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Fig. 1. Evaluation of candidate genes obtained from the results of gene expression in the interaction network in

order to identify sub-networks involved in salinity stress

Phenotypic screening: Two genotypes were selected out of 93 maize genotypes, which showed extremely different
phenotypic response against salinity stress (T9: Tolerant, S46: Sensitive). Gene expression profiling: gene expression of T9
and S46 genotypes was investigated under normal and salinity conditions. Candidate gene selection: The genes responded
differently to salinity stress between two genotypes were selected as candidate genes (red genes on the right hand side of the
Heatmap). Network Analysis: an integrated interaction network was compiled from different molecular layers (regulatory
networks, protein-protein interaction networks, metabolic networks and co-expression networks) and was subsequently
converted to a probabilistic interaction network. Candidate genes were mapped on this probabilistic interaction network.
Significant sub-networks were extracted using PheNetic. The Red nodes are candidate genes (which were identified by
differential expression in one of the genotypes) and the grey nodes indicate connector genes that are not candidate but
provide a link between the candidate genes in the interaction network that have been recovered by network analysis.

3N ) G (68 Als dalsl 3 5 iy 4 (e u);\_{@;oiﬁ.uﬁgu«f,;wgwu%
e300 51 o oy Cawd Jllel 20 5 pias) gL&Lw\?;:l,f&JLwQﬁY?LSYY slaes s
i o e Slads 0T 5505 5 )3 s Shas s 3l ety 0593 I pb 53 .28 8 plowil sty
31 613 a5 53 (Hussain et al., 2019) 3 i e olS 4, b o3l bk g gy T 5 4 dis gl kS pa Slde
Jles! 3l dins 5950 5V) 0lej 93 5 aas ses &5 2 ol sl Ciai 4 S St do e s
Sl (613 24 503 SOl ) (Sl pa b plonil (25 ) send Cid) (655 55 (OSS aw) s 55
NG sl m A e 5 A5 05 pebaw G55 A oS s ea 5ot Jlesl (e
£33 sl LSS 5s plas 5 Jesie Slacd 555 S sy > o) 55 Ok Jal i s (LSS aw)
AY


https://dor.isc.ac/dor/20.1001.1.15625540.1401.24.1.6.7
https://agrobreedjournal.ir/article-1-1229-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-08 ]

[ DOR: 20.1001.1.15625540.1401.24.1.6.7 ]

VAR AP Oy e e Tila s b p gt S 5 il 5 4"

ol 3l eslial L IL LIS glad plulis g, . Lds
s ) o A osliwl edgeR (g leT s 5l Juke
maizegdb.org &sl—w 31 05 —a (GO annotation)
SR 4l 5l esliwl L GO Lls yad g ot sl ys
o Plaza &L

0313 LS 513 iy s o St
0313 LKL 53 a8l as 4 5 L s sl ,5 PPIM
B73- s 5 p555) por o p 555 (o8 45w 5IPPIM
U"j awld 4 Lad awlid (ol olli oslasul (V3
53y S A i o BTSVA p
VOVAYE 5 (s ) 0,5 VOAPA Jolds auaT o
S plin Gla ESan 5 Ll b Ol e 4 S
el —wll s gua 5L ,3 KEGG I &jyb
% 4 (Zhang and Wiemann, 2009) KEGGgraph
o, S FOY o JL OFALY I S e 48 us s
PlantRegMap ;I &3 e a5 3L
JL VYVOR L (http://plantregmap.cbi.pku.edu.cn/)
pLesl oo Tzt a8 d b 5L 55 05 OYON (o
a0 (0,5 55 5y JU an b 53) (60,5 sladl s
S G AL S48 tus Gl &y g o
I ol c(mine e O si4) LBL KEGG S
SLS Gladl ples 5 oid Lim oS e JU Ol 5o
S Ju KEGG b olé s Ligd o od> s
e 4SS 0l e 5 G SE L 4 ek
JU Lis 5 s 5Ken 5 aSs Jb Lo OT
NG B3y

c-}_;j 4l oLy )l ae i O3 g P 3 39
Sam Syl iSen o saSs ST (AGPV4) B73
S350 9035 (V3) (gedd i pwlul
3L 3ldn ol VA 4 Sl 4 4 55 b L diloli
sl slad iy aS Gl odd glulld Wd O
el Glaae b Al J.L..LJ RSN
ISl ol gy Gl p by o 5 4 (SIS VA b
labases 5 Lacsl jlas S, Sly glaesls

AY

23Ul RNA 2 sl (51 LaoT 515 b pline waly
Slesleral U as s ,a 31 |57 GRNA gl Al
(01 0 S L) RNXPIUS TM ol sl J ol
Sl 5| g At ool i3 55 o 3
sdsiz] il GLARNA iS5 a8 055 YU
o b3 7Sl 5 Ol s L ol eslinul Ly
Berry &S i an oL Jls G RNA slaas gul
okl S5 0S5 5 . us Jluyl - 55 Genomics
(Sl (slaas so5 JICDNA aSLulS ags 5l A
Illumina Novaseq 6000 oz 3l eslizal L oL JIy
A (l?a\ (150 bp paired-end)
Sl el l Ly Lmesls ciS™ J 8

(R E0 Y 5[V W VRN W (l ~;| Fastqc
sl slo aS W Sgld s s ol >
5 CiS o sl Bl s Bl sl
S8l 3l eslisl L La S5LT slasd kel

(Bolger et al., 2014) . (L?L;\ Trimmomatic
c‘g-f rﬁj b odal Sy LSLAU':"‘}" PR EY BE
0555 a0 B RIS S Canbpe b s sy

(Amirbakhtiar et al., 2019) 543 e =

el Nl bs)en
L (Zea_mays.B73_RefGen_v4.dna.toplevel.fa.gz)
(Kim et al.,, .i (l_?a\ Hisat2 )\J‘_é\ps Sl esla !
s S0 (B 81 0L ko 5 4325 1 2019)
A 55 5 Ao 5580 Oliabl mlw ;5 edgeR ol
Obs Cuws 5 (FDR < 0.05) 48 kimr slady 5037 o5 S
Ol=e Ol o4 (Fold-change > 1.5) V/0 31 i
Slady gluld Gass cpl 5o Al eslatal (g Hl> sme
s 85 O e 5 ) Dl &S 5la0)) 1L LS
ey Gosh RS ml ps e 5 el
Jioe S0 cpl sluls 6l g enp b5 )0 (S
35 o 0ls Ll s .ais eslinwl ANCOVA (g LeT
" 5" ot Dl 5 el ke Ol e
455 55 dis 53 (e 5 Sls e Ol 5o


http://plantregmap.cbi.pku.edu.cn/
https://dor.isc.ac/dor/20.1001.1.15625540.1401.24.1.6.7
https://agrobreedjournal.ir/article-1-1229-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-08 ]

[ DOR: 20.1001.1.15625540.1401.24.1.6.7 ]

\F-\)L@'d aJWgr)%}WJl?s"Q\ﬁ\&\)jr}LcAifi.S"

Q.\\.sgi.&‘,.;l_gl_g_ﬂ@Lﬁd\cd\:-cﬂ\lg..\i)b&)}&
6 K503V 5 (Y ISK8) s ol 18 031 Y
s ol il e (6,805 (S5 sla e
oo S 55w Sl g 55 BB e &5 das e 0L
Al plolid LB GO Lo s 325 b 655
QM):J_fjatgu)lf)ju}eSﬁ&\ﬂ

Ly on (6,5 milon ML SLadS L oS ()55
aS Wi oLuls (Sub-network) olaai o 4
s W\ N WS SRS ) IV R W H L G
o= Aes o=l o e (De Maeyer et al., 2013) Las
sl slaesls 1ol i S| iomen 5 Oy
G SSen o 4l LB s il 5 e Dladllas e
ys S S 4 e S e s mls g S
odd amlid S Ol B8 b sbo s e 5 oyl
&f}hwjﬁwd{igd‘j@b(ﬁ‘owaab
O au ad s 3 35 g0 a0 Sy ST 8 5> o
wlels O5VY duuwlS 05 WY ST 510 ls Gl
342 an b 0 O5YA 5GO (Hlw o Lol
ab‘bwbﬁwjéthc&lM
O5¥A ol esde dKs Jdow 5 4 28 LS
= 1y edasdlasl 05 YA el ol b sl Ll
23 Gl e Sls Sald a0 ol 5,8 sluls
QL&AQ&J:SALA“JJJ‘J&)}JU:A_?Q?H
23 Al g 5 0T 48T s o OLES § 500 50
JM@hMaMJngpﬁdhm};

1y aallae 5, 00 535 93 Sl b, Dol il 5
SLos &S Dslae el b ad s ib AS 4y

236 e oS () ad ) Uyl as - (¥ IS2)

AY

4 gad S b eslanl 40 903 YV L Calides U
SLs 4 sazme 4 35 Sl s | ol RNA-seq
sl ) e Gllae Gloes S 5 s BLSI ol ST
Sl L1 G O gy (Sed sl (s
A& o3l FPKM sl V':i)@ 5105 9
23 Ladl 05 3l S o 5 4 25 )3
03,5 13055 Sl g 55d oo ookl ad s (6 i
54z 5514006l L Random Walk v;wis\ Shadl
«l4Slely) (RWR: Random Walk with Restart)
Sd Sl a5 | el oslizal (+/40 = s
"PheNetic" asb » I oslizal b ol Hla0jy (2Kes
(o go) asle oy glulis 5 (De Maeyer et al., 2013)
(Bailey < 6\;4\ MEME 44U , ;| oslazwl L de novo
9 CewdYL WS #lS ¢ 58 >4 etal, 2015)
(Rombauts o Cas a5 jllely 18 Ol gea O o
el ol - 5lUlely gla JIs et al., 2003)
A LS L e L (i s)

e g @b

Shos 5 o SN sl gLl ol

d=Bs s cs)ss 4 (S46) uluom 5 (T9) Jumze )3
Do Lol 5 55 55 53 onl 4 Glate OIS L
et 1SS 53 Sl eslial Ly (6558 [HS 5 2
Gl IS (LAl S 1gh ¢f e 53 b s i
058 gbas S 550 051 Jold eds olulis
J53 Jomite o 55 (obatl el s il o
ssba O pl &S 3l QLS GO low 5 4 o L ALSL
O A el e a1 B 5 ()l e
S et S glis" ((ER) o s T 4SS
e e’ MOl 5 e gl gl
oKws 53 g Chlis" 5" w5 S 65
o= 3= (Y ) asyls oS lie " g5 S
ﬂ))bﬁﬂ&@ﬂb&@buéuw


https://dor.isc.ac/dor/20.1001.1.15625540.1401.24.1.6.7
https://agrobreedjournal.ir/article-1-1229-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-08 ]

[ DOR: 20.1001.1.15625540.1401.24.1.6.7 ]

VAR AP Oy e e Tila s b p gt S 5 il 5 4"

[T Py
Enriched terms

Regulation

| =

— T T

N
5

.
%, @
2%
1
" ZmO0014008733.
34
;

moooandnags
m0o001a035085
mooonnd0se
Imoo0a1aasoss

sigaificance

Y osen 3X s 53 o 5 4 LS G0 5 (S Sl e L LIS (W05 612 GO ot 5 4 o - IS8

Llodds 03l QL&J
2L (Log fold change) 1wl o5 oy G131 4 53 etinslis DE alia .5 )13 S5 ab gy o s oens 53 4o 05 457 das o Ol o K5y (sladons

W}lm>(M)T9Jw%‘}ljﬂ\{\;f“d(w»)s46Q)S%jj)}&)ﬁ&ﬁJ:.ib.i):Ab‘,{jaojQL_.{Q\J',:ASM:@QW&Tj)))'LgLA&)

Sl 0313 0L25 (5,3) 28 L (T) il 531 (a5 s Jasl i 5o Ol sl

Fig. 2. GO enrichment analysis for the candidate genes. The overrepresented GO term and the candidate

genes are shown on the x-axis and y-axis, respectively.
The green boxes indicate the presence of the corresponding gene in the GO class. The DE score reflects the degree of
differentiation of candidate gene expression (log fold change). Blue and yellow colors indicate whether the gene was up-
regulated (blue) or down- regulated (yellow) under salinity stress in S46 (sensitive) compared to T9 (tolerant) maize
genotype (after correcting for differences in expression under normal conditions).
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Fig. 3. Results of the network analysis of tolerant and sensitive maize genotypes

Red nodes represent candidate genes obtained from the transcriptome analysis. Grey nodes did not show a significant
difference in gene expression between two genotypes, but were recovered by the network analysis as connector genes (genes
required for connection of the candidate genes). Edge colors; Red: metabolic interaction, grey: protein-protein interaction,
and blue: co-expression derived interaction. No regulatory interactions were recovered in any of the sub-networks.
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Network-based transcriptome analysis in salt tolerant and salt sensitive maize
(Zea mays L.) genotypes

Mohasseli, T.1, S. Dezhsetan 2 and R. Darvishzadeh 3

ABSTRACT

Mohasseli, T., S. Dezhsetan and R. Darvishzadeh. 2022. Network-based transcriptome analysis in salt tolerant and salt
sensitive maize (Zea mays L.) genotypes. Iranian Journal of Crop Sciences. 24(1): 79-92. (In Persian).

Identification of genes involved in salinity stress tolerance provides deeper insight into molecular
mechanisms underlying salinity tolerance in maize. The present study was conducted in the faculty of agriculture
of Urmia university, Iran, in 2018, with the aim of identifying genetic differences between two maize genotypes
in tolerance to salinity stress, and the results of gene expression were integrated with gene interaction networks.
First, two maize genotypes with extreme phenotypic differences in salinity tolerance were identified using
phenotypic screening data. Gene expression was studied by RNA-sequencing to unveil molecular mechanisms
underlying salinity tolerance differences in two selected maize genotypes (T9: salinity-tolerant; S46: salinity-
sensitive). Phosphorylation-dependent signaling processes, ion transportation, oxidation-reduction, glutathione
metabolism, and tryptophan metabolism between tolerant and sensitive genotypes were identified as different
biological pathways by gene ontology and interaction network analysis on the genes with differential expression.
Network analysis identified a motif as a common regulatory element (cis-regulatory element) in the promoter
region of genes belonging to the sub-network with phosphorylation and kinase activity. This motif corresponds
to a regulatory element known in Arabidopsis which binds a transcription factor with a known role in responding
to salinity-stress. By integrating gene expression and interaction network data obtained from different molecular
layers, pathways and genes distinguishing in two salinity-tolerant and salinity-sensitive genotypes were
identified, These findings can be used in maize breeding and biotechnology programs to improve maize grain

yield under salinity stress conditions.
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