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Peroxidases (PRX) are a class of enzymes present in the
tissues of plants, animals, and microorganisms. These
enzymes serve to catalyze oxidoreduction between H,0,
and various reductants. PRX has been studied extensively
in higher plants and has been implicated in a variety of
physiological processes including lignin biosynthesis,
extensin polymerization, disease and pathogen response,
wound healing, and response to air pollutant stress. In this
work, we isolated and sequenced a complementary DNA
(cDNA) of class 1l PRX gene in the Dicranum
scoparium Hedw. and designated as DsPRX. BlastN in the
EnsemblPlants database showed that DsPRX displayed
100% identity with a homologous PRX of Physcomitrella
patens. Cloning of plant PRX could help in elucidating the
physiological role of individual PRX isoforms during
plant normal development and in response to various
environmental factors.
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Onene A.O., Yacos A.B., Munnbaesa @.B.
KasaHCkuin MHCTUTYT GUOXMMMKM N BUOCN3NKM
OUL KasHL| PAH, r. KasaHb, Poccus
E-mail: donjay.ao@gmail.com
(PRX) mpencraBmstor coboif  Kitacc
MPUCYTCTBYIOIIMX B TKaHSAX pacTEHUH,
JKUBOTHBIX W MHKPOOPTAaHU3MOB. DTH (DEpPMEHTHI CITy)KaT

Ilepoxcunassl
(epMeHTOB,

JUI  KaTaIATHYECKOTO OKHCIeHHs ¢ mnomompio H,0,
paznuuHbIX coenuHeHuid. PRX mmpoko wn3ydyena Ha
BBICIINX PAaCTCHUSIX W ObUI BOBICYEH B pas3lIMuHbIC
BKJIIOYass  OHOCHHTE3

(bU3HONIOTHYECKHE  TIPOLECCHI,

JIUTHUHA, TIOJMMEPU3ALMI0 3KCTCH3WHA, DPEaKIUI Ha
00JIE3HH M TATOTCHBI, 3KUBJICHUEC PAaH M PEaKIHUIO Ha
CTpecc, BBI3BaHHBIM 3arpsi3HEHHEM BO31ayXxa. B nmaHHOM
pabore mbl Bbienuin u3 Dicranum scoparium Hedw. u
cexBennpoBamu komrmuiemeHtapayo JJHK (x/JHK) PRX
III kmacca, ren Obl1 oOo3Hauen kak DSPRX. Brina
nokasana 100% wmpentuynocts DSPRX ¢ roMoJIOrHYHBIM
PRX Physcomitrella patens ¢ momomisio BlastN B 6ase
nanHbix EnsemblPlants. KnonupoBanue PRX pactenuii
MOJXKET TOMOYb B BBISCHCHHU (DH3HOJIOTHYECKON pPOJH
otaensHBIX m30popM PRX Bo BpemMs HopmaibHOTrO
pa3BUTHs PACTCHUM W B OTBET HA Pa3IMYHbIC (PAKTOPHI
OKpY>Karollel cpepbl.

Knrouesvie crosa: xommpyromasi HOCIECAOBATEIFHOCTh
(CDS), xommiemenrapuas JHK (xJHK), Dicranum
scoparium, Physcomitrella  patens,
cexBeHUpoBaHue 1o CrHrepy
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INTRODUCTION

Plant PRXs are multigene family and have diverse functions in abiotic and biotic stress

tolerance, lignification, cellular growth, fruit ripening and plant senescence [Yoshida et al.,

Passardi et al.,

2003;

2005]. During the last decade, several molecular biology approaches have been

developed to isolate, characterize and study the expression of PRX in plants. In A. thaliana, since
the characterization of the first genes [Intapruk et al., 1991], numerous genes encoding PRXs have
been identified through the different expressed sequence tag (EST) sequencing projects and have
already been reported [Capelli et al., 1996; Ostergaard et al., 1998; Tognolli et al., 2000].

Only a few articles have reported the genome-wide identification of plant class 11l PRX.
Tognolli et al. identified 73 class 111 PRXs in A. thaliana and analysed gene structures (intron/exon),
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gene duplication events, and expression patterns in different tissues (roots, stems, leaves and
flowers) [Tognolli et al., 2002]. In 2004, Passardi et al. identified 138 rice class Il PRXs and
classified them into eight subfamilies (I1-V111) [Passardi et al., 2004]. A class 11l PRX, GhPOX1 has
been identified in cotton (Gossypium hirsutum) [Mei et al., 2009]. In the Populus trichocarpa, 93
class 111 PRXs were identified and investigated the PtPRX expression patterns in five tissues (roots,
shoots, leaves, buds, and phloem) and under abiotic stresses (H20,, salicylic acid, salt, and drought)
[Ren et al., 2014]. In 2015, Wang et al. identified 119 maize (Zea mays) class Il PRXs and divided
them into 18 groups [Wang et al., 2015]. Cao et al. identified 94 pear (Pyrus bretschneideri) class
I11 PRXs [Cao et al., 2016]. Even though mosses are the second most diverse phylum of land plant
with approximately 13,000 species [Goffinet et al., 2009], much is not known about the class IlI
PRXs of these species compared to higher vascular plants.

Despite the lack of complete plant genomes, Passardi et al. [2004] also studied the origin
and expansion of class 111 PRXs by using EST sequences and found 11-14 putative PRX sequences
in P. patens (moss). To date, among the only three moss species that had their genome sequenced
i.e., Sphagnum fallax (DOE-JGI, http://phytozome.jgi.doe.gov/) [Shaw et al., 2016], P. patens
[Rensing et al., 2008] and Pleurozium schreberi [Pederson et al., 2019]. Only 82 PRXs of P. patens
were found in the National Center of Biotechnology Information (NCBI) database, 64 PRXs of
S. fallax were found in the phytozome. No PRXs of P. schreberi were found in any of the databases
because the genome is not fully annotated.

Previously, we demonstrated that moss D. scoparium possesses high activity of class Ill
peroxidase [Onele et al., 2018]. We also identified ascorbate peroxidase in the D. scoparium,
studied enzyme activity and gene expression in response to abiotic stresses [Onele et al., 2020
submitted for publication]. In this present study, we attempted to isolate and sequence class |11 PRX
in the D. scoparium.

MATERIALS AND METHODS

Plant material

Dicranum scoparium Hedw. was collected from the Aisha forest, Tatarstan, Russia
(55°53"21.3"N48°38'14.3"E). Thalli were allowed to air-dry slowly for 2 d between sheets of paper,
and then stored refrigerated at 4°C in the dark before use.

Gene cloning and identification

RNA extraction and double strand cDNA synthesis

Total RNA was extracted using GeneJET Plant RNA Purification Mini Kit (Thermo
Scientific, Lithuania). RNA concentration and purity were measured using a NanoDrop® ND-1000
spectrophotometer (Thermo Scientific, Waltham, USA) and the integrity was accessed by gel
electrophoresis 1% (m/v) in agarose gel. First strand cDNA and double strand cDNA were
synthesized using Evrogen Mint 2 synthesis kit protocols.

Identification of PRX in D. scoparium

Database searches were performed at the NCBI server (http://www.ncbi.nlm.nih.gov). As
the gene that codes for class 11l PRX from D. scoparium had not been sequenced, P. patens cDNA
PRX (Ppls55, identification numbers: Ppl1s55 121V6.2, Pp3c3_30190V3.1) was used as a query.
Only the coding sequence (CDS) of the PRX was used in the analysis. Specific primer sets for PRX
gene were designed using Vector NT1 Suite 9 (Invitrogen, Carlsbad, USA). The designed sequences
of PRX were as follows:

F: ATGGAATCAGCCGCAGGAAGAAC

R: TTACAAAGGAGAAGGGGCCTCCAC
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The computer software program Vector NTI was used for comparisons and alignments.
Blasting of nucleotide sequences was performed in an online server Ensemblplants:
http://plants.ensembl.org/index.html.

RESULTS

Bioinformatic analysis of DsPRX

To identify the class 11l PRX genes in D. scoparium, the PCR product (993 bp) was cloned
into the pGEM-T vector (Promega) and sequenced using primers designed based on the Pp1s55 of
P. patens nucleotide sequence available in the NCBI database. Although good quality of D.
scoparium DNA sequence was obtained from the automatic DNA analyzer ABI 3130 (Applied
Biosystems) after sequencing (Fig. 1), nucleotide sequence comparisons of DsPRX with P. patens
Pp1s55 using Vector NTI Suite 9 revealed low percentage identity of 36.4% (Fig. 2). Alignment of
nucleotides showed incomplete sequence of DSPRX (Fig. 2) because of deletions or insertions of
nucleotides in DsPRX sequence (Fig. 2). Out of five replicates of Sanger reaction prepared before
sequencing, only 729 bp of DSPRX was sequenced against the expected 993 bp.

Blasting the nucleotide sequence of DsPRX displayed 100% identity with PRX (Pp1s55) of
P. patens at chromosome 3 with E-values of 0.0011, 0.0045 and 0.07 (Fig. 3, 4).

Results for BLASTN against Physcomitrella patens Phypa_V3 (Genomic sequence) @

Job details

Job name BLASTN against Physcomitrella patens Phypa_V3 (Genomic sequence)
e |

Species . Physcomitrella patens

Assembly Phypa_V3

Search type BLASTN (NCEI BLAST)

3 Download results file

Results table =

Genomic L ion Qverlapping Gene(s) Orientation Length Score

m::m‘s [Sequence] @ Reverss 24 [2equence] 24
7:16973143-16973173 Sequence] Pp3cT_25120 Forward 31 [Sequence] 23
Pp3c3 30190 Reverse 23 [sequence] 23
Forward 21 [Sequence] 21
Pp3ci1_1420 Foreard 24 |Zequence] 20
6:17343224 Forward 20 [sequence] 20
23773495 Reverse 22 |sequence] 18

u Pp3c17_20460 Reverse 18 [Sequence] 18 ent]

8:10782403-10782420 [Sequence] Pp3c8_16530 Forward 18 [sequence] 13 43 100.0 [signment

Fig. 3. BlastN result of DsPRX against P. patens in the EnsemblPlants database Wifh homologous |
genes. Circled in red are homologous PRX of P. patens.

Pp3c3_30190V3.1

Low complexi Seg)
Cleavage site (Sign...
Superfamily Haem peroxidase superfamily
Prints

Haem peroxidase

Plant peroxidase

Pfam Haem peroxidase
PROSITE profiles Haem peroxidase
PROSITE patterns Peroxidase, active site Peroxidases heam-ligand binding site
BANTEIER PTHR31235
I
PTHR31235:5F205
Gana2b) 1-10-520.10
I
1.10.420.10
coD

Secretory peroxidase
Scale bar 0 40 80 120 160 200 240 280 330

Fig. 4. Homologous P. patens PRX gene with DsPRX.
Circled in red is the identification number of P. patens PRX.
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DISCUSSION

From the blast results, other genes different from PRX genes located at different
chromosomes shared high nucleotide identity with the cloned DsPRX (Fig. 3). It is possible this
occurred as a result of the incomplete sequence of DsPRX due to deletion or insertion of nucleotides
obtained after cloning of this gene, which resulted in the low percentage identity of nucleotide
sequence with PRX gene of P. patens after alignments (Fig. 2).

However, there are possible factors responsible for this incomplete sequence and shared
identity with other genes except only PRXs. Firstly, it is possible that PRX primers designed for this
cloning are not efficient as both the beginning and ending of DsPRX were not sequenced (Fig. 2).
Secondly, it is possible that selected clones transformed in the \GEM vector were poorly purified
before Sanger amplification. Third factor is probably a poor amplification of Sanger reaction before
sequencing. In addition, another factor to consider is the length of the nucleotide that was
sequenced. The DNA sequencer ABI PRISM 3700 Genetic Analyser (Applied Biosystems) has the
capacity to sequence 600 bp of a DNA length but the length of PRX was 993 bp.

Putting these facts together, further work is needed to sequence the complete nucleotides of
DsPRX. In order to do that, probably new primers need to be designed. Other cloning methods
different from Sanger could be applied in order to clone the full length of PRX genes in the D.
scoparium.

In conclusion, we believe that continued research of D. scoparium and other moss PRX
genes could help in elucidating the physiological role of individual PRX isoforms during plant
normal development and in response to various environmental factors. Understanding the
expression pattern of individual PRX isoforms may lead to understanding their function or may
result in findings that are applicable to both nonvascular and vascular plants and therefore lead to a
broader and more complete understanding of the evolution of plant defense mechanisms.
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