG; EC 3.2.1.67 catalyzes the 
hydrolytic cleavage of one galacturonic acid 
residue from the non-reducing end and EC 
3.2.1.82 catalyzes the hydrolytic cleavage of two 
galacturonic acid residue from the non-reducing 
end (Pedrolli et al., 2009). Palanivelu, (2006) 
showed that both endo- and exo-
polygalacturonases have four motifs (NTD, 
G/QDD, G/SHG and RIK), the two catalytic 
regions (G/QDD and G/SHG) are strictly 
conserved and the other two substrate-binding 
regions are highly conserved in all PGases. The 
polygalacturonase genes were cloned from 
different plant tissue, such as leaves, flower buds, 

dehiscence zone and fruits (Gayathri and Nair, 
2014). The expression of the polygalacturonase 
genes were found to be different in tissue 
(Ogasawara et al., 2007), with a noticeable 
increase at fruit and pod maturation (Atkinson, 
1994). In the present work, the full-length PG 
gene sequence of the e polygalacturonase (PG) 
cDNA was carried out using 3' and 5' RACE 
procedures to understand and investigate its role 
in sesame capsule shattering upon maturation. 
The cloned cDNA could be used to develop 
transgenic sesame plants with suppressed 
expression in an attempt to reduce capsule 
shattering.  
 
MATERIALS AND METHODS 

1- Plant materials  
Sesame seeds Sesamum indicum L. cv. 

Sohag 1 were kindly provided by Field Crops 
Research Institute, ARC, Giza, Egypt. 

2- Polygalacturonase (PG) gene isolation: 
Generating degenerate primers: Degenerate 

primers for polygalacturonase (PG) gene cloning 
were designed using published polygalacturonase 
gene sequences in the NCBI web site. The 
resulted sequences were aligned together using 
vector NTI program (Life technology, USA). Three 
highly conserved regions were identified and were 
used to generate primers (Table1). A complete list 
of primers used for the cloning of the full-length 
gene is provided in Table (2).  

DNA isolation:  
DNA isolation was isolated using CTAB (Cetyl 

trimethyl Ammonium Bromide) method following 
the procedure of Murray and Thompson (1980). 
The isolated DNA was loaded into 1.0% agarose 
gel, followed by electrophoresis; the gel was 
visualized using gel documentation system 
(BioRad, Cat#AM 1907 USA).  

RNA isolation:  
RNA was isolated from 2-3 months old 

sesame plants cv. Sohag 1 (planted in open field). 
Leaves, full capsules, capsules-wall, and false 
septum tissues were collected and immediately 
immersed in liquid nitrogen. In the lab, RNA was 
isolated from 100 mg fresh tissues using Pure-link 
RNA Mini Kit (Ambion, USA, Cat#12183018A) 
following the manufacturer provided protocol.  
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Table1. List of conserved regions used to design degenerate primers for isolating partial 

sequences of Polygalacturonase gene in sasame. 

Accession No. Scientific name Conserved I Conserved II Conserved III 

AAF71160 Actinida chinesis SPNTDGIH TGDDCIS NPIIIDQ 

ACJ06507 Diospyros kaki SPNTDGIH TGDDCIS NPIIIDQ 

ACM47314 Capsicum annuum SPNTDGIH TGDDCIS NPIIIDQ 

AAX09642.1 Malus domestica SPNTDGIH TGDDCIS NPIIIDQ 

BAC22688 Pyrus communis SPNTDGIH TGDDCIS NPIIIDQ 

AER27667.1 Pyrus pyrifolia SPNTDGIH TGDDCIS NPIIIDQ 

CAA54448.1 Prunus persica SPNTDGIH TGDDCIS NPIIIDQ 

CAA11846.1 Rubus idaeus SPNTDGIH TGDDCIS NPIIIDQ 

AAC26512.1 Cucumis melo SPNTDGIH TGDDCIS NPIIIDQ 

AES69485.1 Medicago truncatula SPNTDGIH TGDDCIS NPIIIDQ 

NP_001237524.1 Glycine max SPNTDGIH TGDDCIS NPIIIDQ 

AAA32914.1 Persea americana SPNTDGIH TGDDCIS NPIIIDQ 

CAA90272.1 Brassica napus SPNTDGIH TGDDCIS NPIIIDQ 

ADP09681.1 Cucurbita pepo SPNTDGIH TGDDCIS NPIIIDQ 

NP_001233795.1 Solanum lycopersicum SPNTDGIH TGDDCIS NPIIIDQ 

 
 

Table 2. Sequences of primers used for isolation of the PG gene full sequence. 

Primer Sequence (5'-3') Con. (pmol) Length 

Deg R1 
Deg F21 
Deg F1 

3' RACE Outer Pri* 
PG-3' outer RACE2 
3' RACE Inner Pri* 
PG-3' inner RACE2 

For deg PG3 
Rev PG3 

5'RACE Outer Pri* 
PG-5' outer RACE4 
5' RACE Inner Pri* 
PG-5' inner RACE4 

TTGRTCTATGATDATDGGRTT 
ACWGGWGATGAYTGYATH 

AGYCCHAAYACNGAYGGHATYCAY 
GCGAGCACAGAATTAATACGACT 
TGGCAGGGAGGATCTGGCTAT 

CGCGGATCCGAATTAATACGACTCACTATAGG 
CCCCATAATCATAGACCAA 

TTYGGNGCNRWNGGNGAYGG 
CCACAGTAGATGTTCTTCATC 

GCTGATGGCGATGAATGAACACTG 
GGGAACCAAGAGAACTGATT 

CGCGGATCCGAACACTGCGTTTGCTGGCTTTGATG 
GTTTCCATGCATTGACAAAGGCCTG 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

21 
18 
24 
23 
21 
32 
19 
20 
20 
20 
20 
35 
25 

 
Primers labeled with (*) are provided with the RLM-RACE Kit 

Primers labeled with (1) were used to generate PS1 
Primers labeled with (2) were used to generate PS2 
Primers labeled with (3) were used to generate PS3 
Primers labeled with (4) were used to generate PS4 

 
RNA quality and concentration were 

determined using nanodrop apparatus (BioRad, 
Cat # AM 1907 USA) by measuring the nucleic 
acid absorption of 1.0 µl from each RNA sample 
at optical density 260 and 280. 

Generation and cloning cDNA of partial 
polygalacturonase gene sequence:  

TURBO DNA-free™ kit (Ambion, USA, Cat 
No. AM1907) was used for removal of any DNA 
contaminants from RNA samples following the 

manufacturer provided protocol. Then synthesis of 
cDNA was performed using MMLV™ reverse 
transcriptase enzyme (Promega, USA, Cat no. 
M170B) following the manufacturer protocol. The 
following components were added in an ice chilled 
PCR tube: 5.0 µl RNA (1.0 µg), 1.0 µl Oligo dT, 
1.5 µl dNTP’s (10 mM) mix and 7.5 µl ddH2O in a 
total reaction volume of 15.0 µl. The reaction was 
incubated at 70ºC for 5 min, followed by 
incubation in ice for 30 sec. Then, the following 
components were added to the tube: 0.4 µl 
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Ribonuclease inhibitor (10 U/µl), 4.0 µl 5X RT 
buffer, 1.0 µl RT enzyme, in a total volume of 20.5 
µl. The components were gently mixed and 
incubated for 60 min at 42ºC, followed by 5 min 
incubation at 70ºC. The PCR reaction consisted 
of: 1.25µl dNTPs (2.5 mM), 2.5 µl MgCl2 

(25.0mM), 2.5µl 10X PCR buffer, 1.0 µl of forward 
and reverse primers (10.0 pmol), 14.45 µl ddH2O, 
0.3 µl Taq (50 U/µl) SERVA™ and 2.0 µl first 
strand cDNA; the final reaction volume was 
adjusted to 25.0 µl. The PCR conditions were as 
follow: denaturing at 95ºC for 5 min, followed by 
35 cycles of 95ºC for 1 min, 52ºC for 40 sec, and 
72ºC for 1 min, and one cycle at 72ºC for 4 min. 
For cloning of PS3, new primers set were 
designed according to the PS1 sequence 
obtained from the cloned fragment (Table 2). In a 
fresh PCR tube, the following components were 
added: 13.0 µl of Master Mix (Takara, Japan. 
Cat#RR310A), 1.0 µl each of forward and reverse 
primers (10 pmol each), 8.0 µl ddH2O and 2.0 µl 
original cDNA in total volume 25.0 µl (Table 1). 
After brief mixing, the PCR was conducted as 
follow: denaturation at 95ºC for 5 min, followed by 
35 cycles of 95ºC for 1 min, 50ºC for 40 sec and 
72ºC for 1 min and one cycle at 72ºC for 4 min. 

3’ and 5’ RLM-RACE reaction:  
The RNA Ligase Mediated-Rapid 

Amplification of cDNA Ends (RLM- RACE) Kit 
from Ambion (Ambion, USA, Cat No. AM1700) 
was used to amplify the full-length cDNA 
fragments following the manufacturer protocol. 
The list of primers used for amplifying the 3' and 5' 
is provided in Table (2).   

Gel-purification and cloning into pGEM-T Easy 
Vector:  

The different partial sequences and the full-
length gene products were cloned into pGEM-T 
Easy Vector System 1 (Promega, USA, 
Cat#A1360) by excising the corresponding bands 
from gels and purified it using innuPREP gel 
extraction kit (analytikjena, Germany, Cat 
no#KS5030). The different purified DNA 
fragments were then cloned into pGEM-T Easy 
vector, followed by transformation into DH10β 
competent cells (Sambrook and Russell, 2001). In 
screening the white colonies were selected and 
overnight cultured for plasmid isolation using 
Innuprep Plasmid Mini kit (analytikjena, Germany, 
cat # KS-5040). Confirmation of inserts size was 
conducted via EcoR1 digested (Fermentas, USA, 
Cat#FD 0274), followed by sequencing.  
 

Sequence alignment and phylogenetic tree  
Sequence alignment was conducted using the 

National Center for Biotechnology Information 
websitehttps://blast.ncbi.nlm.nih.gov/Blast.cgi.Tra
nslation and alignment of sequences were 
conducted using an online Expasy software 
programhttps://web.expasy.org/translate.Phylogen
etic trees were conducted using iTOL online 
software https://itol.embl.de/tree/.  
 
RESULTS AND DISCUSSION 

For purifying the polygalacturonase (PG) gene 
sequence from dicotyledon plants (mRNA gene 
sequences), three degenerate primers (Deg F1, 
Deg F2 and Deg R) were designed based upon 
previously published using Vector NTI program 
(Life technology, USA, Table 2).  

Three major highly conserved regions were 
identified (Table 1). Before starting the RT-PCR 
experiments, it was important to test the designed 
degenerate primers to confirm its efficiency for 
binding to the target gene. DNA was isolated from 
sesame seedlings, and was used as template with 
the designed primers in PCR reaction. Two 
fragments of 300 and 345 bp length were 
amplified (Figure 1.b and 1.d). The fragments 
were gel-purified, followed by cloning into pGEM 
T-easy vector, and confirmation of cloning via 
EcoRI-digestion (Fig. 1.c & 1.e). 

The two fragments were sequenced, and the 
obtained results confirmed the homology of the 
cloned partial-cDNAs to the published 
polygalacturonase gene sequences in the 
database. The 300 bp fragment were compared to 
other related sequences available at that time and 
results showed homologies of 66, 65 and 63%, 
respectively to Vitis vinifera, Citrus sinensis and 
Brassica rapa sequences; while the 345 bp 
fragment had a homology of 70, 67 and 60%, 
respectively to Vitis vinifera, Citrus sinensis and 
Arabidopsis thaliana.  

It is a well-known fact the polygalacturonase 
genes are highly expressed in fruits and plant 
tissue upon maturation (Fabi et al., 2014). 
Therefore, we isolated RNA from different sesame 
tissues (leaves, capsules, and capsule wall), and 
used the isolated RNA to generate cDNAs using 
reverse transcriptase enzyme (Figure 2); yet due 
to the unsuccessful amplification of any cDNA 
fragment from leaves, capsules and capsule-wall 
tissues (Figure 2), the capsules and extract of the 
false-septa tissues were selected to be used for 
RNA isolation and generation of cDNA. 
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Figure 1. Isolation of the PG gene fragment 1 and 2 (a) DNA isolated from sesame seedling. (b) 
Amplified of 345 bp partial fragment from sesame using Deg F1 primer. Lane 1: negative control. 
Lane 2: fragment 1. (c) Cloning into pGEM-T easy vector and EcoRI digestion. (d) The 
Amplification of 300 bp partial fragment from sesame using Deg F2 primer. Lane 1: negative 
control. Lane 2: fragment 2. (e) Cloning into pGEM-T Easy vector and EcoRI digestion. M: 1kb 
ladder DNA marker. 
 

 
              
Figure 2. Reverse transcriptase reaction for different tissues. Lane 1, 5, and 9: positive 
control (DNA); lane 2, 6, and 10: negative control (H2O); lane 3, 7, and 11: - RT; lane 4, 

8, and 12: RT reaction. 
In sesame, and upon capsules maturation, 

false septa act as a dehiscence zone, therefore, it 
shows weakness upon capsules maturation and 
dryness “due to pectin degradation via 
polygalacturonase”, and leading to cell-wall lysis 
of the false septa and capsule opening that is 
usually coupled with seed-shattering (Babu and 
Bayer, 2014). Partial polygalacturonase 
sequences of 277 bp (PS1) was amplified (Figure 
3), and when cloned into pGEM-T Easy vector 
followed by sequencing, the 277 bp fragment had 
a 97% homology to a predicted sesame 
polygalacturonase sequence (Accession No. 
XM011076731, Figure 4). Further isolation of PG 
gene ends (5’ and 3’) fragment was carried out 
using 3’, 5’ RACE kit (Ambion, USA, Cat # 
AM1700), using manufacturer- provided protocol. 
From the 3’ reaction, a fragment of 639 bp was 
successfully amplified (PS2) (Figure 5 a & b), 
amplified partial sequence 3 (PS3) which was 632 
bp in size (Figure 5 c & d) and from the 5’ reaction 

314 bp fragment (PS4) was obtained (Figure 5 e 
& f). An illustration of the full-length gene 
sequence with the different partial sequences is 
provided in Figure (6). The SiPG gene was 
published at database under accession number 
LC279244. Sequence analysis of full-length 
cloned polygalacturonase cDNA of S. indicum 
revealed that the gene consist of 1671 
nucleotides, with a 5’ UTR that span till base no 
46 followed by the coding region from 47 till 1392 
and the 3’ UTR region that stretched from1393 till 
1671 Figure (7). The sesame-PG gene sequence 
when compared with the predicted accession 
(XM_011076731), it showed that 95.52% 
similarity. It was found that the sequenced gene 
was 51 bp longer at the 3’UTR than the predicted-
PG sequence. In general, most of the differences 
in the coding region (42 nucleotides) were at the 
5’ end from the start codon till base no.173 Figure 
(8). 
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Figure 3. Isolation of the partial sequence of the PG gene (a) RNA isolation from false septa tissue. 
(b) The amplified partial sequence of PG at expected size 277bp by Deg. F2. lane 1: partial 
sequence. Lane 2: Negative RT. (c) Cloning and EcoRI digestion. 100bp and 1kb ladder DNA 
marker. 

 

Figure 4. Alignment between the partial PG fragment with predicted PG gene sequence of S. 
indicum in database. 

 

 
Figure 5. The PG 3'and 5' amplification. (a) 3' reaction: lane 1: inner 3' RACE PCR, Lane 2: outer 3' 
RACE PCR. (b) 3' cloning and SalI & SacII digestion. (c) The amplified partial sequence 3 of PG: 
lane 1: RT reaction, lane 2: negative RT, lane3: negative control. (d) Partial sequence 3 cloning 
and EcoRI digestion: lanes 1, 3, 5 digested fragments, lanes 2, 4, 6 undigested plasmids; (e) 5' 
reaction: lane 1:  inner 5' RACE PCR, lane 2: outer 5' RACE PCR and (f) 5' cloning and EcoRI 
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digestion: lanes 1, 3, 5 digested fragments, lanes 2, 4, 6 undigested plasmids. M: 100bp and 1kb 
ladder DNA marker. 

 

 
 
 
Figure 6. The primers and expected amplified fragments used to amplify the PG cDNA sequence. 
a. The primer set Deg F2 and Deg R amplified a fragment of 227 bp (PS1) from 818 to 1093, b. the 
RACE primers for 3' sequence (PS2) from 1076 to 1671 bp, c. primers For deg and Rev PG 
amplified a fragment of 632 bp (PS3) from 254 to 885 and d. the RACE primers for 5' sequence 
(PS4) sequence from 1 to 314 bp.     

  

 
 

 Figure 7. The PG full gene sequence. The full sequence is 1671 bp, the start codon in 47 bp and 
stop codon in 1395 bp. 

Full length 1671 bp   5’  3’ 

 D  314 bp 

C  632 bp 

A  277 
bp 

B  639 bp 

For deg 
PG 

Rev PG 

 

RACE pri 

RACE pri 

RACE pri 

RACE pri 

Deg F2 

Deg R 



Sultan et al.,                 Expressed Polygalacturonase Gene Homologue from Sesame (Sesamum indicum L.) 

 

                                             Bioscience Research, 2018 volume 15(4): 3175-3187                                                  3182 

 

 

 
 

Figure 8. Alignment of the full siPG sequence with predicted PG sequence from predicted S. 
indicum in the database. 

 

 
 

   Figure 9. Open reading frame (ORF) contains 464 amino acids for siPG gene. 
 

 Translation analysis revealed that the SiPG 
gene consisted of 464 aa Figure (9) under 
accession no. BAZ92404, and when aligned using  

 
MAFFT, the protein was found to be  

of high similarity to previously predicted PG 
proteins in the database. Further analysis 
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indicated that in total 22 amino acid changes were 
observed between the sequenced PG gene and 
the predicted sequence in the database Figure 
(10). The amino acid sequence of SiPG is aligned 
with the amino acid sequences of endo- and exo-
PGs from plants published in database. The 
similarity to endo-PGs isolated from peach is 
(37.75% identity), canola is 42.27% identity and 
pepper is 44.13% identity (Fig. 11). Also, the 
homology with exo-PGs from sesame is 33.17% 
identity, Arabidopsis thaliana is 32.48% identity 
and corn is 31.98% identity (Fig. 12). This 
indicated that the homology of SiPG is much more 
similar with endo-PGs than exo-PGs. Moreover, 
phylogenetic tree based on amino acid sequences 
from endo-PGs (Peach, CAA54150; canola, 
CAC05658; pepper, BAE47457), exo-PGs 
(sesame, XP-011073814; sesame, XP-
011082446; Arabidopsis thaliana, CAA51033; 
corn, NP-001105432) and SiPG BAZ92404 was 
generated. According to (Fig. 13) we found 3 
clades A (Maize), B (Sesame and Arabidopsis 
thaliana) and C (peach, canola and pepper). 
Results show that siPG is located in clad C which 
includes endo-PGs. On the other hand it is less 
related to clads A & B, which includes exo-PGs 
only. Further analysis for amino acid alignments 
between the SiPG and endo-PGs from peach, 
canola and pepper showed 8 conserved regions 
including GPC, SPNTDGIH, TGDDC, 
CGPGHGISIGSLS, RIK, NPI, IDQ and GTS 

motifs. On the other hand, alignment of available 
exo-PGs in database (Maize, Sesame and 
Arabidopsis thaliana) resulted in identification of 6 
motifs (GPC, NTDGIH, GDDC, CGPGHG, GSLG 
and RIK/VE). There are 4 common motifs 
between endo-PGs and exo-PGs (NTDGIH, 
GDDC, CGPGHG, RIK/VE) and this results are in 
agreement with Palanivelu (2006). In addition to 
the 4 identified mentioned motifs one more new 
motif (GPC) is common among PGs. The rest of 
other identified motifs will contribute in 
identification and differentiation between endo-
PGs and exo-PGs in other plants (Fig.11, 12). 
Further analysis of the protein clearly indicated 
the presence of a conserved domain (312 aa long: 
from 93-405) known as glycosyl hydrolases family 
28 (Glyco_hydro_28), with an e-value of 3.82e-71 
(Fig. 14). This family includes polygalacturonase 
(EC: 3.2.1.15). Protsenko et al., (2008) reported 
that PGIP is an extracellular leucine-rich repeat-
containing protein and it performs important 
functions in the structure of plant cell wall. The 
degree of methylation and the mode of distribution 
of homogalacturonan methyl groups are 
responsible for the formation of a complex 
structure, which perhaps determines the 
specificity of PGIP binding to pectin. In general 
this family also includes rhamnogalacturonase A 
(EC: 3.2.1). Both of These enzymes play 
important role in cell wall metabolism.

 

 
 

Figure 10. Alignment results between the amino acid sequence of SiPG and predicted PG. The 
different amino acids appeared in red color. 
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Figure11. Multiple sequence alignment of EndoPGases (Peach, CAA54150; canola, CAC05658; 
pepper, BAE47457) with the full SiPG sequence BAZ92404 using CLUSTALW. Conserved motifs 
are indicated by yellow color. 
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Figure 12. Multiple sequence alignment of ExoPGases (sesame, XP-011073814; sesame, XP-
011082446; Arabidopsis thaliana, CAA51033; maize, NP_001105432) with the full SiPG sequence 
BAZ92404 using CLUSTALW. Conserved motifs are indicated by blue color. 

 
 
Figure 13. Phylogenetic tree of SiPG, BAZ92404 and other plants based on amino acid sequences 
homology. Species and accession numbers: Peach, CAA54150; canola, CAC05658; pepper, 
BAE47457; sesame, XP-011073814; sesame, XP-011082446; Arabidopsis thaliana, CAA51033; 
maize, NP-001105432). 
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Figure 14. The identified glycosyl hydrolases conserved domain in the S. indicum PG gene. 

CONCLUSION 
Using RT-PCR and RACE procedure, we 

successfully get full amplified and cloned the 
polygalacturonase gene (PG) from false septa 
tissue in sesame plant cv. Sohag 1. 
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