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Abstract
Objective
Cadmium is a highly toxic and widespread soil pollutant threatening human and animal.
Plants effectively help to eliminate environmental pollution by up taking of heavy
metals and tolerate cadmium stress through a variety of mechanisms, but biochemical
pathways and genes involved in the response of plants to cadmium stress have not been

fully and comprehensively identified.

Materials and methods

Following proteomic studies on the Arabidopsis thaliana mutant in which AT2G37050
(receptor like kinase gene) was knocked-out, it was identified that 150 proteins that
were present in the wild (control) plant have been disappeared in the mutant plant. In
current study, biological function of AT2G37050 gene/GO terms has been investigated
by GeneMANIA and agriGO algorithms. GO term is a controlled vocabulary system
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describing biological entities in three aspects (biological process, molecular function,

and cellular component) in different organisms.

Results

Bioinformatics studies resulted from the GeneMANIA algorithm showed that the
AT2G37050 gene is involved in the biological process of response to cadmium ion. The
agriGO algorithm was then used to study GO terms at three levels of biological process,
molecular function and cellular component, and role of the AT2G37050 gene and
biological process of response to cadmium ion was reconfirmed. In addition, significant
GO terms (FDR <0.05) such as "extracellular region", "plasmodesmata”, "vacuole
membrane" and "chloroplast" are associated with the mechanisms involved in plant
tolerance to cadmium stress. This is another supporting evidence, which shows

association of 472G37050 gene and "response to cadmium ion".

Conclusions
In addition to suggesting a new effective gene in response to cadmium stress, the result
of current study can be considered in order to construction of transgenic plants, which
are able to purify soil from cadmium contamination.
Keywords: Functional genomics, Arabidopsis thaliana, Bioinformatics, Response to cadmium
ion, AT2G37050.
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Figure 1. Biological network among 150 proteins which disappeared after knocking out
AT2G37050 gene (red node). The green nodes represent the genes which involved in
response to cadmium on the basis of GeneMANIA algorithm. The extra responsive genes
to cadmium ion which adapted from literature review or agriGO algorithm have been
presented as green nodes with bold black border. The purple lines represent co-

expression. The blue line exhibits co-localization. Orange and grey lines show predicted

protein-protein interaction and shared protein domain, respectively.

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



(W‘\‘\ )LQ.g ) D)Lw.:} AY b)gb) d},,h&f 5)915&3%.: 4.19:9

OF o8l Y8 51 Jlida suwd Wl ciige 100 e 43 buwd JE ) sal,d LY Jgas
GeneMANIA (s ,651 wlw! y AT2G37050

Table 1. Enriched gene ontology terms in 150 disappeared proteins after knock out of
AT2G37050 gene

obe pdlasd e Obe 43 daxi

- - . 1 A o . — ..
& b Lo FNVg0 3,50 [ (gumn j 2l 3 ) ol 0933
: . FDR
Biological 3 . .

Gene Ontology i otecular § o390l 0 A.thaliana

rocess/molecular function

p wlar functy Occurrences Occurrences
in 150 genes i Genome
poredlS (g2 4 Gy

GO:0046686 3.96E-05 14 288

response to cadmium ion

PoiBan oS
GO:0000502 0.121357434 5 50
proteasome complex

SIP 1013 5 Jdd jgg

GO:0051603 . . 0.121357434 8 206
proteolysis involved in
cellular protein catabolic
process

4 Ay gy SIS A1

GO:0006511 O o 0.121357434 8 196

ubiquitin-dependent protein

catabolic process

b il 4 yomie Lales (oagisy 51556 b 3l alonn ™ ohd 4ilsS g s lame SIS0 & Gly
B > oo 0jlal obS ) Loy jlade Miedam s 9 J 58 Bly 53 3,5 (o camlie ok Gl g a5 5l (B0 oo 18]
pla (SooS San oM A am Wlp (b ey (2B b 4 el Gl (SIS et |

OB 98 0 poilgn uSheS bawgs byl 4555 G ge Ll g odd Juate pasuiio s n 4 ™ sideS

24 Ubiquitination
25 Ubiquitin

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



yyaa ‘d‘)‘s.o.é 9 ‘_;).1‘).&

o) S8l 4y (Gjaml 5 (ol 05 )9 St A5 o 5l 055 1 (sl i 4 oS Joo Gl 5 (0 4SS s
we L UBCI 5 ol Gl (Je olsiea, (Wan et al. 2011; Dametto et al. 2015; Stone 2019) cl
5 poedlS U5 & Jood Galdl 4y oo Lalki 20 S L 26 S poilisyny (uShoS (3lo b g Lo (S (255 4SS
SO g5 43 pawadlS 55 iores (Bahmani et al. 2017) coslors 9555 olS 1> guslans Lo yiwl LialS cyioen
A popedls 15 ) Jols onpdasio lagusn man 5 poilisn 20 S Sl oS (S ol GRIB c2ge
Ol war g ondtens Gbinsn (A8 A g BRI L peredlS (25 5 )3 olS > (Djebali et al. 2008)
9 DDI1 PBE1 (ngp 4w yeas (Pena et al. 2007) 54 olyon poiligpn 20 S puSloS lawgs o piSgyp
OF OB a0l 3 (Srte i B pojlisn Sk 5 08 43S e wl® &) Jse > ATUBAL
Ly ) WL Guarggtalyl ol 53 05 aw ol ol GBI S5 (30 5] ol poeadls” (25 4 Gy 3 AT2G37050
oSS oy S5 lial 51 &S 55 PBB1y PBGL (59, 95 (Sarry et al. 2006) 15,5 oanlie pouedls” [is
(Kurepa and Smalle 2008) wloas ;3 Jgdo ;5 K¢ o0 g LG puanr gy olS )3 pg;l5g,
Conl odd oy 5 poedlS i3 b aslge 3 SYNCI g GDCST sloy; olo il LG s giwly] olS 5
(Wang et coul oswy bl & 35 ()98 (25 bulydys 9 @y olS 1> GDCST (5 ol 133 (Sarry et al. 2006)
S Mt s ol ks 7 pidgelis slad )l eyt Lyl 15 GDCST pytiyg canl (S5 & o3 al. 2017)
i 4 ol gl ) g 03 (b AL g 4 dwd LT cul 20,5 e Jate Bia (g 4 SUMO™ gl

Caslods ()35 15 laws Jolae 51 (U i g boyus i ¢ Suid i5 (H202) aolaps i o 5yl i e 51 calises

(Park et al. 2011)
I3 B B padilin > 35 2 o5 (Jyogsl Slind #35515) PGIC 5 (\ bt splslo) SUST (slacys ol ool
S5 oIS oS 3 SUST o oy Gl cuipes (Sarry et al. 2006) culors (o)l5 pomedls s Jlise
(ZhOU €t ol 0y S5l & L] 13k o 355 (sla b 5 p3sodlS (i 31 (¥l oolie gazss &0 908 &8 i
a4 pB wleas 3 S Jgdo p (Sen S VAMPT11 4 PGIC SUST (sl pSg, cwl ,$34 #5Y al. 2019)

.(Manzano et al. 2008)&3;@ W».Lh) P?)Lf"ﬁ)" —uﬁ»jﬁf (29 yo L};{)Jﬂ )l Yless! 9009 u.\m w;dy

26 Sumoylation
27 Small ubiquitin modifier peptide
28 Brassica parachinensis

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

7]



(W"H )L@ ) D)Lou.:: AY b)gb) ‘5)')91.\35 d)g."&’” 419:0

AT2HE3IZ080

ey W8 b b e (gl 0 TV O (P ©LI ) 0SS 5 (g j &S Y S8
Sowloas  o3l8l L5 51 a5 AT2G37050 (5 swanilis Sy 50,8 091> " 09m0dl5 (a1 & Fwly"
Cow!l GeneMANIA 0,651 (wla! 1 092008 @ Zwly 4> Jdd sbdvyj OGS STy jw slao >
)81 bl o a5 Cawl glaBLST sl ys hilons aduive ST, dbww ad L &S (ST, gL pld
&0 9 Comd)asd )5 43LS) 09mdlS gy 4 BAdFML sy Cund 4 Yo 9w 9 agriGO
Sy o bohd (i o S SNl KUy ik behd (Cuwlond 553 Y Jouaa 0 By
O =g RSed (SRl SO i 4 RSB g (26,1 bobs (Sl oLl

RV tS)JLw.o 9 (0D 9
Figure 2. Biological network representing the connections among 22 genes which involving
in “response to cadmium ion”. Red node shows AT2G37050 (Knocked-out gene). The
green nodes represent the genes which involved in response to cadmium on the basis of
GeneMANIA. The extra responsive genes to cadmium ion which adapted from literature
review and agriGO algorithm have been presented as green nodes with bold black border.
The purple lines represent co-expression. The blue line exhibits co-localization. Orange

and grey lines show predicted protein-protein interaction and shared protein domain,

respectively.
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Table 2. List of involved genes in “response to cadmium ion, GO: 0046686” among 150
proteins which disappeared after knocking out A72G37050 gene in Arabidopsis thaliana.
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Figure 3. Hierarchical diagram result of enriched biological process related to 150 disappeared
proteins after knockout of A72G37050 gene. The image has been illustrated by the agriGO
algorithm and the SEA method. The significant GO term (P<0.05) has been shown in color, and the
white squares represent the GO term which is not statistically significant. The color intensity of

each square is directly related to the degree of enrichment of the biological process. The complete
image of this hierarchical diagram is shown in supplementary figure SF1.
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Figure 4. Hierarchical diagram result of enriched cellular component related to 150
disappeared proteins after knockout of A72G37050 gene. The image has been illustrated
by the agriGO algorithm and the SEA method. The significant GO term (P<0.05) has been
shown in color, and the white squares represent the GO term which is not statistically

significant. The color intensity of each square is directly related to the degree of
enrichment of the cellular component.
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