BIODIVERSITAS
Volume 23, Number 8, August 2022
Pages: 4223-4233

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d230846

Isolation and characterization of IbAE7-like 1 gene encoding the
cytosolic iron-sulfur cluster assembly pathway in response to skinning
injury in sweetpotato

JOLLANDA EFFENDY"

Department of Plant Breeding, Faculty of Agriculture, Universitas Pattimura. JI. Ir. M. Putuhena, Poka Campus, Ambon 97233, Maluku, Indonesia.
Tel.: +62-911-322499, Yemail: jeffendy@alumni.sfu.ca

Manuscript received: 10 April 2022. Revision accepted: 1 August 2022.

Abstract. Effendy J. 2022. Isolation and characterization of IbAE7-like 1 gene encoding the cytosolic iron-sulfur cluster assembly
pathway in response to skinning injury in sweetpotato. Biodiversitas 23: 4223-4233. Skinning injury is a major constrain in postharvest
loss in sweetpotato due to the loss of skin from the surface of the roots. ASYMMETRIC LEAVES1/2 ENHANCER?7 (AE7) is an important
cytosolic iron-sulfur (Fe-S) protein assembly (CIA) pathway. A partial cDNA Ibl51 encoding AE7-like 1 was isolated from a skinning
injury cDNA library to evaluate its potential role in response to skinning injury. The open reading frame of IbAE7-like 1 consisted of
324 nucleotides and the deduced polypeptide sequences consisted of 108 amino acids with missing 46 amino acid residues at 5’ end. The
amino acid sequence of IbAE7-like 1 shared 100% identity to AE7-like 1 previously identified in Ipomoea triloba and Ipomoea nil and
89.91-100% identity from other plants species. The findings indicated that AE7-like 1 was highly conserved in Ipomoea sp. In addition
to similarity to AE7-like 1, IbAE7-like 1 also showed similarities to MIP18 (89.91-93.52%); DUF59 (91.67%); FAM96B (90.74%); and
proteins with unknown function (90.74-91.67%). IbAE7-like 1 mRNA transcripts showed transient expression in response to skinning
injury. The phylogenetic analysis classified IbAE7-like 1 into three main classes. This study revealed IbAE7-like 1 may play a key role

in plant defense and wound repair to prevent DNA damage due to skinning injury in storage roots of sweetpotato.
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INTRODUCTION

Exogenous and endogenous genotoxic stressors are
continually present in eukaryotic genomes, and these
pressures commonly cause DNA damage. The Arabidopsis
thaliana gene ASYMMETRIC LEAVES1/2 ENHANCER7
(AET) encodes a protein that is found in a wide range of
eukaryotic species, from unicellular yeasts to humans.
Although protein AE7 is assumed to be a key component of
the cytosolic iron-sulfur (Fe-S) protein assembly (CIA)
pathway, protein AE7-like 1 and 2 (both of which possess
this domain) are unlikely to be involved (Luo et al. 2012).

Iron-sulfur (Fe-S) clusters have been identified as
cofactors in several proteins essential for DNA repair
and/or replication (Fuss et al. 2015). Small inorganic
protein cofactors, Fe—S clusters serve as electron carriers in
redox processes, catalysts in chemical reactions, regulatory
sensors of environmental variables, sulfur donors for other
cofactors, and devices for protein domain and genome
stability (Lanz and Booker 2012; Paul and Lill 2015). Fe-S
proteins are present in the mitochondria, cytosol, and
nucleus of eukaryotic cells (Andreini et al. 2017; Lill
2020). Fe-S proteins have a role in a variety of activities,
including mitochondrial energy generation, amino acid
biosynthesis, cofactor biosynthesis, tRNA maodification,
and many aspects of protein translation as well as DNA
creation and maintenance {Lill et al. 2015a; Lill et al.
2015b; Piccioli 2018; Lill and Freibert 2020; Shi et al.
2021). Recent research has made significant progress in our

knowledge of how Fe-S clusters are assembled and inserted
into cytosolic and nuclear target proteins. Furthermore, the
synthesis of Fe-S clusters is connected to the stability of
the nuclear genome (Paul and Lill 2015).

Several RNA-imaging methods, including differential-
display reverse transcription polymerase chain reaction
(DDRT-PCR) techniques, have previously been utilized as
a first step in identifying differentially expressed genes
(DEGS) under salt stress treatments in tomato roots (Wei et
al. 2000; Babajani et al. 2009); ripening related pectin
methylesterase inhibitor in banana fruit (Srivastava et al.
2012); MYB gene associated with calyx persistence in
Korla fragrant pear (Wang et al. 2014); and seed
development in Carya cathayensis Sarg. (Huang et al.
2015). To isolate DEGs, however, it is usually preferable to
use a simple PCR-based sensitive yet reproducible
technique that requires highly specific and short arbitrary
primers. A recently designed technique used to identify
differences in gene expression based on PCR is established
by Hwang et al. (2003) and is known as GeneFishing™.
GeneFishing™ is an innovative primer design known as
the annealing control primer (ACP) method, which offers
an effective primer with annealing specificity that
selectively targets sequence hybridization to the template
via a polydeoxyinosine poly(dl) linker (Hwang et al. 2003;
Lee et al. 2012). The ACP technology approach is based on
a unique tripartite structure of a particular oligo-nucleotide
primer with its 30 and 50 ends divided by a regulator, and
the interaction of each end of this primer during a two-
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stage PCR. The use of the ACP to DEG identification
yields reproducible, accurate, and lengthy (100 bp to 2 kb)
PCR products visible on agarose gels due to the high
annealing specificity during PCR. This technique has been
used to identify abundant, transient, and rarely expressed
candidate genes induced in response to skinning injury in
sweetpotato (Effendy et al. 2013; Effendy et al. 2019);
Blumeria graminis f. sp. tritici (Bgt) in wheat (Song et al.
2014); Ralstonia solanacearum phylotype | strain in
Solanum lines (Baichoo et al. 2016); hypoxia in mouse
embryonic stem cell (Hwang and Lee 2021). In this study,
the ACP technology was used to isolate and characterize a
sweetpotato partial cDNA clone encoding IbAE7-like 1.
This novel IbAE7-like 1 may play key roles in plant
defense and wound repair to prevent DNA damage in
response to skinning injury in storage roots of sweetpotato.
The cDNA sequences, similarity, and phylogenetic analysis
among related genes are also discussed in this paper.

MATERIALS AND METHODS

Plant materials

As described in Effendy et al. (2013; 2019),
sweetpotato storage roots cultivar LA 07-146 that were
freshly reaped, were cleansed, blotted, and scraped with a
razor scraper (Titan 11030; Star Asia-USA, Renton, WA)
to exfoliate the thin exterior pigmented skin. The roots
were skinned and peeled to the same thickness (1.2 mm) at
0, 2, 4, 8, and 12 hours after skinning, with the peels
subsequently frozen in liquid nitrogen and preserved at -
80°C for RNA extraction. As replicates, three individual
roots were selected for each time point.

RNA isolation, cDNA preparation and ACP-based
gene-fishing PCR

Total RNA was isolated using the RNeasy Mini Kit
(Qiagen, Valencia, CA) according to the manufacturer
guidelines (Effendy et al. 2013; Effendy et al. 2019). A
spectrophotometer (ND-1000; Nanodrop Technologies,
Wilmington, DE) was used to measure the quantity and
quality of total RNA. To identify unique transcripts that
may have escaped in one of the replicates due to technical
faults during the GeneFishing™ research, an aliquot of 2
pg RNA from three biological replicates isolated from
storage root tissues for each time point was pooled. In
addition, 3 ug RNA isolated from storage roots at 8 and 12
h was pooled to form a four-sample size for efficiency of
PCR handling during gene fishing.

As reported previously by Effendy et al. (2013; 2019), a
GeneFishing™ DEG premix kit (Seegene, Rockville, MD)
was used to synthesize first-strand cDNA synthesis. At
each time course experiment, an aliquot of 3 pug RNA
isolated from storage roots from independent replicates was
pooled, with the exception of 8 h and 12 h, which were
pooled together. The GeneFishing™ DEG premix kit
instructions from Seegene, Rockville, MD, were used to
complete second strand cDNA synthesis and following
PCR amplification in a single tube (Lee et al. 2012;
Effendy et al. 2013; Effendy et al. 2019). During the
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second-stage PCR, twenty ACP primers were utilized, and
further PCR amplification was undertaken in a single tube
utilizing the GeneFishing™ technique. DEG premix kit
manual (Seegene, Rockville, MD) was used to capture
DEGs in this study.

Cloning of Differentially Expressed Genes (DEGS)

The fragments belonging to DEGs were excised and
extracted according to the manufacturer guidelines
(QlAquick® Gel Extraction Kit Qiagen, Valencia, CA)
depending on the presence/absence or relative intensity of
ACP-PCR products between control and skinning samples.
The DEGs were then cloned into the pGEM®-T Easy
vector (Promega, Madison, WI) after being sliced from the
gel. Colony PCR was utilized to confirm the nucleotide
sequence of positive colonies from DEGs using the M13
reverse (5-CAGGAAACAGCTATGACC-3") and MI13
forward (5-GTAAAACGACGGCCAGT-3") universal
primers. In an ABI 3730xI DNA Analyzer, plasmids
extracted from these clones were single-pass sequenced
with T7 primer as per the manufacturer’s guidelines.

Nucleotide and deduced amino acid sequencing
analyses of DEGs

The vector backbone and poly (A) tail were manually
removed from DNA sequences before being searched
against NCBI's nonredundant nucleotide and protein
database using the BLASTN and BLASTX interface
(Altschul et al. 1997). The positive cDNA clone that was
found to be similar to AE7-like 1 was given the name
IbAE7-like 1 and was used for further studies. A total of
100 BLASTX matches that were similar to IbAE7-like 1
were grouped based on the type of genes and the number of
occurrences of each gene, as well as similarity to AE7-like
1 for Ipomoea sp. The ClustalW program (Larkin et al.
2007) was used to align and compare sequences in order to
spot homologs and estimate the functions of differentially
expressed gene products in order to construct multiple
sequence alignment in which three samples were chosen to
represent each gene. The NCBI ORF Finder
(http://www.ncbi.nlm.nih.gov/gorf/gorf.html) was used to
predict the open reading frame and protein. BioEdit
Sequence Alignment Editor was used to identified
conserved amino acid sequences (Hall 1999). Using the
bootstrap method with 1,000 bootstrap iterations, the
unrooted phylogenetic tree was constructed from the
deduced amino acid sequences for IbAE7-like 1 and other
AE7-like 1 homologs from other Ipomoea species and
other genes from other plants that exhibited similarities.
The branching sequence is displayed in this tree, but the
root or location of the last common ancestor is not
specified. The phylogenetic tree was built using FigTree
v1.4.3.x (Rambaut 2017) and the.dnd file generated in
ClustalX2 (Larkin et al. 2007).
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RESULTS AND DISCUSSION

Isolation and analysis of a candidate partial cDNA
using ACP GeneFishing

The GeneFishing technology was used to identify genes
that are differentially expressed during skinning injury by
using total RNA isolated from freshly harvest storage roots
exposed to skinning injury at O, 2, 4, and combined (8 +
12) h. The impact of skinning injury on storage root RNA
population was analyzed, and the speed with which
changes in mRNA population occurred after skinning
injury was quantified and used for ACP-PCR. An ACP18
primer was used in the experiments resulted in
amplification of DEGs in storage roots in response to
skinning injury. Based on the differential expression level
of mRNA fragments observed on agarose gel, a DEG of
interest was isolated and namely Ibl51. Ibl51 showed
higher expression at 0 + 4 h, and decreased at 2 and (8 +
12) h (Figure 1). This result showed that upon the onset of
skinning injury, IbI51 mRNA transcripts were transiently
regulated. Rapid induction of IbI51 mRNA at 4 h might
indicate its involvement in DNA replication and/or repair
(Luo et al. 2012).

Identification of a cDNA encoding AE7-like 1 from
storage roots of sweetpotato

An ACP18 primer used in the experiment showed
changes in the amplification of DEG in storage roots after
skinning injury at 0, 2, 4, (8 + 12) h. A cDNA clone was
isolated and its sequence was determined. The cDNA
product of interest was excised, re-amplified and then
cloned. The insert of cDNA clone was sequenced and
submitted to the NCBI server for comparison. Based on

A

M 0 2 4 8
mggg!!<_|bls1
2000
1500 -
1000 =

S8

Primer: ACP18

Isolation and characterization of IbDAE7-like 1 gene

4225

BLASTN search, IbI51 showed similarity to AE7-like 1
and namely IbAE7-like 1.

Without and with the exception of the deletions and
substitutions of few nucleotides, analysis of the 3’
untranslated region (UTR) of the IbAE7-like 1 cDNA clone
with InAE7-like 1 and ItAE7-like 1 revealed a very high
identity (98.7% and 98.2% identity) among these clones
(Figure 2). The 3' UTR of IbAE7-like 1, INAE7-like 1 and
ItAE7-like 1 are almost identical except INAE7-like 1 has
additional one nucleotide T at position of 768 (Figure 2).

3' UTRs have been classed as new posttranscriptional
regulatory elements since they have been found to regulate
gene expression in bacteria by affecting mRNA stability
and translation in both trans and cis (Ruiz de los Mozos et
al. 2013; Laalami et al. 2014; Zhao et al. 2018).
Conventionally, transcriptional terminators were assumed
to make up the majority of bacterial 3' UTRs. Nevertheless,
transcriptional ~ terminators  seldom exceed 40-50
nucleotides in length; hence, 3' UTRs with longer lengths
(>100 nt) have been suggested to have additional
regulatory elements (Ruiz de los Mozos et al. 2013).

According to new research, 3' UTRs are crucial in
controlling gene expression in bacteria (Ren et al. 2017). 3'
UTRs, specifically, is able to predict mRNA destabilization
(Siegel et al. 2022) and control the speed of mRNA
degradation and translational initiation (Maeda and Wachi
2012; Lopez-Garrido et al. 2014; Liu et al. 2016; Zhu et al.
2016). Furthermore, 3' UTRs include a large number of
small non-coding RNAs (SRNAs) that can be used to
control gene expression selectively (Kim et al. 2014; Tree
et al. 2014; Miyakoshi et al. 2015; Chao and Vogel 2016;
Peng et al. 2016).

B 15 16
M — e — ]

. v, \ 1 { ) 4
T —— ————

33

"
“
- <—|b|51

..v~

Figure 1. ACP-PCR product using ACP18 and a positive clone 1bI51. (A) ACP-PCR products of mRNA extracted from non-treated (0
h) sweetpotato storage roots, as well as skinning injury treatment for 2, 4, and (8 + 12) h. The primer ACP18 was used in ACP-PCR.
ACP-PCR products that were cut from the gel and cloned are indicated by arrows. Sweetpotato cDNA is displayed in a variety of ways.
At 0, 2, 4, and (8 + 12) hours following skinning treatments, GeneFishing revealed amplification products of IbI51 utilizing ACP
arbitrary primer ACP18. (B) The M13 Reverse and M13 Forward universal primers were used to determine the nucleotide sequence of
positive cDNA clone Ibl51. ACP stands for annealing control primer, and M stands for DNA ladder marker. Differentially amplified

cDNA bands are marked by arrows
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Figure 2. Sequence alignment of IbAE7-like 1 in response to skinning injury in sweetpotato and AE7-like 1 from Ipomoea nil and I.
triloba. Star (*) represented same nucleotides, empty space () represented nucleotide differences and dash (-) represented deletions. The
codon ATG is the start codon and the codon TAA is the stop codon that signal the beginning and the termination of translation,
respectively. The consensus polyadenylation recognition sequence AATAAA is double underlined

Zhao et al. (2018) showed that the addition of an RBS
(ribosome binding site) region into 5' end of the 3' UTR of
hmsT, y1235, and y4098 genes (from bacteria, mouse, and
bacteria, respectively) increased the mRNA levels of all
three genes significantly. These findings imply that binding
of particular proteins to the 3' UTR, such as ribosomes, can
protect it from destruction, hence promoting the stability of
upstream mRNA (Castello et al. 2012; Zhao et al. 2018).

The sequence alignment showed that IbAE7-like 1 has
one copy of polyadenylation recognition consensus
sequences (AATAAA) that occurred at position 14-18
upstream of the poly (A) site of AE7-like 1 gene (Figure 2).
A similar result by Effendy et al. (2019) showed that
IbSpor also has one copy of AATAAA hexanucleotide. In
contrast, a study by Cole and Stacy (1985) showed that the
thymidine kinase (tk) gene of the herpes simplex virus type
1 has two copies of the AATAAA hexanucleotide.

Figure 2 showed that IbAE7-like 1 has 3 copies of short
GT boxes (6 — 10 consecutive residues are G or T)
downstream of AATAA sequence and before poly (A) site,
while tk gene from herpes simplex virus type 1 has a long
GT box (18 of 19 consecutive residues are G or T). These
GT box previously found to be needed for efficient tk
mRNA processing and polyadenylation (Cole and Stacy
1985). Besides GT box, IbAE7-like 1 also has 3 copies of
short AT-rich elements (5 — 7 consecutive residues are A
or T) that caused rapid mRNA degradation (Chen et al.
1995; Barreau et al. 2005).

Mayr (2017) showed that AU-rich regions are found in
genes that require strict regulation of their expression,
including cytokines, proto-oncogenes, and immune-
regulatory proteins (Chen et al. 1995; Barreau et al. 2005).
In comparison to the transcriptome's median half-life of 7
hours, these genes had mRNA half-lives of less than 30
minutes (Sharova et al. 2009; Clark et al. 2012; Tani et al.
2012). The importance of these regulatory components in
regulating protein production is highlighted by the fact that
their absence is connected to cancer, chronic inflammation,
and auto-immune disease (Barreau et al. 2005). These

findings suggest that effective polyadenylation involves
AATAAA as well as downstream GT- and AT-rich
regions. Furthermore, sequences at polyadenylation sites
and at more distant regions alter processing and
polyadenylation in both qualitative and quantitative ways.

Similarity of AE7-like 1 with M1P18, DUF59, FAM96B,
and other genes

AE7-like 1 has been isolated from two Ipomoea
species. The BLASTX search resulted in a total of 100 hits
showed that AE7-like 1 was the greatest (58%), followed
by MIP18 (8%), DUF59 (2%), and FAM98B (1%). Other
proteins such as hypothetical protein  (23%),
uncharacterized protein (4%), unnamed protein (2%), and
unknown function protein (2%) (Figure 3). The AE7
encodes for a protein that belongs to the Domain of
Unknown Function 59 (DUF59) family, which has a long
evolutionary history (Bernard et al. 2013; Couturier et al.
2013; Mashruwala et al. 2016; Mashruwala and Boyd
2018). Yuan et al. (2010) demonstrated that AE7
expression was affiliated with proliferating cells in a
similar manner to that of the cell cycle marker gene
HISTONE4 and that the DNA repair gene RAD51 was
induced in the ae7 mutant using the DNA damaging
agents: methyl methanesulfonate (MMS) and cisplatin.
This study indicated that AE7 may play a role in DNA
replication and/or repair (Yuan et al. 2010). Luo et al.
(2012) utilized two AE7 mutants, ae7-1 allele (weak ae7)
and ae7-2 allele (strong ae7) in their research. The result
revealed that the ae7-1 allele is viable but causes DNA
damage, which activates DNA damage responses, causing
the cell circle to terminate, whereas the ae7-2 allele causes
embryo death (Luo et al. 2012).

MIP18 is an MMS19 (methyl-methanesulfonate
sensitivity 19) that interacts protein 18. MIP18 interacts
with both CIAO1 and the Fe-S cluster coordinating area of
target Fe-S proteins (marked by the four Cs, for cysteine)
(Gari et al. 2012; Stehling et al. 2012). Furthermore, van
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Wietmarschenet al. (2012) showed that ADP/ATP
translocase 2 (ANT2) bind to this protein complex to aid
the insertion of Fe-S clusters into target proteins. The
functional Fe-S proteins split from the late acting CIA
complex once the Fe-S cluster is inserted. MIP18 and
MMS 19 are identified as components of the CIA
machinery that play a significant role in Fe-S protein
maturation in this model (Gari et al. 2012; Stehling et al.
2012; van Wietmarschen et al. 2012). The family with
sequence similarity 96 member B (FAM 96B, also known
as MIP18) was sought after as a novel prelamin A binding
partner (Ragnauth et al. 2010). Prelamin A accumulation is
not seen in young healthy vessels, but it is seen in vascular
smooth muscle cells from elderly people, which is
associated with nuclear morphology defects (Liu et al.
2013). As a result, toxic accumulation of prelamin A may
be a novel target for alleviating the effects of age-related
cell dysfunction (Ragnauth et al. 2010). The physical
interaction of FAM96B and prelamin A, suggests possible
role of FAMB96B on cellular senescence (Xiong et al.

BIODIVERSITAS 23 (8): 4223-4233, August 2022

2013). FAM96B was also revealed to be a component of
the cytoplasmic Fe-S assembly (CIA) machinery as part of
a complex with CIAO1, MMS19, and NARFL, three
known CIA system components (Gari et al. 2012; Stehling
et al. 2012; van Wietmarschen et al. 2012). These protein
complexes have been linked to DNA metabolism, DNA
repair, and genomic instability (Gari et al. 2012; Stehling et
al. 2012; Shi et al. 2021).

IbAE7-like 1 together with ItAE7-like 1 and INAE7-like
1 encoding AE7-like 1 have four signature cysteine
residues, for example, Cys83, Cys92, Cys100, and Cys148
(Figure 4). Multiple sequence alignment shows that the
IbAE7-like 1 is missing the first 46 amino acid residues at
the 5’ end when compared with AE7-like 1 from I. nil and
I. triloba. However, IbAE7-like 1 has 10 amino acids at the
5’ end at position 37-46 that are unique in |. batatas that
cannot be found in I. nil, I. triloba also in AE7-like 1,
MIP18, FAM96B and DUF59 from other plants species
(Figure 5).

Top BLAST Hits
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DUF59 B 2%
FAM96B Protein B 1%

Hypothetical Protein BB

Type of Genes

Uncharacterized Protein BB 4%
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Bl 58%

Figure 3. Distribution of genes type and the number of its occurrence in IbAE7-like 1 from sweetpotato in response to skinning injury
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Figure 5. The deduced amino acid sequences alignment of IbAE7-like 1, encoded AE7-like 1 from Ipomoea batatas (Ib), I. nil (In), |
triloba (It), Nicotiana tabacum (Nt), Solanum tuberosum (St), Sesamum indicum (Si), Actinidia chinensis var. chinensis (Ac),
Eucalyptus grandis (Eg), Rhodamnia argentea (Ra), Syzygium oleosum (So), Pyrus x bretschneideri (Pxb), Quercus lobate (QI),
Herrania umbratica (Hu), Malus domestica (Md), Prunus persica (Pp), Manihot esculenta (Me), Jatropha curcas (Jc), Morus notabilis
(Mn), Populus trichocarpa (Pt); MIP18 from Nicotiana sylvestris (Ns), Fragaria vesca subsp. Vesca (Fv), Pyrus ussuriensis x Pyrus
communis (PuxPc), Erythranthe guttata (Eg), Populus euphratica (Pe), Cucumis sativus (Cs); DUF59 from Cephalotus follicularis (Cf);
FAMO96B from Ricinus communis (Rc). At the end of each line, the associated GenBank accession numbers are provided. The residues
of cysteine are represented by black bold characters on a gray setting
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Figure 6. Phylogenetic analysis of the partial amino acid sequence of IbAE7-like 1 with the sequences from other plants. The ClustalX2
program was used to align the amino acid sequences, and FigTree v1.4.3 was used to generate the neighbor-joining tree. The
phylogenetic tree provides the respective GenBank accession numbers
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In general, multiple sequence alignment shows that
IbAE7-like 1, AE7, MIP18, DUF59 and FAM96B have
four signature cysteine residues, for example, Cys95,
Cys104, Cys112, and Cys160 except for EgMIP18 and
CsMIP18 only have 3 Cystein residues (Cys95, Cys104,
and Cys160. Cys112 in EgMIP18 is replaced with His (H),
while in CsMIP18 is replaced with Phe (P) (Figure 5).
Studies by Skryhan et al. (2015) showed that Cys residues
have been found to play a crucial role in the stability of
protein and the signaling of redox. The conserved, surface-
exposed residue R127 in CIALl is responsible for
assembling other subunits of the cytosolic Fe/S protein,
according to point mutations (Paul and Lill 2015). The
conserved Cys residue, which is likewise conserved in
eukaryotes, is essential for CIA2 function (Luo et al. 2012;
Stehling et al. 2012). In addition, the maturation of Fe/S
proteins is suppressed when human CIA2B or its homolog
Cia2 is knocked out (Chen et al. 2012). Other studies by
Liu and Huang (2015) showed that DNA Primase2
(PRIM2) comprises four conserved Cys residues: Cys287,
Cys367, Cys384, and Cys424, which are critical for
coordinating lron-sulfur (Fe/S) clusters (ISCs). Both
PRIM1 and PRIM2 become unstable when point mutation
in Cys residues occurred. The unstable structure of PRIM1
and PRIM2 caused the DNA polymerase-a primase
complex to malfunction, resulting in a halted replication
fork (Liu and Huang 2015). They showed that a single
point mutation of the conserved Cys residues is enough to
impair DNA primase and DNA polymerase functions. This
finding suggests that 1ISCs play a critical role in enzyme
function (Liu and Huang 2015).

Phylogenetic relationship IbAE7-like 1, AE7-like 1 from
Ipomoea species, and other genes (MIP18, DUF59,
FAM96B) from various plant species

The amino acid sequence IbAE7-like 1 was utilized in
this research to investigate their phylogenetic relationship
with AE7 based on BLASTX available in databases. To
examine the relationship between the AE7-like 1 from
Ipomoea sp. and other related genes from other plant
species, an unrooted phylogenetic tree was constructed. As
shown in Figure 6, the AE7 proteins from various plants
could be divided into three distinct classes (I to I11). Class I
contained AE7 and MIP18, Class Il contained AE7, MIP18
and FAM96B, and Class 1l contained IbAE7-like 1, AE7,
MIP and DUF59. Based on phylogenetic analysis, multiple
alignment of IbAE7-like 1 in response to skinning injury,
we suggested that AE7-like 1 family members are
conserved among |. batatas, I. triloba, and 1. nil. Protein
sequence sections that are conserved are particularly
beneficial for identifying and researching functionally and
structurally significant areas. The structural properties of
conserved protein sequence areas were revealed using an
integrated study of large-scale protein structure and
sequence data (Sitbon and Pietrokovski 2007).

In conclusion, the present study provides a novel
information about early expression of a skinning injury
responsive AE7-like 1 gene. IbAE7-like 1 is a part of key
proteins involved in CIA Pathway which function in
stabilizing their structures as well as coordinating their
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local conformational changes, and promoting DNA charge
transport. Enhanced our understanding of CIA pathways’
crucial involvement in DNA replication and repair
enzymes will eventually help us solve the huge riddles
surrounding the DNA metabolism enzymes related to
postharvest loss due to skinning injury that is particularly
high in developing and underdeveloped countries.
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