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Abstract

The high nutritional value has made potato the fourth most important food source after wheat, rice and
corn worldwide. In this study, in order to identify and investigate the expression pattern of the most
significant genes involved in the synthesis of flavonoids at different potato tuber developmental stages,
the RNA sequencing data was obtained from three different potato tuber development stages, namely;
initiation of stolon formation, stolon swallowing and initiation of tuber formation. In order to validate the
expression of identified genes involved in the biosynthesis of flavonoids in potato tuber (62 genes), the
expression of significant genes were evaluated by using gRT-PCR method. The results of this study
showed that at the stolon swallowing stage, 10 and 11 genes had a significant increase and decrease in
expression, respectively. Comparing the stolon swallowing stage with initiation of stolon formation, 7 and
20 genes showed a significant increase and decrease in expression. At the initiation of tuber formation, it
was found that 14 genes had a significant decrease in expression. In total, 4 key genes CYP98A3, ACT,
SAT and BEAT were identified with significant changes among developmental stages. The amount of
flavonoid in the three developmental stages was also significantly increased with the transition of
developmental stages. The average of flavonoid content was 1.9, 7.2 and 24.8 mg/gFW for tree
developmental stages, respectively. Since CYP98A3, ACT, SAT and BEAT are key genes involved in the
biosynthesis of secondary metabolites in the potato tuber, they can be considered as possible candidate
genes for alteration of flavonoids content in potato.
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Table 1. The primer sequences of candidate genes involved in flavonoid biosynthesis during potato tuberization.

Gene symbol Sequence (5'-3") Annealing temperature (°C) Product length (bp)

F GCACCCTCCAACTCCCCTAATG 60.1

CYP98A3 118
R ATCACGACCTAACGCCCACAC 60.05

ACT F GCGGGCTAAGTGGATTTGAGTC 61.57 158
R GTGTGGCAGAGGTTCTTGTAGTAG 60.86

SAT F GCTGAAATGGTTGCGAGGAG 59.55 183
R GCTCAATAAACAAGGTCTCAAACG 58.85
F TTTAACACATCTTTACCCTTTAGC 55.37

BEAT 196
R ATTCGTCTCGTCCACATCC 56.96

1.1 F GTCACACTTCCCACATTGCT 58.39 112

e -

R CCAGCATCACCGTTCTTCAA 58.48



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.21.0
http://gebsj.ir/article-1-441-en.html

[ Downloaded from gebs.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1401.11.2.21.0]

Q‘)&QA 9 )f.,a.;uk?w

g 5o s 53 ;803 Sla 05 Ol sz 5 2ol

L SAT 05 <ulg s 5 LOgFC = /¥ L CYP98A3 Of §l .
(RY JS8) 55 LogFC= /o

Oly (58l 55 s D6 5 s 53 5853 55 JIs )Y caslas ol s
cytochrome (55« b g 6 LOGFC =—£/0 L (l3e o 5VL & sy Ol
J\3 flavanone 3 beta-hydroxylase &5 of 5 o s 55 P450 98A2-like
(kY K2 55 LOGFC =-4/+F o 0y 2als &8 cls

5 SAT ACT CYPIBA3 )5 gz dnosls pou 3l day sl 855 5
S el e el 5 el Ol Ol 4l s SLulil BEAT
05 4w Oy & 55 ) 5l Sb- Realtime RT-PCR sRNA-seq 5
o RNASeq L 5 4325 b5 L 3l BEAT 5 ACT CYP9BA3
45 5 6 5 gm ol o DLEISAT 03 0l s el U sl o a5
S s ol e slad gei 3 RNASED | fol ol itk
O Dl o Dbl 5 e Ol Ulpe Gimmes s Ol SIS
Real- s RNASeq >3~ 3| |ol> « BEAT ;SAT ACT CYP9BA3
Gl 0l duslas ¥ dl= 0 & Cud ) a0 43 iy time RT-PCR
(Lhy S

bk DEG 03 YIYH e o 510" alom o e )l o 4l s
Ol 3l sy IS D6 e s b b e o 35 ISV el
CDS S A jaseio Ol slie oy 3 e sl OLE (g5 gne
85 s LOGFC = V/A |, spermidine hydroxycinnamoyl transferase
Oizmed 3 ACT 05 0 3l e LOGFC = Y/Y | chalcone synthase J-like
pelargonidin 3-O-6-caffeoylglucoside 5-O-6-O-malonylglucoside o
Ly s gme Ol Olsee o 5Vl LOGFC = Y/ | 4malonyltransferase-like
35 B Fn s 3 S5 G5 N5 V0 il 5o il 0L
@ by W LOGFC=-V/IA L 2alS U5 o 5V &S Ws g Oy 288 (gl
=35 01 3l dm 5 35 AOMTS3; flavonoid 3'5-methyltransferase-like &)
probable 5 Log.FC = -0/ L cytochrome P450 98A3-like (sla
»LogFC=-¢A 5 2a ks | chalcone-flavonone isomerase 3
LY JS8) dails Jl 3 sdny (glaas

5 SAT ACT CYPI8A3 (s e  ams sl 5 aud Olo 0o dnslis
s> ol 55 Realtime RT-PCR 5 RNA-seq =5~ 3l Jol> BEAT
4 A2l RNASE] 5 e S0 Glae 05 e o e oS0
Real- st 5 o 5 RNASRG il 5 oa CYPIBA3 0 0l S (s

ol s sy Ol il I ACT 05 5 ol 28l 51 time RT-PCR

aw a5 LSS an) baaised elad 51 CDNA glwls ags (ol
(O3t &S ,3) RNX plus oS 51 eslinal L (ged al> 0
RNA ¢S 5 ohS auli 1 g 2238 &5 50 RNA 21
CS 5l bdsed 4es 53 RNA gilaclle . oAl
b‘)l.bb.w\ Mbcr;: & (d}l«:w &;»SJJ) CDNA J:.«M 6)[?;’;

A oslazwl CONA glagbuls ol Cg
a5 58T 5 5l eslizal b sla S5LT olas 035 ool
Jse o 5 Ol bsosls ol 5w (gl b ey W S5
S8 Y 8 L s L (Livak and Schmittgen, 2001) 2744
WWQPMWMeJM‘MJ‘ﬁY)&M{)
qRT-PCR 24, Jap‘&- Ols w5 L RNA-seq J.bu 33 ek

MW[’“‘;}:’})}JJ‘@L&M%J&}W@

> & @

Yol 0N S5 i e ode Gsad ol Sl e aw =Y S
@)A.&f@ﬁi‘“}f}jﬁ &)’\S
Fig 1. Three different developmental stages of potato

tuberization: 1: Hook-like tip; 2: Swollen cap and 3:
Beginning of tuberization.
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Fig 2. Gene expression analyses of genes involved in the flavonoid biosynthesis pathway during potato tuberization. number of differentially
expressed genes (DEGs) in potato tuber (a) Hook-like tip stage vs. Swollen cap stage; (b) Hook-like tip stage vs. Beginning of tuberization stage and

(c) Swollen cap stage vs. Beginning of tuberization stage.
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Fig 3. Comparison of candidate genes expression levels using RNA-Seq and gRT-PCR analysis. (a) Hook-like tip stage vs. Swollen cap
stage; (b) Hook-like tip stage vs. Beginning of tuberization stage and (c) Swollen cap stage vs. Beginning of tuberization stage. Error bars

indicate +SD.
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