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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.

Key words: Safety assessment, Proteome, Sugar beet, Transgenic plants, Metabolome

L (st .(Rezaei et al. 2015) ol o3 5 axlse CunSls
o 3L ol a= U Rz2 5 Rzl slad sl fLB)l 31 eslazul
D5 S b S el odd s (lons ol 4 pslie sy
sheliSAt g s b Ol bl 5l (g5l 53 Cuslia (4]
Zareetal. ) Lo ghd> S5 e S 5 L
(S5 ewkige b i Lo (Lennefors et al. 2006; 2015
5o S Sl ool b Wil sl 4 pslde L3 ks A5
old L0l (Zare et al. 2015; Safar et al. 2021) RNA
Sl BT 5l eses a3l s LSS 5y bl el
Db el anns dsol plal s S35 e
<=L>.L}\ syl 5 SN pame Ol bl bl 8 aS e ol
055 amlie Gk Sl Ve ol M lea" 5 s
Jpame b al 5 Jpame ol ple 5 05805 oy S 10
Slsd bl gl st peon 5 el Wl
das 5l b 5 oS dn Sl e 1 a5 S e s JS 5
ol S K el 03 g e e Ll ey 2 350 AS
Jpame J5S050 S5 Gl 52 LI =) il 0k
o LT =Y Sl osls (555 lmts I olS & S a1 5
Lok el b o S5 b @ e Ol
gl @l sl &S cl sl S5 e Ol )5

63 gd>wa 4> C)‘):::_? U’i\ Lj -y QH\.&: J.?i:.a b OY‘}M

doddo

Ao 5 Jlime éurgs\ 3« (Beta vulgaris) .3,
3 g S Ol ez 1 Ol Sl s bl 53 (6 e S
o sy 53 5,80 (YL chale s 4 (Winner 2012)
S onlpls S e ol L S8 Sl glol 5l g s LB
ol (Finkenstadt 2014) ol jls, 5 5 VU (g5l 35
b ol plicead Blsnly msns olen 4 S olS
Mg 5 508 e ad; ClS 5 S ol S 59
Biancardi and ) s> o falS a4l S s S
S el Lddir Golew (S ege Wlespl, (Tamada 2016
gy as glabs Ul ss e 404 b s L oyl sl
«Shahbazi et al. 2010) il 5 1S Olgr ol 3 Sy
sl bl 51 sy ol ol (Webb et al. 2014
O 035,50 S ,85 GLbl s sy e il Co e
B Al (S 55350 L) 5 hsb S s bl S,
w3 S0 ol slaady) 3 agsl B85 wdy, AU S olS
5 Ay Rl ks sl Olas Glosg-s,s Ky uss
Lennefors et al. 2006; ) 555 o S o = 5 olS 5 Shs

.(Biancardi and Tamada 2016

L olenw das placd 5 2l gt Loyl

VPoo bimo) 9 3l /¥ oylokd /nd 0590 [ Sumn ) (o] 9 ) omwikigeo -


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

[ Downloaded from gebs.ir on 2025-08-03 ]

[ DOR: 20.1001.1.25885073.1400.10.2.11.3 ]

et Nl 5 o955 Sk 0 1S s

O 5 (g n

LC/IMS s, L S5 s S slacd ple 5 aul (sladnd

Ll o e3ls - (Y+YY) 0L, Ken 5 Hejri Jas s

Sheslanal by i Sl b 5 5 bl o 5 428
e Jdo 5 o4 gl Al plmil 470 aes SAS 38l
Paris  Addinsoft) XLSTAT il 5 51 (PCA) Lol

L% esleww! (France

CL-"L:}@L"J

K555 5
SIFTY ¢ pame 55 @DE-MSIMS s, b p sty asllls
ool Al gl Wl Gt n sled) s ALl
53 Gl 3 5l i) s B Ol ess 55 5 VY sl
05 5eSan YO aSgysba () Jads) Wsls LA s C]aM
56 o B wl 5 olS 3 s YE 5 S3 a3 olS
oS 4 e S3 lad} jo s p oS0 s g a3 S 1S
Sy Sdls 525 83 s 4 L &S J s Sl sy A
sy a e a0 K5 Y L i sdalie Wiy LS s
Sl A (Ol Jhals) sy b 5 (Ol Shl3h) ksl 3
Sl sy My oS 4 Cans S6 ey s B
sdalive Wy olS 53 Js Codls 345 S6 3 4T 4w oS Jl= 5
A iy B Sl B 5w 0 a0 L et L L
& Wl 2DE J3 55 s a0 o 548 45 Sl S 0L
@?JCE.N;JHJW\&LM&:MQTQLﬁc,\pém
(2DE) oslizul 5550 o5, b 45 sl 2alS g, 4 0 of
Jbosy Lo A Sl S (JS sk clenss ol LB
Sl QLS Jawsds BB Ol s s )l 5 glaslas ) s s s
o s gt 210 DL Sl Ol L sla gy L IS
Ol SRl L edals s s 4 i licomle L
Gles S @ 3 Ses Bl Sl Lty ol bes o
() 3 ) GRS 4 el e iy Gl ey
RNA 5 DNA 25l 5 daeis g 455 5 A5 o sbis

ek Dl b e Ll 3 SOl Sl L6 i
¢(Herman and Price 2013) ..l ol 3l s

ROy S0P O ol ‘-;ulv‘\.«.é.ﬂ RNA d&y[}- MKA Jl;e.i‘

s 5 LSS @ el 5 et w53 s Sleagsl
255 ) 3LC-MS 5 2DE-MS/MS

L f, g 3lse
ol o O Spen byl wlE sy 5 oS
Jol> oS i S5 ase g L (Beta vulgaris) L3 as
Golow 0 polie asel 5ol 5 Jold Lap SLiBles S5
s (S6) 6018-T3: S6-44 ;5 (S3) 219-T3: S3-13.2 LiLe 5l
Olse 4 ) SBSI 9597 (g ley 4 il iyl 5 8 s olS
slaslas, (Zare et al. 2015) <5 S 1 3 oslizal 5,40 (J =S
Cosldina 5 S5 mdige o olagn Sl an )l
Sligis anwde 1Ml Ll e oS 5 (Ol L)
o3 buds a0l 7 5) A3 ke S 4 5 Al
T e sy OVAD S b, e b dd, GUI
T Sl e AS S 5, 5s YO0 les s 5 Ao
Bl O3sas 3 s by oS s glead, 5 LS, ol

Ao g =Vi°C 5 5 dees

ety g plelid 5 el (SileS 5 gl sl
ly 5wl 5 OLS Gl e LSS 4w ady); slats »
s Yang %5, L lks TCAJacetone s, 31 el U
L €sed o sy chle 5 ad ol sl (YY) oL
G gileldr S sl (VAVA) Bradford s,
L Wdj gl K, SDS-PAGE ;5 IEF s, L ey,
Sl b sl s 5w dadl Sl e, ol
GE Healthcare) 7/+ 4.5 (ImageMaster) Melanie
b Jls «(Sweden MUppsala Amersham Biosciences
GLal&L s gl slulks s MALDI/TOF/TOF L o055,

RGN PR A CJ,J: (Y'Y\) Qb@ E) HEjri Jlio BE o3ls

VFeo limo) g 3l /T o loul /o 0590 [ S ) (Sos] § Sl § (qmwkien


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

[ Downloaded from gebs.ir on 2025-08-03 ]

[ DOR: 20.1001.1.25885073.1400.10.2.11.3 ]

Q\)L{.‘wﬁj‘sﬂ @)f“}&ﬂ)ﬁdﬂﬂﬁaﬁgw)f

4.(,:..:: E) C,wuy\._ojjls 46).,\.5}2:4 d)}: L;“:thg.al.b‘ B eK.ﬂ?- L )‘ Opomed L;}l‘w JLS.U\ E) CaMe ‘_;:LWJ\JJ

JJ.:‘.:QL.Z.;é}k&ndlﬁ;ﬂ)w@)}:ASJLuwS}ﬂ@:JW})rL—\ JJJ;-

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.
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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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