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MtPLD4-For CGCATGTCGTTGTGGTATGA 54.4 170
MtPLD4-Rev  ATGGGATAGCGGAGAAGGTG ’
MtPLD9-For AGCCCATGCTCTCTCCCTAA 578 123
MtPLD9-Rev  GGCGGTTGAGAACCATCAGA '
MtPLD13-For GTGACAGAGATGAGAGGGCA 578 105
MtPLD13-Rev  TCCTCCGACATCAGGGAACT '
MtPLD15-For ACACAGCGTATGTAAAGGCCA 58.8 295
MtPLD15-Rev CACCTGTTGGAACACCCTCT '
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Table 2- PLD genes identified in M. truncatula: The theoretical molecular weight (MW) and isoelectric point (pl) were
calculated by ExPASy (http://cn.expasy.org/tools). Subcellular localization was analyzed using the CELLO v2.5 server
(http://cello.life.nctu.edu.tw/): Cytoplasmic (C), Nuclear (N), and Extracellular (E).

protein  Subcellular

Geneaccession Genename Chromosomal location length  locdlization Pl (kD) MW  Gene family
Medtr1g083620 MtPLD1 Chr1:49508623-4912180 1076 C 6.08 93.44 PX/PH
Medtr2g435560 MtPLD2 Chr2:49519858-49523035 1120 N 6.34 93.51 PX/PH
Medtr2g100250 MtPLD3 Chr2:53616531-53625621 756 C 6.4 96.7 c2
Medtr2g103730 MtPLD4 Chr2:44659285-44664355 809 C 55 92.01 Cc2
Medtr3g105980 MtPLD5 Chr3:36839079-36842813 454 E 7.16 95.15 SP
Medtr3g107320 MtPLD6 Chr3:12689232-1296809 826 C 6.26 117.38 Cc2
Medtr3g107360 MtPLD7 Chr3:28529456-28536289 822 C 5.94 124.68 Cc2
Medtr3g114840 MtPLD8 Chr3:9150832-9158708 851 C 7.42 98.63 c2
Medtr4g010650 MtPLD9 Chr4:3117305-3121525 808 C 561 9556 Cc2
Medtr5g011050 MtPLD10  Chr5:5398602-5403013 854 C 7.39 85.49 c2
Medtr5g011060 MtPLD11  Chr5:43050907-43054891 848 C 6.77 86.8 c2
Medtr59023050 MtPLD12  Chr5:3110569-3115901 872 C 6.5 95.97 Cc2
Medtr7g075910 MtPLD13  Chr7:2414519-2419452 1114 N 7.57 91.43 c2
Medtr8g016160 MtPLD14  Chr8:13741632-13760157 745 C 6.38 127 Cc2
Medtr8g033080 MtPLD15  Chr8:37204933-37213116 1049 N 6.59 122.8 Cc2
Medtr8g088690 MtPLD16  Chr8:48870681-48875085 842 C 7.08 51.47 Cc2
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Fig 1- Phylogenetic analyses of PLD proteinsin Arabidopsis (AtPLD), rice (OsPLD), cotton (GaPLD) and M. truncatula
(MtPLD): phylogenic tree was constructed using the NJ method with bootstrapping analysis (1000 replicates).
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Table 3. Cis-elements present in the promoter region of MtPLD4, MtPLD9, MtPLD13 and MtPLD15 genes according to the

PlantCARE database

Cis-dlement MtPLD4 MtPLD9 MtPLD13 MtPLD15

Function

MBS 4 1 0 1
TCA-element 1 1 0 3
TC-rich repeats 0 2 1 0
TGACG-moatif 1 1 0 1
LTR 0 0 1 0

MY B binding site involved in drought-inducibility
cis-acting element involved in salicylic acid responsiveness
cis-acting element involved in defense and stress responsiveness

cis-acting regulatory element involved in the MeJA-responsiveness

cis-acting element involved in low-temperature responsiveness



https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.1.8.0
https://gebsj.ir/article-1-186-en.html

[ Downloaded from gebs.ir on 2026-01-02 ]

[ DOR: 20.1001.1.25885073.1396.6.1.8.0 ]

oS s sPLD 5 o3l sl insilico Ll

&b

Bailey TL, Williams N, Misleh C, Li WW. 2006.
MEME: discovering and analyzing DNA and
protein sequence motifs. Nucleic acids research
34(2):W369-W373.

Bargmann BO, Laxalt AM, Ter Riet B, Van
Schooten B, Merquiol E, Testerink C, Haring
MA, Bartels D, Munnik T. 2009. Multiple
PLDs required for high salinity and water deficit
tolerance  in plants. Plant and Cell
Physiology 50(1): 78-89.

Bell CJ, Dixon RA, Farmer AD, Flores R, Inman
J, Gonzales RA, Harrison MJ, Paiva NL, Scott
AD, Weller JW, May GD. 2001. The Medicago
genome initiative: a model legume database.
Nucleic Acids Research. 29(1):114-117.

Castroluna A, Ruiz OM, Quiroga AM, Pedranzani
HE. 2014. Effects of sainity and drought stress
on germination, biomass and growth in three
varieties of Medicago sativa L. Avances Invest.
Agropec. 18(1):39-50.

Chen G, Snyder CL, Greer MS, Westlake RJ.
2011. Biology and Biochemistry of Plant
Phospholipases. Critical Reviews in Plant
Sciences 30(3):239-258.

Finn RD, Bateman A, Clements J, Coggill P,
Eberhardt RY, Eddy SR, Heger A,
Hetherington K, Holm L, Mistry J,
Sonnhammer EL, Tate J, Punta M. 2014.
Pfam: the protein families database. Nucleic
acidsresearch 42(D1):D222-D230.

Glazebrook J. 2001. Genes controlling expression of
defense responses in Arabidopsis 2001 status.
Current Opinion in Plant Biology 4: 301-308.

Hammond-Kosack KE, Jones JDG. 1997. Plant
Disease Resistance Genes, Annual Review
of Plant Physiology and Plant Molecular Biology
48:575-607.

Hong Y, Zhang W, Wang X. 2010. Phospholipase D
and phosphatidic acid signalling in plant response
to drought and sdinity. Plant, Cedl &
Environment 33(4):627-635.

Hu B, Jin J, Guo AY, Zhang H, Luo J, Gao G.
2014. GSDS 2.0: an upgraded gene feature
visualization server. Bioinformatics 31 (8): 1296-
1297.

Lescot M, Déhais P, Thijs G, Marchal K, Moreau
Y, Van de Peer Y, Rouzé P, Rombauts S. 2002.
PlantCARE, a database of plant cis-acting
regulatory elements and a portal to tools for in

silico analysis of promoter sequences. Nucleic
acids research 30(1): 325-327.

Li G, Lin F, Xue H. 2007. Genome-wide analysis of
the phospholipase D family in Oryza sativa and
functional characterization of PLD 1 in seed
germination. Cell research 17(10):881-894.

Li M, Hong Y, Wang X. 2009. Phospholipase D-
and phosphatidic acid-mediated signaling in
plants. Biochimica et Biophysica Acta (BBA)-
Molecular and Cell Biology of Lipids
1791(9):927-935.

Liu Q, Zhang C, Yang Y, Hu X. 2010. Genome-
wide and molecular evolution analyses of the
phospholipase D gene family in Poplar and
Grape. BMC plant biology 10(1):117-132.

Livak KJ, Schmittgen TD. 2001. Anaysis of
Relative Gene Expression Data Using Real-Time
Quantitative PCR and the 2-AACT Method.
Methods. 25(4): 402-408.

Qin C, Wang X. 2002. The Arabidopss
phospholipase D family characterization of a
calcium-independent and phosphatidylcholine-
selective  PLD{1 with distinct regulatory
domains. Plant physiology 128(3):1057-1068.

Qin W, Pappan K, Wang X. 1997. Molecular
heterogeneity of phospholipase D (PLD).
Cloning of PLDy and regulation of plant PLDy, -
B, and -a by polyphosphoinositides and calcium.
Journal of Biological Chemistry 272(45):28267-
28273.

Tamura K, Stecher G, Peterson D, Filipski A,
Kumar, S. 2013. MEGA6: Molecular
Evolutionary Genetics Analysis version 6.0.
Molecular biology and evolution 30(12):2725-
2729.

Tang K, Dong C, Liu J. 2016. Genome-wide
analysis and expresson profiling of the
phospholipase D gene family in Gossypium
arboreum. Science China Life Sciences
59(52):130-141.

Wang X, Devaiah SP, Zhang W, Welti R. 2006.
Signaling functions of phosphatidic acid.
Progressin Lipid Research 45(3):250-278.

Wang X, Xu L, Zheng L. 1994. Cloning and
expression of phosphatidylcholine-hydrolyzing
phospholipase D from Ricinus communis L.
Journal of Biological Chemistry 269(32):20312-
20317.

Wittstock U, Gerschenzon J. 2002. Constitutive
plant toxins and their role in defense against
herbivores and pathogens. Current Opinion in
Plant Biology 5: 300-307.

- LV QMU,)L@-}/\ oo [# o)ga/‘g‘bw.g.)' w‘s@jww


https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.1.8.0
https://gebsj.ir/article-1-186-en.html

[ Downloaded from gebs.ir on 2026-01-02 ]

[ DOR: 20.1001.1.25885073.1396.6.1.8.0 ]

Q‘)&«A} GG'H

e S9N w9 9§ PLD S5 0algils in Silico (o Lubss

Yu L, Nie J, Cao C, Jin Y, Yan M, Wang F, Liu J,

Xiao Y, Liang Y, Zhang W. 2010. Phosphatidic
acid mediates salt stress response by regulation of
MPK®6 in Arabidopsis thaliana. New Phytologist
188(3):762-773.

Zhang W, Qin C, Zhao J, Wang X. 2004.

Phospholipase Dal-derived phosphatidic acid
interacts with ABI1 phosphatase 2C and
regulates abscisic acid signaling. Proceedings of
the National Academy of Sciences of the United

Zhang C, Zhang H, Zhao Y, Jiang H, Zhu S, States of America 101(25):9508-9513.

Cheng B, Xiang Y. 2013. Genome-wide anaysis Zhao J, Zhou D, Zhang Q, Zhang W. 2012.

of the CCCH zinc finger gene family in Genomic analysis of phospholipase D family and

Medicago truncatula. Plant cell reports characterization of GmPLDoas in soybean

32(10):1543-1555. (Glycine max). Journal of plant research
125(4):569-578.

In silico identification of the PLD gene family and analysis of their
expression pattern in response to salt stress in Medicago truncatula

Somayeh Allahi', Mohammad Mehdi Sohani*? and Hasan Hasani Kumleh®

1- MSc. in Plant Biotechnology, 2- Associate Professor and 3- Assistant Professor
Plant Biotechnology Department, Faculty of Agricultural Sciences. University of Guilan, Iran

*Corresponding Author: msohani @guilan.ac.ir

Abstract

Phospholipase D (PLD) and its product phosphatidic acid play important roles in cellular
processes in plants including growth and development and stress responses. PLD genes
constitute an important gene family in higher plants. The PLD family has been identified in
Arabidopsis, rice, cotten and grape. In this study, 16 PLD genes were identified in the
Medicago truncatula L. on the basis of protein domains, evolutionary relationship, gene
architecture and sequence identity. They were grouped into six clads; a (4 genes), 3 (2 genes),
y (2 genes), & (3 genes), € (2 genes), ¢ (2 gene) and @ (1 gene). The gene expression pattern of
MtPLD4, MtPLD9 in the a subgroup and MtPLD13, MtPLD15 in the B/y subgroup were
investigated in four-week-old seedlings of Medicago truncatula under salt stress (23 ds/m
NaCl) using gRT-PCR. MtPLD4 gene expression compared to that in control plants was
increased 48 hr post-treatment. MtPLD13 gene expression decreased 48 hr post-treatment.
Expression of the MtPLD9 and MtPLD15 genes increased in the early hours and then
decreased compared to control plants. The results showed that the a subgroup MtPLD genes
in particular are valuable candidates for further functional genomics analysis.
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