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ABSTRACT

Introduction: Rice (Oryza sativa L.) feeds more than half of the world's population. Rice is considered a model plant in biological and
agriculture field research due to its small genome compared with other plants. Storage proteins in the aleurone layer of rice seeds include
albumin and globulin, as well as the endosperm, prolamin, and glutelin proteins. To determine the number of proteins and identify the
protein spots between the tissues of two embryo samples and rice endosperm, the protein spots were matched according to their expression
level in the images obtained from two-dimensional gel electrophoresis.

Materials and methods: The profile of proteins in the endosperm and embryo of rice seeds was determined using isoelectric focusing (IEF)
and polyacrylamide gel electrophoresis(SDS-PAGE) methods. The Image Master software was utilized to analyze the two-dimensional gels.
Considering the importance of local rice consumption in Iran and the significant production of this economically important crop in the
country, this study aimed to determine the diversity and differences in the expression of protein spots within the linear pH range of 4 to 7.
The two-dimensional electrophoresis method was employed on the Hasan-Sarai variety of rice indigenous to the region of Guilan. For this
research, the cultivar being examined was procured from the Guilan Rice Research Center. Subsequent stages of the experiment, including
sample separation and total protein extraction, were conducted at the Payame Noor University laboratory in Asadabad. Ultimately, the
protein samples obtained were sent to the Health Research Institute at the Faculty of Pharmacy, where two-dimensional electrophoresis was
carried out using an isoelectric focusing device. Finally, the extracted protein samples were transferred to the Health Research Institute of
the Faculty of Pharmacy to perform two-dimensional electrophoresis using an isoelectric focusing device.

Results: Based on the results of the two-dimensional gel analysis, a large part of the protein spots are present in the pH range of 4 to 7. The
analysis of protein profile based on standard proteins with specific molecular weight and isoelectric point indicates that embryo tissue and
endosperm based on isoelectric point and molecular weight showed that 284 protein spots in the embryo and 123 protein spots in endosperm
have been identified. Among the identified spots, 57 common protein spots showed increased and decreased expression between the two
samples. The presence of remaining protein spots in the two samples showed a significant difference between protein content in the embryo
and endosperm.

Conclusion: Image master software was used to determine the isoelectric point and molecular weight of protein spots and expression
changes between common spots. Analysis was done in protein databases and possible proteins were identified in embryo tissue and
endosperm. The proteins identified in rice endosperm and embryo tissue in two-dimensional electrophoresis included grain storage proteins,
glutelin precursors, acidic and alkaline glutelins, globulins, prolamins, HSPs, and hypothetical proteins. Therefore, in this way, it is possible
to identify the level of expression of proteins and also their biosynthetic pathways.

Keywords: Rice, Embryo, Endosperm, Isoelectric focusing, Molecular Weight, Point Isoelectric.

Article Type: Research Article

Article history: Received: 14 Nov 2023, Revised: 23 Nov 2023, Accepted: 07 Dec 2023, Published online: 22 Dec 2023

Cite this article: Kakaei, M. & Akbari, L. (2023). Comparative analysis of two-dimensional electrophoresis of rice endosperm and embryo
proteins by using Image Master software. Cereal Biotechnology and Biochemistry, 2(4), 418-431. DOI:
10.22126/cbb.2024.10492.1069

@ ® @ © The Author(s). Publisher: Razi University
BY NG d- 10.22126/chbb.2024.10492.1069



mailto:m.kakaei@pnu.ac.ir
https://www.orcid.org/0000-0002-1686-444X
https://www.orcid.org/0000-0002-2375-9891
mailto:m.kakaei@pnu.ac.ir
mailto:m.kakaei@pnu.ac.ir
https://doi.org/10.22126/cbb.2024.10492.1069
https://doi.org/10.22126/cbb.2024.10492.1069

O

ML ol g 9 (5590 955 g J

Sk YYAY—O1Ye 3 S I UL

SR oaiign 9 (539999

Homepage: https://cbb.razi.ac.ir
ool b i1 (i 9 gl (i g 31 (Gohmy 99 53999y (glebunns o Juokoxs g 4y o
Image Master 1331 o 5 3

TSSO 5 S g

Il e sipls oSS 1g5,sliS psle o5 5 i msiige oi8 eaStils «lilipdlol Ll !
Ol oltsle S w53l olRasls (gl qlio 5 (5505l mad s w559l (oosiitee 5 sl 00Stls ( ALS S g el (i 09,5 15355 STsen Soolinl T
M.kakaei@pPNU.ACir :4sbly), . Jstus oot 55 =S

PR

e plos dy G oLF 1l po55 390 SrgS S 4 a8 e Ll 1) bl 285 oz Cmez 5l o ) Lt adis 50 (Oryza sativa L) gy oLS taenite
@ 4l 55 0ol Y Szge loptd (Slataisn Sg)c0 slad & (ool bS5 S Clj anse o (izes 5 S oS S Ol 4 (G saiagl
Olee iz 5 Ol )0 (e Slags Bras Coesl 4 azgi Lol (ligh 5 Ge¥an Gloeting Jold Ol prwsnil 10 5 sl 5 (rmegdl Jalis
S5 5l oolil b e b gz st atanl o3l 0 sy sWdS) ol Sglis 5 £95 e B b dalllne ) o 955 o (solaiil s oSl 0y
03,5 0olaiul (IS (sogr @ip 5l (sm 99 55989l

SDS-) wesl e S1iky 3 olyoe 4 IEF) Stsss'ss S 2S5l b, 5 i o i 5 gl g0 05250 Loty e g mes Sz a9 9 9190
b 5 S0aS) Berss @i gl 5 i diged 90 LBL (g SlaaS) Slulid rizen 5 oy Sl enl Zgz 08 eolil (PAGE
i 3550 5l gl 155 s5kie al sl 00, eolil IMAGR MASTET 1531 o5 51 sums 59 5,589 5801 J5 51 ol gl yo o] (et Glies 42 425
Caled 5o b plal sblal g8 ey elfils olK2glol 3 VE- Y Jlo S (nsign glipenl 5 baigad siloliz (ialojl 5 st5u szl 5 w0, s S @i
JUil (53l lo 0aSasls cuadls ouSimghy & SipmsS's8 S iSUlgl ol Sl ool b gomigs 5,589,550 Jolho plonil g oud gl el (g sloaiges
A eols

Sean hlsn (pp > WIS jphm Cha U ez gl 0 03k )0 (s a5l (o (i s 58 sla s U1 Jole il el slaasdly
STTYAY oms 99 5585750 g alpo o paseivo S Syl abai 5 JsSUse 039 b o luilin] (s Lo Siid (bl pr gl 5 (i 3L sloaisas
s AT OV slusi oad Slulid cloaSy (s 5l wiad Slolids S Syl abais o JsSUge (5 ool g2 sl p0 (SSgn AT 5 iz 0 (S5
9 Oz 52 ey lyie e )l ne SWST Liged 90 0 oaile (Bl gy slaaS) Hphm isls plas dised 93w |y Ole RS g Gl S xde
isls plad 1y o pwgus!

s 33l o3 5l oolatl b sy (e Ol Slied 5 (o9 sloasd (JsSUge 59 9 Sz SUlgsal b Gulol 090 98 ot et Sty 6 S A
O 5 gl Sl o oS Qlaitgy aiad lulid o prgnil 5 ez Sl o end 0y il slainSsn 5 05 pll (s SEMBT slasil
5 HSPs agreasy daidsgls o bl 5 sl (Slacalisht (elislS (slajle oy alls (slo s sloguiny Jols wind (lulid samy 99 555892501 13 @i
Sged lulid 55 1) oyl (6 3timsn (6lo e iz ed g by lo olie Olgiiss Bk onl 5l onlple .ise Hypothetical Proteins

(S o J5Uge 5 «SapusS 5 S S g3l o praagil i o g lS s L03ls

gy lie :allie g8

VYN o) 1oy ST HLEGS V- Y/ NP 1 5h 1 VE- Y/ /Y sdol VE- Y/ AIVY scdly o allie g o3

Image Master 81 o 5 5l oslicl b gy iz 5 pypwgil (slociis g (ams 99 5585 i8Il (slmnlie Jolowi 5 20325 (VF+ V) . «(s 15T 5 0 (SIS 0Lkl
DOI: 10.22126/chb.2024.10492.1069 FY\-F 1A () F e y corciipor 5 o5l

@ @ @ OB dm s © &5l olKzils 1,k

BY NC



mailto:m.kakaei@pnu.ac.ir
https://www.orcid.org/0000-0002-1686-444X
https://www.orcid.org/0000-0002-2375-9891
mailto:m.kakaei@pnu.ac.ir
mailto:m.kakaei@pnu.ac.ir
https://doi.org/10.22126/cbb.2024.10492.1069

fY- FRVFAVA D F O FY e cordisn 5 655555 s ST 5 S

«ls (& Komatsu et al., 2003 & Toorchi, 2015 doddo

Ll ) ohas & bl sl netisn hol e i Slse 4 (Oryzae sativa L) gy 5l Lis poye 5l sows
Slyme Gl @ip M plo b anlie o ol P55 0 SagS e g oS o ooliiwl Lol slie

ol it dilo i Kakael, 2023 ) aib oo 4295 3,90 (i sboi0s5

Production/Yield quantities of Rice in Iran (Islamic Republic of)
19942022

AN
B \'/\.\,fif' PV AN

§

@ ]

e

¥
=
AN
—

£

1994 195 1996 1997 19%9S 1999 200 2001 0N NG5 2004 2005 2008 2007 2008 2009 106 BN JGI2 2013 20I4 IS 06 M7 IS oM W NN 200

o= bran (Islammic Republic of)  -e- Lran (Isdamic Republic of)
Area harvested Prodiction
Rice Rice

bl 2 olpl 5o Lo golaidl Jaamo (rmogu (ylgs &1 gui y CulS 33 5 e 9 S g (ol o =) S5
(FAO, 2022) LT

Figure 1- Production and cultivated area of rice as the world'’s third economic product in Iran
according to statistics (FAO, 2022)
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identification of rice endosperm protein spots in the acidity range of 4 to 7 with Image Master

software.
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Figure 3- The pattern resulting from the two-dimensional electrophoresis of the extracted
proteins and the identification of the protein spots of the rice embryo in the acidity range of 4 to

7 using Image Master software.
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Figure 4- Three-dimensional images of protein spots between two samples endosperm and
embryo rice of Hasan Saraei variety in five positions with the greatest difference.
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