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Abstract

Objective

Potato (Solanum tuberosum) is an important food and economic crop in the world. However,
potato shows susceptibility to drought stress. Thus, the investigation of the molecular mechanism
of drought stress tolerance is essential considered. GF14/14-3-3 protein is one of the conserved
dimeric proteins that regulate several cellular processes, ranging from metabolism to transport,
growth, development, and stress response. However, only a few reports are available regarding

the effect of 14-3-3 genes in response to stress in potatoes.

Materials and methods

In this study, twelve 14-3-3 genes were detected in the potato genome using bioinformatics
methods. Further, motif analysis, gene structure, phylogenetic analysis, TFBS, and synteny
analysis were performed on the 14-3-3 genes. In addition, the expression analysis of two genes
(StGF14i and StGF14h) in four tissues (root, stem, leaf, and tuber) and their expression under

drought stress in the greenhouse was investigated.

Results

Based on phylogenetic relationships, the StGF14 family members were categorized into
two classes. Analysis of transcription factor binding sites (TFBS) in the promoter region
of 14-3-3 genes revealed that the highest and the lowest number of TFBs were MYB and
CSD, respectively, were found in the promoters of 14-3-3 genes. Moreover, different
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frequencies of TFSB in 14-3-3 genes could indicate that these genes control different
developmental stages and are involved in complex regulatory mechanisms. Furthermore,
the genome evolution of S. tuberosum using orthologs and paralogues identification was
studied. The number of exons in 14-3-3 genes was from four to seven and most of these
genes in the same subfamily had the same exon-intron patterns. The expression of two
genes in leaves and tuber under drought stress as well as the gene expression of both
genes in root, stem, leaf, and tuber tissues under drought were examined. Based on the
expression analysis of two genes StGF14i and StGF14h in tissues and a survey of drought
stress, the StGF14i gene has the maximum expression in four tissues and also, the highest
expression in tubers under drought stress. Our results revealed that two orthologous gene
pairs between S. tuberosum and A. thaliana as well as eight paralogous genes among
potato genomes were identified.

Conclusions

The expression patterns of StGF14i and StGF14h genes in different tissues and in response to
drought stress that two genes had the conserved and necessary roles in potato growth and
development potato. It is hoped that the results of this study will be useful for further investigation
of the functional role and molecular mechanisms of 14-3-3 genes in response to drought stresses.
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Figure 1. Phylogenetic relationship StGF14 proteins in Arabidopsis and potato using
MEGA 6.0 software by the Maximum likelihood

\A

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



B L R L R R L R

(YE+Y 5l o o,lowd V€ 293) (5559WiS (559955 gm dlmo

-JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJF-

_|: SIGF14 MR —0-0-m
SIGF1S N0
_|: scrie  EE—— -
— sioFle - —
_: SIGFIS N & § I
SGFlE § D
_|: SGF1S e -
SIGF14 - 4—
_: SIGF14 [T - +8 I
| sohig —-—H)— .
_: SICFlEr Y - +-8 4
SIGF1& ) —E—— ===
L 1 1 1 1
15 i Bb Bis] i b L5
Legend:

@05 B psEmdesten — i

.GSDS I3810 5 31 03kl b guojoumw 13 SIGF14 315l s y5 (y95] 9 (59551 U Lw Y JSUS
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Table 2. Sequence and annotation conserved motifs in StGF14 proteins

No. o,lass Motif sequence isse s Pfam
y PTHPIRLGLALNFSVFYYEILNSPDRACNLAKQAFDEAIAELDTLGEESY Pfam:PF00244
vy LTVEERNLLSVAYKNVIGARRASWRIISSIEQKEESRGNEEHVKSIKEYR Pfam:PF00244
v LSKICNGILKLLDSHLIPSASTGESKVFYLKMKGDYYRYLAEFKTGAERK Pfam:PF00244

¢ KDSTLIMQLLRDNLTLWTSDM -
» REENVYMAKLAEQAERYEEMVEFMEKVA -
s EAAENTLKAYKAAQDIANAEL -
y QDDGADEIKEASKP -
A SKIESE )
4 SGEGQQ -

y. PEDGEEAQKGDAANKVG -

5 g del)] O S Pg)l ololis (cly mels 3JUT adllas oyl 15 :STGF14 j> Sgll,b o Solei )l sy
03V oizan 2009 Syl Gl 03 T b Glaojiam 13 007 9 el Conss @lis 2 ool b gl (i jap
P35 IS (Sublngd 4 o)Ll pupmgiel) 5 roiim Om Syl Al 4l 20)0 AD I Gl (ieejiams 0 Sk
P b i Gl (e (Sbplped a8 amd o i gl cpl oy WYY oyl S 50 ke L oS
(0 ¥ J&) (Ghorbani et al. 2020) cool 4usls pgij 0y

LdU yogaswe SIGF14h o SIGF14i oW 59N StGF14h § StGF141 sl y; ol U1
55 ot ol oS 0 sy SIGF14N 4 StGF14i 15 95 ol SIGF14 (clayj 5,8kes 5 o Sy st 501 el
o jobailan A3 Cuoygd ¥ Jsis 5 b yoglyy dod i oy QPCR 1 ool b o 5 5y el ey b Jlon 1 35
S yd sl aliio Lo ,85 Sy g 00 bl o o oSl Ciglasio 5 90 (ol o 6ol o oaly i £ JSE o
Bl o o pd Al cél o 1) ol o 3YL SIGFL4T )5 .cwl StIGF14h 5l i 4y g 8le > StGF141 oL, &

A odmliie Sy g 00y lo p ol &S Jb 0 ol olaid] s 4
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Figure 4. The relationship orthologous StGF14 genes with potato and Arabidopsis drawn
with Circos software

o Sy g Bl ity )3 1y 6wl ole S Il 3 )l ejiem 038 3 |y 65V ol StGF14h 5 Ll

L5, MAGF14j s MAGF14i MdGF14d MdGF14a «5 sy o\l as pbsl cuw g9y p o5 (sladllas .cunlasils
oy oad plosl lsyliS wloly (ZUo etal. 2021) x5, <y aal5 )3 o) ool 5 azily (BAS loj 5 b sondians
90 50 (Wu et al. 2016) ssbazsls ols J5 g5 50 canl Seo PVGRFT (5 35y Ly calises slacdl j» ¥-¥-\F

cdb ;> GMGF14 o y; 5L ol (Lietal. 2012) 595 0 oo ogae (Stawy b 3 MAGRFS 3l ¢ i dlass
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Figure 5. The relationship paralogous StGF14 genes drawn with Circos software.
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e 69y 2 85 (6,505 adlae (THAN et al. 2015) colazsls Liuljél 8l 3 PIGRF12D 5 by pgio olS 55 conl
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Table 3. Primer Sequences used for gRT-PCR in this Study

o)lod O pb sln g
No. Name gene Sequence primer
1 F:EFla AGATGGTCAGACCCGTGAAC
R:EFla CCTTGGAGTACTTCGGGGTG
2 F: StGF14i F: ACCCCTTCTGGGCCGGTTATG
R: StGF14i R: CTCCTGGAGGAGCGGTATCA
3 F: StGF14h F: TCCCTTTCACAGAAGATGCCC
r: StGF14h R: ACCATTAGGCCCATTCACTGC

Jasl anb (TFBS) (s gig, ,956 Jail ol STGF14 s 45 557909 4l 3 TFBS 3JUf

Ve v &S syg00p 4l 0 TFBS Llolid (ol aiwd Gan slay] il awsgig) g9y a4l a5 Cusl Sge9y ;5 DNA
ol o0 031y L ¥ Jgds 3 a5 jslailen 50 cél > PIANEPAN o3l oL 1 swn 5 1o 5 candYU Jlgs 5L cads
5 4 gl 3 55 ol ek Jeasly g)ls WTFBS s Ll ¢ sagy 4l > Jlozsl TFBS b v¥
2 Sgliste (5 53 po lis cpl sl At boyg0)90908 & G by 5 (ol L g j98 4 Gl g lwajpnd 9 ()
A YOY 5 VANV A Csp a ) olaw o i DZIP g WRKY IMYB jolic (55909, 4l )3 39390 polic oyl oo
€9 0 Cpimad A5 odalie GATA DOf DHLH Wl j5 40 G b p Cilises g5 dus oplys 0gdle 3y olazs] 545
ol 4 gl 3 EIN3 (ST & sl 0 ARF ylsl 4 el 10 AP2 i pel a5 60 slolid (90 y9m 4 guwl 1 yolic

Wi 553 g gl 5 55 eSi sl 4 gl 5> BESL g o ynj & ol 13 VOZ el Sigonls

&

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



B L R L R R L R

Y€+ cé-\g,&ugﬂ,).gde-b-

L O L e . R R R R R R R S

Leaves Stem
2.5 12

1.5

0.5

o N B O

) —
StGF14i StGF14h StGFE14i StGFE14h

Tuber Root
25 4

2 3
15
2
1
1
05
[ .
. 0

StGF14i StGF14h StGF14i StGF14h

StGF14h

16
14
12
10

=T (S T U«

LN TN TS LS

StGF141
300
250
200
150
100

50

o — —

LN ™ TS LS

. sS....a. 3 9 JLQ)J U""J W) B e 20 9 5).3 »® (StGF14h 9 StGF14i) 059 U“«“f dgi“ A | ‘ IS

(s jironm 53 (08 aBlu iy ) oS y) 8L £ 55 (5 90 ! by (oo
Figure 6. The pattern of two genes (StGF14i and StGF14h) in potato leaves and tuber under
control and drought. Also, the gene expression of two gene in four tissues (leaves, root, stem,
and tuber) in potato
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ik g ot o5 4 C2H2 g ko) Ui g Loyes sl HSF oS (sl WRKY  dasme L5 (sl MYB Lo
@y ¢lp LOB (gl il 3 AT-HOOK & ol slacil 3 lo 0 basye yolie piored diud 935wl ()
Opied Miwd LD (iug) g eiulj <L gl TCR g ol cél g oylos o ol sl WOX (5 el ¢l MADS
& Jlasl 6l WRC 4 (561 walass sl Storekeeper « s axwss slp NF-YB sl ()ly g (wwgig) 4 basye yolic
(Saidi and Hajibarat, ) 2021a; Saidi et al. 2021b.s > <> 1,y Job )3 Jolo wawis sl SOX g DNA

@ by polie &S Jlo 3 85)l5 5920 VWYY (slagj Sgagn s ) (295 JB Ojpo & il & byyje yolic
@ Gk ) ) cpl e o8 30 LS @l pl 3 (ee polaiBl 39 4 polic 03 b Cap |y 2asS (1508 (i)
g b i 4 bape polic a ol i 36 4l 9 camw 59y 2 VYT la ) adllas itily (s)5909p 4l 5 1) TFBS
SBxs claanld s L3 WYY clay; a8 amd ol Klgs oo ol ol a5 asls |y dlass oy (Slged 9 Ay ol pe
(¥ Joio) it

3l g3 ,Shes saimd s 45 oud pbool VY=Y 03lgils 69y » (s 5pels (o) b ] ledliw 3 3G oS A
3 B g 03908 bt ) GaLS )3 (ghod S (Soelon (slasnl B VFYY (claigy | odlgls pl slasl jI e gite
Ol ol (Rl s Slois cod Lasl ol izman )l (odlj g (shagy 15 ) A je )3 et (i o slas
oM A3l ALE> (e jis pg3] (BRSO sake G &S Cusl Sae (35 (S5 g3 el sy @l el im0
Sy oS amd o oLt Lo lls (85 )18 () Solgig)l 5 Sb (alwlisd jlosliiwl b dejn pgis JolSS cnly
S osle g 0,les clablre a8 amd o i 5 St BT 0500 3939 (63 duejuw g Wﬁ,\ﬁlj On Sdlgil
Jozs 0 SIGFLAT 15 oojim 13 55 ol 56T slusly 35 o w08 p5i5 50 1) LLolSG (g3l gi Uitk jlus e o
Dy s el Jliie g S oMNol &) drajium 3 (Sdd & Gl 53 oo )5S B lgie 4 0 ool W o)l 18 (S 4
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Table 3. The summery of TFBS in StGF14 proteins in potato

9y 2558 [ age
Motif/transcriptio  Type of
n factor (TF) TFBS
os il bgsye AT-Hook 30 25 17 27 20 18 27 28 30 12 21 25
MADS box 15 13 10 9 10 11 18 16 15 16 16 14

StGF14 StGF14 StGF14 StGF14 StGF14 StGF14 StGF14 StGF14 StGF14 StGF14 StGF14 StGFl4
a b c d e f g h i j k |

related to tissue-

specific MADF 10 9 8 7 4 9 11 11 15 7 12 7
SBP 26 17 4 33 5 32 16 35 24 3 28 32

LOB 1 2 2 0 0 1 0 0 2 1 2 0

WOX 7 8 3 5] 6 8 8 8 7 2 5 8

TCR 13 12 4 13 10 6 10 13 10 4 13 12

HD-ZIP 64 67 S 60 43 63 55 49 37 63 63

1942 by Dof 54 55 51 55 40 57 56 55 54 40 55 57
related to light ~ GATA 33 26 26 28 27 29 27 29 271 28 27 26
bHLH 61 60 59 2 7 57 14 2 63 7 6 14

sy 4 gye NF-YB 3 3 3 2 1 2 3 3 3 3 3 2
t:g'r‘;";fa‘iig’n Storekeeper 2 1 1 1 1 3 1 1 2 1 12
WRC 2 2 0 1 0 2 2 2 2 o0 2 1

Sox 5 7 2 3 6 4 4 3 5 3 5 5

sl & bgspo C2H2 4 45 25 39 16 41 41 45 40 18 37 40
related to stress MYB 236 223 110 179 59 189 212 219 225 100 175 181
HSF 5 5 2 4 16 3 3 20 4 4 4 9
WRKY 105 100 94 90 18 95 51 98 105 1 95 67
CSD 1 0 1 1 1 1 1 1 1 0 1 0
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