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Abstract
Objective

Sucrose, the final product of photosynthesis, plays important roles in growth, development,
storage, signal transduction, and acclimation to environmental stresses in higher plants. Sucrose-
phosphate phosphatase (SPP) catalyzes the final irreversible step in the sucrose biosynthesis
pathway. In this study, the SPP orthologous genes in wheat and progenitors were selected, and
the expression regulation of the orthologous SPP genes were analyzed in response to salinity

stress.

Materials and methods

Seeds of bread wheat (Triticum aestivum CV. Rooshan), durum wheat (Triticum turgidum CV.
Hana), and Aegilops tauschii were provided by the Seed and Plant Improvement Institute, Karaj,
Iran. In order to quantify the expression of SPP genes, gRT-PCR was performed on total RNA
extracted from leaf and root tissues of control and salt-treated (NaCl 200 mM) samples. A gene
tree was constructed to calculate the evolutionary and phylogenetic relationships of the SPP
protein family in bread wheat and its progenitors. The possibility of post-transcriptional

regulation of the SPP genes was also evaluated using the online tool psRNATarget.
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Results

The results of the phylogenetic analysis showed that 6, 4, and 2 SPP paralogous genes have
evolved on chromosomes 1 and 5 of bread wheat, durum wheat, and Ae. tauschii, respectively.
Additionally, we predicted 16 different microRNAs can target some of the SPP gene transcripts
in bread wheat and Ae. tauschii. Gene expression results also indicated that SPP gene expression
increased in the root and leaf tissues of bread wheat in response to salinity stress, while it
decreased in durum wheat. The response of Ae. tauschii to salinity stress was different, with

decreased expression observed in leaf tissue but increased expression in root tissue.

Conclusions

Post-transcriptional regulation through miRNAs can play an important role in the regulation of
the complex sucrose metabolism, especially in the regulation of SPP gene expression. Gene
expression results showed that under salinity stress conditions, bread wheat increases sucrose
production, while in durum wheat, which is more sensitive to salinity stress, sucrose production
is disrupted or decreased. This reduction in sucrose production can lead to a decrease in yield.
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Table 1. Sequence of primers used in this study

Amplicon
Sy o3 el
EnsemblGene ID length
(bp) Sequence Gene name

TraesCS5A02G002700, sucrose-6F-

GAGAAGCCTATGCTAACTCCAG
TRITD5Av1G000440, 121 phosphate

TCCTGTCCCACTTATTGTTCAG

AET5Gv20005800 phosphohydrolase

TraesCS4A02G107600,
GGAAGGAGAAGATCCACATCAG .
TRITD4Av1G050690, 129 Elongation factorl
CCTTCTCAAACCTCTCGATCAC

AET4Gv20509200
TraesCS3D02G326900,
CCTCCTTCCTCACAACATCC .
TRITD3Av1G206030, 107 Tubulin
CAACTTCGTCTTTGGGCAATC
AET3Gv20755700
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Figure 1. The gene tree was constructed based on sequencing data from the EnsemblePlant
database. Left: The gene tree and evolutionary events associated with speciation (blue box)
and gene duplication (red circle) of the SPP gene in bread wheat (Gene ID in blue), durum
wheat (Gene ID in green), and Ae.tauschii (Gene ID in red) are shown. Right: A pictographic
representation of multiple sequence alignment of amino acids and conserved regions

(highlighted in green) are shown

Agricultural Biotechnology Journal;

—.

Oryzinae: 24 homologs

Pooideae: 6 homologs
TraesCS5A02G 002700, Triticum aestivum
{lkl TDSAVIG000440, Triticum turgidum
féj TRIDCSAG000240, Triticum dicoccoides
1 TuG1812G0500000030.01, Triticum urartu
AET5Gv20005800, Aegilops tauschii
{ TraesCS3D02G002500, Triticum aestivum
O TraesCS3B02G002900, Triticum aestivum
O TRITDOUv1G048460, Triticum turgidum

o1 SECCEUnv1G0551870, Secale cereale

2 HORVU.MOREX.r3.5HG0420010, Hordeum vulgare

“—1 BRADI_1g55300v3, Brachypodium distachyon

commelinids: 25 homologs

- Oryzinae: 12 homologs

- Pooideae: 7 homologs

1 TraesCS1B02G107600, Triticum aestivum
-
OTRITD1By1G042910, Triticum turgidum

. ‘ ) TRIDC1BG015480, Triticum dicoccoides
-1 SECCEIRvIG0013100, Secale cereale
‘ 0 AET1Gv20220800, Aegilops tauschii

1 TraesCSID02G090000, Triticum aestivum

+CTRIDC1AG[|]2620. Triticum dicoccoides
(TraesCS1A02G088600, Triticum aestivum

OTRITDIAvVIG034220, Triticum turgidum

— BRADI_2¢36350v3, Brachypodium distachyon

commelinids: 21 homologs

Cow! 20w 8315 i (G SU,b) ol Cblis sy g winol aww! Jlgi A5 in

o TuG1812G0100001121.01, Triticum urartu

HORVU.MOREX.r3.1HG0020190, Hordeum vulgare

[ [T 1 | -l
T T [T W T 10
[T 11| | I

I 00 | 10 11| | I

[T 11| | I

[T 11| | I

Print ISSN: 2228-6705,

YAY

Electronic ISSN: 2228-6500

5, ST,



RN,

YEY ()], Ko g 3 55ame

AS o olwlid Gua 5 leie 4 1) AET1GV20220800 5 v (wske] ol ;> MIRIBT4A &S sl (\lis gols
Bonnet et al. 2004; XU ) col onis a6 bl gy Cavgas G olgie 4 b MIRNA 5 Shee > Suscblis o 4
b Jlasl g plolis oSl clyls b pa5 > TraesCS5D02G002500 . us asuie saiss ol ,» (€t al. 2021
sbcdggy g9y » MIRIGTS-3P a5 s asuie (pismen (¥ JS5) 5,1 MIR9673-5p  MiR1136, miR9655-3p
Lietal. (YJS3) asb o o) o waas 40 0B Ylas! g5l Jlasl 5 ololiis o5l TraesCS1A02G088600 -
Dgdise ol skl g paS Sy 2Bl > (o0l i 4 MIRIBTA Liliseo g3y Jolye 0 o8 2,87 )35 (2019)
2 wolad] job a1y b puS > MIR96754 MIR9673, MIRI670 L, 6l (2014) Han et al. puisen
S8 03,5 5l g 9y Yo 9 59y Ve paiS iy <l sladigad 3 90k oljee 4 MIRIBDS 5 05,8 (3155 w2y slaS
005 cblis &g MIR530 45 cusl 03l i Sldlas sl o piiS 415 god 55 Lol i oaimd (L5 &S w53,8 oanlie
Ole g pgygd puS )3 )l i (aee o i 4 Gl 5 903 Gomen (ot laaRlE > 4 93 5 &) ST pbalS
oMy (5 )lows 45 Cunglio 5 £l 0, Sloe 30 13 MIR530 i oLS y3 o (Fileccia et al. 2017) 5l Sy cély > VL
(Lietal. 2021) s,

Guan 55 olyis 4 |, AET1GV20220800 (45 cusl ;36 MIRIBTAED 1l puiS b alite 35 ugslen] olS 5o
0 omskel oS 3wl Sy oS 5 1y of ol cwl B 55 MIR160C-3p w2 81wl ool
s MiR5181, miR156d-3p, miR169a, MiR169d MIRNA & Lug i AET5Gv20005800
CMIRNA lolis ams o ol imgh cpl zols (YUSS) 3,5 o J1)3 cmngin) 3| (e walas cov MIR9863a-3p
@l (o sl e LS 355 Yl 5 whe 1y sis) I o wia (28 SPP slaj 5l Sope e gl daxie
o (Stsad lolid 5 odsis) ol oliwe Slieets allie Bk 31 g ol 3 i Slagsj (Sloygilgn alolis
D9 o dlgidy oau] eSS wlllas ,> Degradom sequencing ;U1 g LMIRNA 5 s 5l <G o o

oS Y ) 1y SPP 15 51 \ADP asd ol iS5 cogd (i Jelods 5 4138 @l :SSPP (45 o)l Oy
2 &S 2 el (g 9 EFL b s o)y sl polaisl iS5 ppman o oLt ) Gaghal 5 poy90 p457 0 puiS
Ol L SPP (elaj ol ol (talBl o Lo ad asdie b odlisl Wl 51 o5 ol Sl gilo Loy anl s
oxl ol St adllas g (6ySojlul Comnl Jame (slais b o bl cpizmed g pu8 )3 5 Slae (taljdl g S g (sgime
(Guo et al. 2015) L pu5 > o padgrlio 13 3> slos g 59,5 9w Lids (JING et al. 2022) aad o LS 1y o
5 el s )55 (L8 ke 4> (Mansouri et al. 2019) uslsl o (Annunziata et al. 2017) pq,95 pai5

EXpression) slo 2!,y (s xS0jul 3 )l caanl a5ul g conl oas a0l (odlin] (cladigS o SPP o5 Sascblis LS

YAY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

8, SN,



BN,

(Ye-Y Obuno; € 0 lows (VO 5)9.:) $329US (659955 g dloxo

samgs opl 10 (Jiang et al. 2015) ol (oolinl (cladisS 5 ncdl w45 5655 o5 ol oliwe 4wl ¢ (divergence

W Lg)UfQBJJb Ky oS Ja.:l).w it C)U p.\.’f d"b'?‘ Lg[md.}; O SPP o ul*’ L_JI)M’U MLQA

® e L [
TraesCSSD02G002500 [ ) TraesCS1D02G090000 TraesCS5A02G002700 TraesCS1402G088600
TraesCSIB02G107600
A A
A tac-miR1136  tac-miR9655-3p A A A A A A
tae-miR9673-5p eniRIGTIp  tae-miRS3L tae-miR9777 tae-miR330  tae-miR9674a-5p tae-miR9675-3p
AET1Gv20220800 AET5Gv20005800
A A aamiRSI8Sp A A
A ata-miR160c-3p ata-miR156d-3p A atimiRiG9a-5p  Ata-miR169d-5p
ata-miR9674c-5p ;
ata-miR9863a-3p

ER5 -0 el sdiss g U e 15 SPP suiisus sy U MIRNA o (bl &8s .Y IS
IS b g 33 SPP gl 5 ¢ ot (piond JSUS U 35U oS 13 SPP la 5 o JSWG U MIRNA

ol 85 st JSub ;> MIRNA j2 U g o35y 1D sl 0l 0315 LS 250

Figure 2. The SPP-miRNA interaction network in bread wheat and its progenitors. The
MiRNA genes are shown as triangles, the SPP genes in bread wheat are shown as hexagons,
and the SPP genes in Ae. tauschii are shown as squares. The SPP gene ID and the miRNA

names are shown
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Figure 3. Expression analysis of SPP gene in leaf and root tissues of bread wheat, durum
wheat and Ae.tauschii under salinity stress (200mM NaCl)
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