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Evaluating the range of proteomic and metabolic alterations in
Rhizomania-resistant transgenic sugar beet plants
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Abstract

Despite the significant benefits of transgenic crops, there is a general concern that if these crops, like their
non-transgenic counterparts, are safe for human and animal nutrition. One way to investigate the food
safety of these crops is to compare the molecular properties of transgenic crops with their natural parents
as well as crops resulted from conventional breeding which have a history of safe use. This research
pursued to determine whether the set of changes that occurred in the two transgenic events of rhizomania-
resistant sugar beet is comparable to the parental non-transgenic plants and was within the range of
natural changes? Whether genetic engineering led to the generation of compounds that are not safe for
humans and animals? Investigations have shown that proteomic alterations in both transgenic lines were
minimal and within the range of natural variations. Metabolomic changes in a selected S6 event were very
low while there were remarkable alterations in the metabolome of S3 event, although these were within

the range of natural deviations too.
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Table 1- Name and status of accumulation of proteins that showed different expression in sugar beet root.

Protein No.  Protein Name Accumulation Status
1 1-aminocyclopropane-1-carboxylate synthase (Fragment) S3*
2 Phospholipase D delta S6 |
3 Putative cytochrome c oxidase subunit Il PS17 (Fragments) S3 *,S6 *
4 Tyrosine--tRNA ligase 1, cytoplasmic S6*S31
5 Protein PPLZ12 S31,S6 |
6 Proteasome subunit beta type-2 S3 1,861
7 CST complex subunit STN1 S6 1
8 Vacuolar protein sorting-associated protein 22 homolog 1 S31,S6 |
9 Phenylcoumaran benzylic ether reductase, Pyrc5 S6 )
10 Glutaredoxin-C3 S6 |
11 Putative aluminum-activated malate transporter 11 S6 *
12 Cytochrome P450 714D1 S3*,S6 |
13 Replication factor C subunit 4 S3 1
14 Probable serine/threonine-protein kinase PBL9 S3 1,86 |
15 Cysteine proteinase inhibitor A S3 1
16 Adenine nucleotide transporter BT1, chloroplastic/amyloplastic/mitochondrial S3+, S6 +
17 NRR repressor homolog 1 S3 1,861
18 Aspartate aminotransferase P2, mitochondrial (Fragment) S3 +, S6 +
19 Monothiol glutaredoxin-S2 S3 1,861
20 Probable trehalose-phosphate phosphatase 2 S3*, 56 *
21 Cysteine protease inhibitor 10 (Fragment) S3 1
22 Ribonuclease J S3 1,861
23 Probable pyridoxal 5’-phosphate synthase subunit PDX2 S3*
24 Putative pentatricopeptide repeat-containing protein At1g12700, mitochondrial S31
25 Soluble inorganic pyrophosphatase S6 1
26 Probable fructokinase-1 S3*,56 |
27 Eukaryotic translation initiation factor 3 subunit B S3*
28 Putative zinc finger A20 and AN1 domain-containing stress-associated protein 8 S31,S6 1
29 Hypersensitive-induced response protein 4 S6 1
30 26.7 kDa heat shock protein, chloroplastic S31,S6 ]
31 Lectin S3+
32 Antiviral protein S S3 +, S6 +

ND s b ] s Bl BT Gl b s ps # :(WT) cou )l 5 8 ol L awslis ;5 S6 5 S3 Sl sl 53 Sy med e Can
3,06 55 5 e

The status of protein accumulation levels for S3 and S6 transgenic plants compared with the non-transgenic plant (WT): * absent, + present, 1 up-regulated,
and | down-regulated proteins. ND, no data.

Al VY (gl gima a8 =55 55 WT 5 VoVe/Y nmol g'DW oS o) gl
(LyS) o «(HiS) cpdies (Gly) DS Ll 151wl

b S (Phe) VT s dLeu) cpwd lle) e s 5

s Gly) S LCMS o5, b o sl aallls S

Sl O mhaw 53,8 1035 §6 slust 3 oS s slaal

S SE s sl3T del gland Sl ks 0 208l oo .23l

Hejri et al. ) sl 20550 S3 al) -Jly 5 (Ala) N1
! ) A o> (Val) s 5 (Ala) o 5 S6 L3 \Wor/A nmol g'DW L ol 5 (o3 0 550>)



https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.2.11.3
https://gebsj.ir/article-1-409-en.html

[ Downloaded from gebs.ir on 2025-11-03 ]

[ DOR: 20.1001.1.25885073.1400.10.2.11.3 ]

et Nl 5 o955 Sk 0 1S s

O 5 (g n

et i ol 0l el Sladd ) e s 1
Sler 5 Sk 55 b sl Leu 5 Val wal dd 53 s
53 Il B THE Sl e W5 e )3 5
ool Aol 55 ool o oy dits 8 5b 4 ASP (5] g

ol 0 4 J.sjﬁ

53 sl el ladad O uss 03 208 (Y Jsd) (2022
Glgiome 4 (g w0 (o3 W 51 (2 55 S 83 sl
Al ol 51z o0 1183 slas s 05T &l gladnd IS
Lool laagal jS1.(S3 slas, s YOYY/A nmol giDW) s,

Lie Asp 5l Gly 5 lle Lys Thr Asn ymes Sl

o e lesins Asp (5‘):.” 3 u:"iljs\ ‘L.fi‘ﬂt\i .hﬁfw

J;)l)QLLuJ'}UJA@&MJWLL{)JJASL;L&q};Uﬁ@:JW}}rb—Y J}J\:-

Table 2 - Name and status of accumulation of metabolites that showed different accumulation in sugar beet root.

Metabolite Name

Accumulation Status

Arg

NC

Ser

NC

Glu

NC

Gaba

NC

Pro

NC

Tyr

NC

Met

NC

Gly

S31,561

Asn

S31

Gin

S31

Asp

S31

Thr

S31

Ala

S31

Val

S31

His

S31

Lys

S31

lle

S31

Leu

S31

Phe

S31

Glucose

NC

Fructose

NC

Sucrose

NC

ADP

NC

AMP

NC

UTP

NC

UDP

NC

UMP

NC

Malate

NC

Succinate

NC

Trans-aconitate

NC

Citrate

NC

Fumarate

NC

Glucose-1-phosphate

NC

Glucose-6-phosphate +
Fructose-6-phosphate

NC

3-phosphoglycerate

NC

Phosphoenolpyruvate

NC

ADP- Glucose

NC

UDP- Glucose

NC

ATP

S31,86|

Cis-aconitate

s3]

Fructose-1,6-bisphosphate

S3|

J.::.T Q)JJNC (".‘k"')jﬁl }V':]"‘T‘jﬁT (WT)g;wnjljjfalf‘fLMiLb)536)83 C,aa.u\j.? 5La:l.x>-));u¢,.§yl..a@.>u‘ck“w;
The status of metabolite accumulation levels for S3 and S6 transgenic plants compared with the non-transgenic plant (WT): 1 up-regulated metabolite, |
down-regulated metabolite, and NC, no change.
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Figure 1- Heatmap of amino acids (a) and key metabolites (b) in sugar beet leaves WT, S3 and S6. Blue and red indicate low and high accumulation levels,
respectively.
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