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1- Co-chaperones

2- Coding sequence
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Figure 1. Gene structure of HSP90 genes in A. littoralis and A. thaliana. Green and blue boxes indicate the exon and

upstream/downstream UTR regions, respectively, while dashed lines indicate introns. The lengths of the boxes and
dashed lines were scaled based on the length of the genes.
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1- HSP 90-alpha A4

4- Signal transducing adapter moleculel
6- EF-hand calcium-binding domain-containing protein 13
8- COP9 signalosome complex subunit 1

10- Calcium-independent phospholipase A2-gamma

2- Heat shock protein HSP 90-beta
5- Heat shock protein 75 kDa, mitochondrial

3- Homeobox protein PKNOX1

7- Telomeric repeat-binding factor 1
9- Ubiquitin carboxyl-terminal hydrolase 34
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2 #ly gy oS o ol gls (FISY) 2e L
» Wbl alie Goyial et slaylisle gLl 098
sl il oy S dpee sl & b
ookl b .aa 5 samlie 0 laass I3l 40 oSl oyl ‘u-"
L a5 Jlb HSPOO (olas) ok obyle 50
Loy pg> 09)5 y> -bad &ly Jol 09)5 )3 udbginw
Sly slogy 28 58 (ewdgnl aSd 3 Jlb sy
i S gie b Ccasdyg)lS 55 Loy j pgw 09)5
boSe g gl JBle elul il
BlSS g ol o9 dletel B 4 plgi e Jolo

(FF) 3,8 Jols plizabl (2LSHSPIO (sla iy )

E-value
Niotif 1

PSPyl syj b (Seijohd Jdod g a3ed
=i ol s
» HSPIO (lapy (JolS5 Lalsy (ooyp cae
9 bgw O @y gt omgyd g
OFen YU awlsuel  sla Jlg B, distachyon
S )5 Wty ardyen 5IU] 350 lanl ok Lol
wloor Jlail (5g) slioe p (SeBjokd €8> e
09,5 ¥ > i ol waled o (¥ JKE) w35 eay
$oaiss > HSPIO (slayf @i 548 (gdipmnds (Lol
P> 35 4 paxie sbgSlly (Sal Cold il
ey cpl o HSPOO 55 ¥& 5l caliS Linles 4 09,5
09,5 1 05 V9 P93 0955 ) O3 A (Jol 0g)S 3 05 YO
Elllas b gillae azsl, ol (F JSE) 6,5 5 pou

= DS CYLVICELOWSANMER!MKAQaL=DssexsiMeskBorE IN Bus]y

NMIotif 2

NIotif 3

seesr EWELxNeeK_ IWWRs sEyzkeEVeeF /KsLaNpPwep

we-ze= dEbe g LSFVKCYVDSsDL LNYSREzLQoxel

Mour s zewaee ffluak| CQFCYCE/SALLVARKYyVFIK N

Mottt s maezer o ELE|=le DKenpTtI1aDsCIOMTKeRLYRNLGT | AsSCTasFuvEAL

77e2+> JEDYuKFWEaFsKuoKLGL ' ED2oNrRsRIALLRE . SIKSeeELTSLRRYY

==—-=e AEEFQAEYSERLYCL | ¢NsEYSNKELFLRELLSNASDALDK:R

NIotif 6
NIotif 7
Mour s aeeas2 of LAws FeyEGeVEFKALLEY <gA epp
NIotif ©

we==m2 R sEEsREKel VK  SEF ISt | stWeEKseesEY

noue 0 =eeaer RMKeGQKR|FY I IeBStsaxkyR FLEKLesKa:EVervyRalDELpoe

Al e dbgaye ad )3 ol Slglhd Kol ciralisl o 03101 L gt 5 (ws29)9l] )3 HSPIO (sla I o9 ciige = IS
Figure 3. Motif logos of HSP90 sequences in A. littoralis and A. thaliana. The height of the residue shows the relative
frequency of each residue at that position.


http://dx.doi.org/10.29252/jcb.11.31.134
https://jcb.sanru.ac.ir/article-1-1029-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-11-17 ]

[ DOI: 10.29252/jch.11.31.134 ]

ya

w
g 3 o
2 9 g
e - B 9 g
o 2 % W & 2
Po &, B = =
% % 2 %% T
@, w4 L
b - S R
o’ee oy 09\ PR [
5 airan S 03, e $S (.
N .2 Y |
[ sl s S 7 % [
[T 53 08 - A k) ‘_E_
] esuw 0.3 b N .\-,J—J—b
)
Gmozg )\/ e
202 et
S0 N
Gm14Go11600- - 771 ‘
RH
GmOBG032900— ng
00— b b
EsGOTAR r
2900 7 AN
Gmosgaﬁ . \ N .
P N
e S -
R - =
Gt 5
R PN W .
o [ R 1
SV S
is o N/ 5 5
5 @ 7 p psy =]
au“q‘ & §'?' YAy B
© g & § |
& & 4
o ]
§ £
5 =
Q <

z(AI) uujl)}uj uoy9)9n 2 HSP90 L;mef;slu dulf.&o u_ma)ﬁm umLf du;; 2 HSP90 b.)lyl> L_sLa.C] u_ia.u)ﬁlﬁ Ja;b) -¥ JSM

MEGA ,l58ls 5 SoS 4y  Si555ld 545 4 pls] (Bd) B. distachyon 5 (Gm) Lew (Zm) )3 (O8) g5 d(AL) LLIG Ly sl
ol o 03l L el laasls g9y o yiwl gy polie 3,8 paw i Aluod Jlasl g, (sliue 12 6.0
Figure 4. Phylogenetic relationships of HSP90 family members from six plant species. Multiple alignment of HSP90
proteins from A. littoralis (Al), A. thaliana (At), Oryza sativa (Os), Zea mays (Zm), Glycine max (Gm) and B.
distachyon (Bd} was performed using Clustal W, and a phylogenetic tree was constructed using by the Neighbor-
oining method using MEGA 6.0. Bootstrap values are shown on selected branches.

it SO 4 Fel  pegata (Sjden
o3l L (L8 Olidod oyl y 0gMe (V) W)y S )lie
P Egie 2550wl laeuslSe dayi pl &S cwl
(YVF) 26,035 o iuled 4 caliseo (la i 4y gy
Owed 93 by b AIHSP90.4 5« owyp opl 5o
U Mg 3 Jobo 2bolSe (ulal &5 HSPIO
adyy <8l ik 5 ped S ks il
sdalin b (FF) o) Ken o SSI5 0l ol 1) by oy
9 Bradi3g39620 b e wlB¥ L,
a8 Wdged lgie (g jeml LS 4 Fwly 4o Bradisg02307
b ol (S (smusMlgis HSPIO 15 93 0l ol oI5
Cudiml 0F Ol & (e mgigy SL)yeSE (sl
3ply e o S e I 1y 5 & oo
Aol awsh cS)lie (giewl IS5 4 Fwl > ABA
15 55 OSHSP90-4 5 OSHSP90-2 (el «) yogMle
il LS g Lop (S5 (5y98 Sl L apalye
Sb cdllas oy opl @bs b as (YY) Lol ol ol
i g Joho LbolSe elel p adlae pl 5
J awdlonsl a3 55 AIHSP90.3 o (Lol
Sgy alie AHSP0.7 L 5 ol LS5 ajed il oo

b 0 5 598 55 & ol 33 0 o) S 55

_ rSangiat Sl 5 50

U550l cpl gl oSl )y polaied:
9 Sp 8l g3 > udlygid Gusgydll olS gt Sl
I8 oan s il g Copd GBS klyd ) cady)
Mges 53 10g2FC  wlie p» dob @l 4 <88
05 ol @i opl p0 (0 JSS) w5 &l Heatmap
05 b eaalia ool b pligill g0
5 sd L5 Lulpd 3 Y by s L AIHSP90.4
(Hold & o gplp VIO o) adyy <8l bk
shls AIHSP90.2 3 Q] 3w sl 1y by op i
<8l 5 ()9 i Laulyd 53 (V) plo ke o e
P AIHSPI0.3 5 5 58 oo ials oy i De Sy
43,5 odalde (S <8l )3 b3l g )98 W5 ks

o> L (& JSb) Heatmap ,loges )3 oS 45oS lan
AIHSPY90 (slaiys ol 0 ol (665 unl s
S 4 dagl b glate by ‘_59§J| Oﬂl A5 odalie
oo sadSlos 929 oy Sli o il (slyed
b IS > il i slonslSn 35 5 gl
A8k oy ol

s S8 gl bS5 HSPIO 55 eolgls
sl ® ol (rsg 0S5 gl g wibli e ooiie

1- Up or down regulation


http://dx.doi.org/10.29252/jcb.11.31.134
https://jcb.sanru.ac.ir/article-1-1029-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-11-17 ]

[ DOI: 10.29252/jch.11.31.134 ]

VY oodlygid ogr99ll oS )3 HSPIO 35 odlils o (595Ul 5UT 5 (cagi5 03y ()

Solwgiogs sy ol 5> HSPOO 19y gaw o
Al o Sl 5 4 Gl b g Jood slaiign

‘g‘b)-\é 9 M&”

ShrgliS (5pgldum; 5 S oaSiiagh | e
slcols 5 2Rl AUl i solitwl cps lw ub
9 S Cole (35 ol Sladinie el il o Jlo
sl awsly 1y a8

C06dSIHIV
FO6ASHIY

oop b Gl ) plo S (S cdl bl
L dwslio > AtHSPI0.7 oS cuwl oids oaly (L (5,50
oSS g g M5 4 gl » AtHSPY0.2
HSPOO 35 yiel33l (1) ol ol | (6 e Camolus
GBI g i Slge ewdigul S
oS b Bl g plewdly lis Sg ey sl
ol (6y9d AT L ablie ly Jgiete midw 08
uoy.a?o HSPI0 u.afu9); u.wl).‘!‘ ‘u:l );.09){.5 (YY‘) V-3
So i Sl peusdguil 4 b casdlyg)lST )
T 9 29y9 pheww ol b b wgd (I (lwgiegn
Sionsl GBULT & o5 (g (5lgiosn b (Salu]
W e Gl @l ool (V) aed ialil ]y Jloy (5y5 5

T"06ASHIV
ZTO6ASHIV

o bl cod adyy 5 S cdl 53 3 Sudlygid (sl HSPIO (slagj (oo dlubes (sanasys o Heatmap iles —0 JSis

_ _ _ Coskibssss ) _ _
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under salinity stress and recovery conditions
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Abstract

HSP90 protein is an ATP-dependent molecular chaperone that is evolutionarily conserved in
bacteria to higher eukaryotes. In plants, HSP90s are required for control of normal plant growth
and development, as well as immune responses to environmental stimuli. Although there are
several studies explaining the physiological role of HSP90s in plants, our understanding of their
stress response molecular mechanisms, their roles as molecular chaperones, and their molecular
interactions with other clients and co-chaperones are still unclear. Therefore the present study
aimed to perform a comprehensive analysis of the HSP90 gene family in halophyte plant
Aeluropus littoralis. Subcellular localization analysis showed that four identified AIHSP90 gene
were localized in different subcellular compartments. Based on different bioinformatics tools,
45 HSP90 homologus genes were identifed from Arabidopsis, rice, maize, soybeen and
Brachypodium distachyon species. 49 genes of HSP90 were phylogenetically clustered into
three major groups. Gene structure and motif composition revealed that these genes were
relatively conservative in each group, suggesting that members of the same group may also have
conserved functions. Based on RNA-seq data, AIHSP90.4 gene localized in cytoplasm with
expression levels of 1.3 was expressed more in root tissue under salinity stress and recovery.
The least expression level was observed in AIHSP90.3 gene localized in ER in root tissue under
salinity stress and recovery. The findings of this study reveal the functional characteristics of the
AIHSP90 genes and provide basic information for future research on the their biological
functions.

Keywords: Aeluropus littoralis, Expression Analysis, Heat Shock Protein, HSP90,
Phylogenetic Analysis
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