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The Iranian poppy (Papaver bracteatum) is a medicinal plant known for its ability to
produce the alkaloid tebaine and grows in specific regions of Iran. This study aimed
to identify the optimal protein extraction method and investigate the genetic diversity
of 18 populations of Iranian poppy collected from various parts of Iran, along with a
control sample of Papaver somniferum, using seed protein electrophoresis patterns.
The results indicated that the protein extraction method utilizing phenol yielded the
best results. Additionally, after staining with Coomassie Brilliant Blue G250, the band
patterns displayed higher clarity and provided greater precision in tracking protein
bands. A total of 68 bands were observed within a molecular weight range of 13-120
kDa when comparing electrophoresis patterns. The least and the greatest number of
bands were recorded in populations P2 (Lar Dam, Alborz) and P17 (Pol Zanguleh
region, Alborz), respectively. Genetic similarity among the studied populations varied
significantly, ranging from 0.4 to 0.8. The greatest distance was noted between
populations P15 and P7 from two different regions: Yush-Baladeh village in Alborz
and Pir-Imran village in Kurdistan. Seed protein electrophoresis effectively
distinguished between species P.bracteatum and P.somniferum. Cluster analysis using
UPGMA method along with Dice similarity coefficient revealed five distinct groups
among the studied populations. The findings suggest that geographic location has
minimal impact on population similarity and their clustering; therefore, seed protein
electrophoresis can be utilized for isolating and identifying different populations of
this species in conservation programs.
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Extended Abstract
Introduction

Iranian poppy (Papaver bracteatum) is a valuable medicinal plant that grows in limited regions of Iran.
This species contains a high concentration of thebaine, an important alkaloid with significant pharmaceutical
properties that can be readily converted into codeine. Moreover, thebaine can be transformed into Bentley
compounds and various narcotic antagonists. As a precursor alkaloid with notable therapeutic value, thebaine
plays a key role in the synthesis of numerous morphine-derived drugs, including codeine (a cough suppressant),
morphine (a narcotic analgesic), noscapine (an antitumor agent), sanguinarine (an antimicrobial compound),
and papaverine (a vasodilator).

Seed storage proteins are widely used as biochemical markers due to their physiological stability and ease
of handling. These proteins are typically polymorphic, heritable, and represent the direct products of gene
expression, with minimal influence from environmental factors. Analysis of seed storage proteins using SDS-
PAGE electrophoresis is a common and reliable method for evaluating genetic variation within and between
plant species.

In the present study, seed protein biochemical markers were employed to assess the genetic diversity of
wild populations of Iranian poppy collected from different regions of Iran, highlighting the species’ importance
for pharmaceutical applications.

Materials and Methods

This study aimed to (1) determine the most efficient method for protein extraction and staining, and (2)
investigate the genetic diversity of 18 wild populations of Papaver bracteatum collected from various regions
of Iran, along with one sample of P. somniferum used as a control, based on seed protein electrophoresis
patterns.

Four protein extraction methods—Tris’s buffer, phosphate buffer, trichloroacetic acid (TCA), and phenol—
were evaluated. Additionally, three staining techniques were applied: silver nitrate (AgNOs), Coomassie
Brilliant Blue G-250, and Coomassie Brilliant Blue R-250.

Polymorphic protein bands were scored as presence (1) or absence (0) using Phoretix Pro software.
Molecular data were analyzed using Photoshop CS11 for image processing, GenAlEx for genetic analysis, and
NTSYS v2.0.2 for cluster analysis.

Results and Discussion

Comparison of the extraction methods revealed that the phenol method produced the most reliable and
reproducible results. Among the staining techniques, Coomassie Brilliant Blue G-250 provided higher
resolution and improved visualization of protein bands.

A total of 68 protein bands, ranging from 13 to 120 kDa, were detected. The lowest and highest numbers
of bands were observed in populations P2 and P17, respectively. Variation in banding patterns reflects genetic
diversity among populations, whereas the presence of shared bands indicates genetic relatedness and possibly
a common evolutionary origin. Differences in band intensity suggest that multiple protein polypeptides with
similar molecular weights may overlap within the same band.

Genetic similarity among the studied populations ranged from 0.4 to 0.8. The greatest genetic distance was
observed between populations P15 (Yushbeldeh village, Alborz region) and P7 (Piromran village, Kurdistan
region). Seed protein electrophoresis clearly distinguished P. bracteatum from P. somniferum, as expected
given their taxonomic differences.

The highest similarity was detected between populations grouped in the first and second clusters. Principal
component analysis (PCA) results were consistent with cluster analysis findings, confirming the reliability of
the grouping pattern. Cluster analysis using the UPGMA method and Dice similarity coefficient divided the
populations into five distinct groups.

Because seed storage proteins are more stable in mature seeds than proteins in other plant tissues, SDS-
PAGE effectively revealed polymorphisms based on variations in protein intensity among germplasms. These
findings indicate that seed storage protein profiles provide a reliable tool for identifying and differentiating
populations of P. bracteatum.

Conclusion

The results suggest that geographic origin has only a minor influence on population similarity and grouping.
In contrast, seed protein electrophoresis patterns effectively differentiate and identify populations of Papaver
bracteatum, demonstrating their usefulness as reliable biochemical markers for genetic diversity studies.



Evaluation of seed storage proteins patterns in Papaver bracteatum / Afkar & Akbari, 325

Author Contributions
Dr. Soheila afkar a conceived and planned the experiments. Ms. akbari carried out the experiments. Dr.
Soheila afkar analyzed data, wrote the first manuscript and revised according to reviewers’ comments.

Data Availability Statement
Data available on request from the authors.

Acknowledgements
The authors would like to thank the research council of the University of Payame Noor, Iran for the financial
support of this research.

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Conflict of interest
The author declares no conflict of interest.

Iranian Journal of Horticultural Science, 2025; 56(2): 323-339



* ., 2
Y ol DF s Wi Jet r"’ e

var.—rFrr J:f/.( l;l: k2 il

Homepage: http://ijhs.ut.ac.ir//

SR SIS 3 H Slo w>d S g ¥ 8! S5

TS 1y |3 Magens

Dr.afkar@pnu.ac.ir :asbll, .)lp! (65 o8 plo oKl ¢(g555liS 09,5  Jotus odiamgi . )
zahraakbari@gmail.com :asbLl, .l «oylps o9 plo ol5iily ((s5y9LaS 09,5 .Y

oS> Ao e
bl ) (liasd ST adg colblB b gl olS S olgie 4 (Papaver bracteatum) iyl jolseis Wl go

€95 a3 oo el Gy st lolid Baa b piloil cul S e 3y olal ) ol
a5 Sy olyan 4 Bdgr 0156 glgen oyl il Gblio 5 & Syl pleis | Cames VA LS55 gy Vo
oS ol olis uls Al plool )i uBgp (55589, 5651 3l eolanll, Papaver somniferum s
301555 Sl il (5980 (prizmod A o )1y e (i S 31 00l (39 ]Sl g
b2y wald (L sl (2hd) o (s yid ©B3 g Cudly g 5YL 259 G250 shiilly i gulegs b NF-¥/-0NYF el > U
odabie (ollaglS VY=Y aiels ) (JoSUse (59 b )l PA Slass (iaig p (lals 5989 iUl (698U duglie VYN 2R3k )6
(541 5555y dilaio) P17 5 (5,01 )Y 20) P2 Cmaz )3 o iy b dliss (i 9 (a8 03,8 \FRNY/eN by G )6
Jelis Iy «/A G «/F o aiely g 0390 pusio (w1350 (slCurer p (SuiB) WU e 45 oinlie WeF ol 1) LS & U
ld,S g oaly e (sliag, yul dilaie 3 5l s PT o P15 Capman 93 cynr aloold iy 05 o

5 P. bracteatum «is o )3y (i 985S (g5 5l ool b ap3)5 <ol ofyos yp (sliss,

bl s wlis oys g UPGMA ig)a (sladed 40 L5us K& o934 P. somniferum
o jlaanls

SDS-PAGE i,/ sbeis
Sy s g5
S E55 T &

dilate oS 5T oaimd LS gy ol ol 008 CKuS5 1jome 09,5 zuiy 50 adlllans jge (clacunes ¢ L
h ol b o outisn 5589580 s bty asle] sai0g)S g locumer Calid y aldle
8 oolatwlyyge clblis (gladoliy jo aisS () calisee lacurer ololid o (gilulis (gl a5 culyls

25

DOL: XY¥=YYQ (V) 08 o/ el pole 4y .yl (sleis )3 4k (clopsdd clacutign oI obsyl (VE-¥) o) qopsT 9 Mg oI5 :300w]
https://doi.org/10.22059/ijhs.2025.379747.2193

@ ® @ By © Ol oKy Ol )lis] Ao tgail
S amram DO!: https://doi.org/10.22059/ijhs.2025.379747.2193



mailto:Dr.afkar@pnu.ac.ir
https://doi.org/10.22059/ijhs.2025.379747.2193
https://doi.org/10.22059/ijhs.2025.379747.2193
https://creativecommons.org/licenses/by-nc/4.0/

Yyy ST 5 351 [ ] Jolaiss 40 5o (Glo g (slo 3’y 31 (595N (S j il (g fy — (~ode)

dodio

Hadipour et al., ) cusl ubgielS (5,8 5lubogs b iS55 dlwils 4 (2n=14) elody alS Sl Jilbis
Gy g oads Bl )l 5l (g3gd5e Bblie )3 a5 sl (gliaid)l gl olS 555 ] .(2020; Mohseni et al., 2015
(Nematolahi etal., 2024; Anonymous, pas' & B4 Slg e oS cul w6l 15T g5 b6 lude
aloxjl owls (Nematolahi et al., 2024) 395 ods *iske CanssSIl cpais 9 (Jio SluS 5 uiomen .2019)
Bl g LS clagyly algr > ere 8 a5 (o9)h oled 5 00 yS il o & cul 4l e gl
5 eslatol (gl Lalds yiol38l 4 45 5L (Labanca et al., 2018; Anonymus, 2020) >)ls |y 59,c eauSHliS cuols
ots Ml el 5eleSTs 9 (P Mol (sloasly e Bjlog)b lio )3 cgkangl s oebage <ol Jio aloag Sl
L .(Rostampour et al., 2009; Rostampour et al., 2010) 343 0 dsog 2LASISIT s xio Hlgicar Syl
Ale o 035 YB3k Clyoss cpl 4 ()85l o (S8 g9 oy b LS s sladisS ¢ oo balyid j0 o
S g5 o5 s § (sl y9uiS 53 s (K] g5 &S Canl (65955 <l 93! (Salgotra and Chauhan, 2023)
5l 281 & 1> (Hadipour et al., 2020) 3,5 1,3 adllaed ygo (Su5j lio Cundg op 3l jogas > (il oSS
Kaliaetal., ) xS o oS (LS sl Sy d9mtc 9 Lopwdhp)) jl chlis sladcy 4 (alS cladiss (S 95
oalizl s (sla S L8 (lyieer e b3, 1B SluTas 5 039l ool el &5 jib slacyy (2011
Jyae yolis ul o)y (o8 3l dasms & (Jmldy> piomen 2035)l5 B 5 (S50 g5 sl Logos 9 S350
s slausigp 5JUT.(Omonhinmin & Ogunbodede, 2013; Garima et al., 2013) witwa Jld (slo ) pubioe
dgdce ol s 5 (19> (SuB) g9 adlas (slp 03,8 y0bay SDS-PAGE 5089 5sdl 5 52 )bl
.(©Omonhinmin and Ogunbodede, 2013)

AFLP 5 ISSR (sl Silis bawgs ol 53 adlate Wiz ) oadispolaes (Slpl (oleis (S5 985 gy
On > Vb (K55 g5 g edddgime 95 pby Il Mg blurer 9 2l dolh &5 ud asuis
3y90 ISSR g RAPD JsSJgo (sl Sl jloslizmall ely; ol p (Svf o5 il Sl Libss slacuses
ool oS g o Jlo 3 0235 )18 095 slez )3 ecssl) RAPD S0Lis slaosls bl 45 €85 5118 (o)
O b SaBi e SOl 90yl slaedly bl ol 18 09,3 90 3 1y adllasdyee slacwisii dSSR LS
buwg Syl Giluis )3 038 (S g 2929 (Shanker Acharya and Sharma, 2009) 1 oaaliv bewss;
oS Can b gy LU Nl awslis (Qaderi et al., 2019) cul snis (5)l5 slewdgnd o JoUg0 SOl
P. dubium Joli pow 04,5 P. rhoeas . P. lasiotrix.P. bracteatum P. orientale 43 04,5 ,> P. somniferum
sl wloly P.osomniferum owde,5 VY (Ashrafi et al., 2013) ¢é,5 1,3 P. argemone «s k> 05,5 ;3 o

1. Rypaver bracteatum
2. @Gmetophytic

3. Akaloid

4. Thebaine

5. @deine

6. Bntley compounds
7. Quoid antagonist

8. Rypaverine

9. Mphine

1 @pavine 0



’f’FiﬂjA’E)M;W& “’ 01_&4‘;{ ;)3"‘0/)'.'/@[:“"4’/‘}1‘ 4.!)-«:.; YYA

oy la gy jleslatwl a5 Lbuljl (Verma et al., 2015) wus SSE5 09,5 05w 5D yko g 939,55l
ol 5>l 350 QL g abga loj Sl (pdeg SlaisS (55 £95 bl ) alewidsn S oUW plgisa )b
s olysa ol ciliseo 3ble jlordigyglaar (Jlal Mouis oty slaaisS (S5 £55 p Banl: 35 Sbe]]

5 oMl )dy (9 (alesgn ;SO i ag)ls luo 53 diedd)l 4595

Brigy 99190

P. somniferum ages < ol paddsy Sl pl (5l5uis 465 5l Cunes 0z Jolds Baiod (pl ) odlaiiw] 3y50 aLS lgo
() Jgia) 808 as &le 5 K> Ao ()7 S 14 55 iliseo aidlaio 03 51 J 38 lgisas
SN S g § IS T1 5t

Sl Swlg IS 65 ¢ (Schultz & Mosbach, 1971) wlaws (Ranjan et al., 2012) w5 5g, ,ka
93,5 oslawl yds (sl pigy 2l sl (Hurkman & Tanaka, 1986) Jis 4 (Isaacson et al., 2006)
& ! G g 3 A (i

635 Oragl p o 3,5kl (sloitig s g 3,980l g, bawss (g GBI s (sladigad Sl B9y gl 5l Sl
by o wds liee g 0d 03l )8 egubg il olKiwd )3 3 )liliwl 1S (sla e [(Bradford, 1976) s o
b o p gy cdale jloalaill ¢ Ad ol 5kl G diges jo slyp 3,5 (5550310l yiegil DAY zae Jsb b oKiws
23,5 oy ol polne slaclale filie ) olSKiws bauwgs odiosilgs polie muwy b dylbbiul (goxie 13,5 maw )5 ygawsS
bt gleg absbee (b aseie b .88 )8 (90ily00 55 ol Msojlte 5 cigme)) capd sz o 3l e

s (LS sdisel 55l gex sblie g oS Y Jga

wigod dlux Gaglaen Joxe ot 4g5 U aiko 55
Y Y 5l P. bracteatum AlbLrl P1, P2
Y Hglod | P. bracteatum AloDmvP1 P3. P4
Y Hgled 5l P. bracteatum AlbDmvPII P5. P6
Y Olyes (sl oliws,S P. bracteatum KrdBnh* P7.P8

v Ol Oliwd,S P. bracteatum KrdMrvn® PO,
Y Il dilate Sliwd S P. bracteatum KrdSndj* Pll:i,10
Y y9kad (sbusg, oliws,S P. bracteatum Krdlhgh Pll::)%,12
Y oab e (liwg, | P. bracteatum AlbUsh Plz,14
Y S5y adlaio 5 P. bracteatum AlbZnBrdg Pli;,16
P18

) Otoge 4035 Sws,S P. somniferum KrdSorn® P19




rva ST 5 351 [ ] Jolaiss 40 5o (Glo g (slo 3’y 31 (595N (S j il (g fy — (~ode)

32999 753 g ooy 9 3 S Clilipd

SS g id cblies M\Vi=EMVy 5038 jlosliall bnSon plod (J5 sop0 LowSon o Sloie
g Jpuodgdrorus gy 5 b odlitel  Slilgus Jrsdgdmats ypi > ool LS U5 50539580l g 3l loiseia
23,5 o3kl by p SSE g VI oSl Jf 5 70708 S pote S5 (slapli b 5 93 5l (s S0) (oo
VO HCI g 3 el s Jpmodg3maes co39) Jg yoslS esbJ3i390951) S 5 L digad 3l L ladigad (5 (s3loodlel g
O yglateds 3)5 (HIIS5L 5 g9y oSy cale b igas po I g oadbgle (Joblgnls el § cotins atrpul b Yoo
Bio Basic s, 5l (V/¥-VVF KDa) Lasuie JoSdo (js b oo s sl S olis G dayulgn (Jolo 59
g Y0 g b g el g5 oy 0 3 yate 5 5 ey Ar g b o0, b 485 iy Sl gl > IS
ol jI J5 g 0ad ghad 3 bz «J5 Sl 4 S5 o e Sl 08 plosl el dw oy oS 5 3
.(Bollag et al., 1991) 1,55 ¢z,
SDS-PAGE J; & 0TS

(51K gy it S psliteas 5 il wlie e 53 S5 (550015) Uy 53 eddesalie g3 gl
DP9y 5 OBl gy T+ lsheill  solegS oy alexil (g5el S Cilie (slagig) pols halejl o Lz
P45 duglie (g Sl (gilopals el VO 2 slbcill pcwlegS
YO¢ 3Tobcilly powloss gy

) Jsloxe 99 el 035l oty U5 5 45 (LEE €t al., 1975) Yo+ Tobildy ysolasS (6 puelS5, Jslono
3,5 )13 sl b all g 5 dke) Ascdlad jolaieds pS5y Jolowe jd el Y=Y Gty J5 o) 5l dm s 03l
058 O 5 Big

& plool (Chaffin et al., 1998) g, b J5 (o juel S,
Y8+ o2 gcildy poulogS g 5

(Y0 2slcill plosS 5 (Al Sitslipusl ¢ Jgilio latio OI) YO+ 2 gbilly yy wlogS bawg 5 (552155,
o&iwd g9y Jolore (pl (1900 el 03l ©sedy J5 9 A ploal (Y++Y) Meyfour & Rezaie Tavirani g4
Stligol 5 Jsilio o) 255) Jslomo )3 210355 (ubign slasil zgdg selaiod 85 )15 urblito oo
digej U ad 0313 )18 (cuaboline ()jem olod 59y Jolowe (193 yutin b el duw 193 Doy J 5 €85 )90 (alls
85 )8 oypy9m 9 038 (S s 1398 Blas LIS
Loold LT

wallas opl )3 .0 23kl Phoretix pro jl56ls o sloslatwll g G g yao &)god JSbas sl g)ly oSl
tesliol 5 03lizl JoSJge slmosls 3JUT cqs NESYS V.2.0.2 4 GenAlex . Photoshop CS11 la5éle » §
Cawddy (§400g )5 (p awlio UPGMA by Sloslitll « SiidsS’ oy dumslne g slabss 5o calisee sl by,

ol

1. $8
2. Sacking gel
3. Rsolving gel



’f‘f:ﬁja’é‘)wtwjol’z.g 0‘)}04‘)’).{’&[’.9’41’0}‘94'{)-«:4; Yy

el %)

(V JS) g gl el lises slasby) duslie -Cunl e (B9 CueS 9 CulsS 3 (1o glyinl ) 9
5099955 sl (g gl il Cilitee (sla by duglie )3 amd o ioled |y s o plte JiB gy & 35 pasuiie
rcwlio 8 oey S W5 asuine (V+)F) Kutka Hlozakova et al., lawgs Papaver somniferum oLS > L;,\*:,a
JS5) (54015 il (glo g dulio (izman )10 Sl en adlllas ol lis b oAbl oo (g @Sl b,
dst ol (452l gy onl g 328l 55V 985 G250 il cwlogS gy b il 55501 a8 o s (¥
b G sl (2bd) 5

| | £ 3% B S et ed |
e - - w

_i,' i
-

-

.

C Do -—— i

J6 gy D Satalasulg)IS (65 (59, :C Olind o9y B a5 59y A LS9 gl il ciliste (sla by dualie Y JS

GYD« sly il o sologS” 29 D RYD« bl o solog” g B 0,802 (29) A iy (6300l cilises (sl ) dunlie Y JS5

ypa> Oyeods Phoretix pro, v10.4 l58le 5 sleslaisll « K58l U lassh Gl j JolSysbods e (gLl
A5 odmline edllaglS WY dlely 13 JoUse (459 b les FA Dlawd .8 )5 Cyguo Yl (gl (¢) jelpas g (V)
b yiig & bgape SleMbl g (S Gledblal 3 P17 9 P2 cumon )5 iy b oliss oy 9 032205 (Y JS3)



v ST 9 S ) [ | Joladas: 30 3o (o juS (slo iy 31 (595N (U Syl (g jy — (~ode)

3L P e (5 ks ) olods 1L a5 b yd 039 P15 Camon polaid! 50 9 ¥F (classih .ol oas 03,9] ¥ Jgd> 5
O ¢ VY slanil il 0> P12 cumon 3 FY o)lad Ll 9 P7 Cumon 3 O+ ojled 8L PL Coumas )3 YO o)l
5l et Cumes don 10 Y ojladd Wb (il 5959 P7 il 1 lacumas don 13 5 o)leds 1L .09 P19 Cores aolais!]
03 LY 938 oyleds slasl N-Y/Y KDa 5 4/0 JoSgo 55 LY 9 & o)l slassh .55 saalin P12 4 P2
aslllaodyg0 (slacusen ST )0 VOIA KDa § 03/Y JsJse 455 LEY 5 VY o)les (slasil o YAIY 4 VY/Y KDa  JsSUse

Wdgy S ydie

Pl P2 P3 P4 PS5 P6 P7 P8 P9 PIOPIL PI2 PI3 P14 P Plo PI7 PIS plo M

kDa

2 ! e ‘ - 14.4 kDa
SDS-PAGE .l 5,81 J; 59, »» Papver bractateum (clacoses b cufigyn gl j saslml oub oY SIS0

ol sallgo 4 329 ghad g3 43 20 (S § 4l

NTSYS Ver 2.02 58lp 5 dlusgts sl dsliicn p> olol s dllasd g0 (slocumes (glisS g, (Suij oo
Caled oy g2yt /A B ¥ 51 )y )50 (SlaCuman (i (K55 i olie sl 3 035 sl
5| s P74 P15 e 53 (e dlools s iy 5 oanliie P10 4 P4 LP5 P18 4 P16 L P14 (clacues
O cald @lis jasls (elel p (1 Jgio) 45 0dd glyesym (Sliwg) (LS 5 0absde (sliwg) 5yl adlate 9
(GS<IY) canleds 5508 g (GS=+/A—+ 1) Lanssio canluss o GS=+/A—+/2) dpus L (GS=1) dpasMalS’ 4y gDy 3
(Verma et al., 2015) Lo o pamds



’f’FiﬂjJ E)M 4WA “j al@(g ;)jJ ‘d//'{/‘.f;[?““[!/‘}k 4.!)-«:‘.1‘ Y'Yy

Sl pibis ;3 esdbosalive (slasil (JoUge (59 g (o S0 ol Y Jgu

»b e S5 (KDa) JeNge o5 +b e S5 (kD) JeNge g
\ ofeed WYY Yo RN Yol
Y ofee¥ WY/ \rg 105 Yo/o
Y ofe¥- ARV Yv RN Y¥/A
¥ <[+¥A WY/A YA -lavy Y¥/Y
A -[Y¥ AR/ T - /oAy Y/
5 «[+AY VoYY ¥ <I5Y0 YV
\ DARE a3/ g AR Ya/A
A BYARIN av/y ¥y <IS¥A ya/y
a <\YY a¥/y ¥y 1500 YAV
Ve AN ay/A ¥¥ <IY¥y Y¥/Y
AR <¥Y Q- /¥ ¥ <IYYA yY/A
VY oY MY \rg <IY¥Y YY/5
W RIAVZN Ad/o v 1Yy AA7AY
VY RANZY INZA) YA 1YV yy/-
VO «Hay A+IA ¥ <IYAS YV/¥
\F DAY YAIY o- <IAVY Ye/y
\\% <IyYY \ATAl A <[AYD \a/s
A <IY00 vy oy <IAYY /Y
AR\ <ISYA £EIA oy N \a/-
v <IYAD F0/A o¥ 1A /¥
Y DA Y10 b <IN \YIA
Yy /¥y £YIY oF <[AV¥ V5
Yy ANte Fele NG <IAD WIY
vy <Y INVAY OA «IAY \TZAN
Yo RAR" av/o JAR\ ATy Vel
\tg <IN av/o 5o RANT \#IN
v RARN VA £\ </[aYY AIZN
YA I¥eY a+/8 4 «[AYA oy
¥4 <[¥\Y ¥a/o Y <[a¥0 0/
Y- NARYN FAIA ¥ <[An¥ VFIV
AR < [FAY ¥Y/Y 0 AVl A
Yy AN FV/A 55 FANS VIV
YY <[¥ay ARYAN Y <[avy ¥/
¥ RN \rdld A RAYN \WYIE

Oxizzen P18 (P16 L P14 (slacunes jlyd 5 lawgio adlllass jge (glacurer ST calid (59d (slbpmads ololy

UPGMA _g)a NTSYS pC 2.02 ,l3le 1 Sloslituslly (glidgs 4556 5 (s Aosannd dunds i 09,5 15 &5 P10 4 P4 |
Glacuren uh S om0 05,5 gus ) addllasdjge (slacures 3855 (pl 10 (¥ JSKS) i plool sl 4lddco s o
anan g pgd 05,5 3 P14 5 P13 P18 P16 (clocunes sl 05,5 , P10 5 P9 P8 P6 P5 (PAP3 P2 P1
g5 45 P19 Comas 45 Jo )3 941 P17 4 P15 elacumas ol pyla 09,5 Lol 13,5 1,5 pous 09,5 3 P11, P12, P7

S e glaw F JSB 5 ¥ Jgdx ada gl (85 )5 allan 05,5 S 3 g J S Glieas P somniferum 435S
D91 <155 g NIVE &565 oyl 3 el asli g e ST sl o Jlsj> us samlive +/VY P.bracteatumassS p> b



Yyy

ST 9 S ) [ | Joladas: 30 3o (o juS (slo iy 31 (595N (U Syl (g jy — (~ode)

LL YY P, somniferum > a5 Jls > 39 565 o] (o sue ¥5 45 wi osalie 1L £0 P.bracteatum 5 )
Do wolaid! Ll ol 51 6L Y Lo 48 05 saalin

st

s

5
E)
7
E5
2
5%
3
[
3
31
2
a7
B4
as
L
3

L O e P
GRS

— L,
LT

ra

-l

TV O]t — =L P L

o

QEET

0333

i

T gl

UPGMA 3,55 5 > arlisicy yo 5l odlitully dilaio o 5,31 (cla iy 5l uols diged VA (sladigs l3g0s W& JSd

Component 2

-3.00

=

oy

eF1G
apl4
-7 aP18
apl2
n Ll ]
-2.25 1.50
oPd

Component 1

T T 1
2.25 3.00

mies b y> Jolaie claailye & a5 ) (bl alge dw BLLI )3 53l e oges .0 JSkd



030 P T
po 4
p8
po
014 — fis]
p3
pld
pl7
Dim-2 -0.01 —
pl3|
pll
pl2
—al’Jp? pl8
pl9
1 pl3
pl4
033 T T T T T T T T T T T T T T |plﬁ T T T
040 020 0.01 021 041
Dim-1
Jol ol e 93 (sl by (K55 cales ool laiseo Hges . S0
80 0.300
I No. Bands
g - 0200 ?\* mmm= No. Bands Freq. >= 5%
_§ 40 “’i 0. Bands Freq. >= 5%
20 - 0.100 "y @ No. Private Bands
0 - 0.000 No. LComm Bands (<=25%)
pop 1 pop 2 mmmm No. LComm Bands (<=50%)
Cume> —— Mean He
adlandyge sacunes o b oS VIS
Slnl s 3 (S5 95 oyl Y Jgaa
l”bb‘s 3L 34 [PREXH O [F-XH IR
NKeY . 3 39 yN _ s LWL Doy KYTRIREY)
Camn slam OF gy O OB e bl sl ¢
M . agle SRS 590 0,30 < Jlgl y8 welaisl
rPr
P.bracteatum A V2N VYE NAvsd +IYYS < IYYY S0 S0 Y&

&

-
Kutka lewss (P. somniferum) i olS jo (saxigd 5999 xSl (gl opaig p gl ol calisrs (sla ybg) duglds )

adllas pl ol b oS Cusl (pgy glyscinl Jbg)y o Sl b hgy a8 W3 )5 jasuie (V< VY) Hlozakova et al.,
oty b ol oS a8 o s (Y JSS) (5l SS) il slagyy dlie Gzmen )b Slesea
b bl cul g 5 (gn sl (b3 dose cage () onl g Wil VL g9y G250 sl o slegs
S e Bb jauis Lol w0 L 1) (SiB5 £ glds (gl (5o bl o gunod (V+)A) Siavoshi et al. adllas
Sl o iz slacwie) o Syuie Bb picxes (Sinha et al, 2012) 5,188 o Gile & 1) (Sj col 3
Sl g sl 5l S w515 ) ©olés cunlie (Azeez et al., 2013) wib bl wlie LolSS slite odims jlis
P. 55 e o P19 Coman a8 S )13 w0 55; ool JsS0ge (339 9 g o J 3lass o el ]



Yo ST 5 351 [ ] Jolaiss 40 5o (Glo g (slo 3’y 31 (595N (S j il (g fy — (~ode)

ae cpl oS opl Pedglite was gl &S Ll sdbdied ABls 09,8 S jd g S8 lgieas sOMNiferum
095 > bl 1 yies Bl o e slodisS S5 3 (liowign S (] bl 01035 9 392 S hee HB
Como 5| ol oS canl Kinlon slados a5 L (5 90 JS3) Lol claadse 4 jo5 3UT zols 0 oanlie pod o sl
Al gt ol Gl eaaiSed (oo Sl oddisyglaen (slaydy oS Wb s yguad i il )3 015 (gaineg)S
s 1y 55l a8 bcumes ol 0 oldlyie (Sod5 a5 b Ui wdelcawday plSg ) Ll
55 19,0 55 S (uSe 5 il (lo TS 5 dtlale Sl enbisyglaen slacumer (B )
Syl Blarer 9,0 3L 45 (iS55 sladiss > YU S5 by 4 a9l & cwl P. bracteatum 4,5 ;5 YU
(Talei etal., 2021) cuwl b
sl 32l gl (51095 5 lacumer i pldl i dilaie (5 45 30 o odalie (oS 0l S sl
il barpe > Jle 4 wlgh o oS (gloasay
2 S5 ot G ooy b Bl dilie lilie 3blis 3 Cumer o ol e ol )
135 bl gl Ll 59 (slaglSe 4 (glabsg yo 4 coloj 338 b Lnyls ST 03l Jlsen (ol 3bl
[(Eriksson et al., 1993; Gole et al., 2008;.Li et al., 2014) Lo o Jaiio ccumslio )l yaiwl 4
ol ouiS Ty maiye by SliwdgS gble ) Bies &S ol olidles )53 alS 45 S P.bracteatum «,5 .Y
cleas o 4 S5 alold b (o g on )92 dbold b rdisS Cumar (sjlulie Lite Bl o0 poudga ol and
2 e 655 ,bicos lodiue Wlg3 e Pobracteatum cululy s bl he 3 55 ol Cudsioe
Miller ) 5,3 )15 o] oLidles 5,55 cunlo dawlgds Sawgu g Juwe (slaygu5 Jro 055 (slaLidlos )5 Cunon
(et al., 2005; Tetany et al., 2010
55099958 (oS0 amd oo (iales madyga Sy o)l 45 9 039 Jituwe (Jawme Lalyd I (aSgpn Solss Y
odlizal pB)l lolid 10T g £55 b5l 3 lerbon SOl o plgieds hmeluibye oot Jly (g
.(Bompalli and Nallabilli, 2013) >4 .
Jolos g b8l mje b (bl od (loydd slapSyn o5 o (i Gl Glals )5 oad plonl Clalllae
s Gl satadil ) olsisa Solis ol el g Uy ISl il ol o s olis Sujlss]
@55 arend el Wl oyl pBgp S5 LS o)l pyg59! (Jafari et al., 2013) cul YU (K55 95 b o lbcunes
.(Decker et al., 2000) >4 2LS caliseo sladisS po (slamslio Juloo o
oS ptiz 5> S e oldlyie Lide b alapusdlip5 45 003, polas tin )3 ibid (S5 £95 yp
cunly sin Lado b (3t (slaeudlp)j (S5 €95 0 il @i S O Jlolis & BA5 giF Oglite
) elcumes & 0D Lasie glis dilise cbdisS Sui) g5 sy » owzen (Singh et al., 2003, 2004)
0392 (2ldlyr S|y 5 (e g9 sradlie (Stupas oiadlis a5 )5 )18 Cilisee (glaog)S 5> jglxe (3blie
Ercunes (455 g9 adllas (Afkar & Zand, 2020) 5,55 3g35 aldlin £95 5 (Su55 £95 Ot (sadido dlai, 5
oS 4y oo (i diaio 5 lncmar o (ilate bl S o (eSighy 559895550 (5550 Sloditally (JS oo
P. bracteatum 4P. SomNiferum &5 45 ,ds iy g bl oo pils 3uios gl p (il a5 (Mirjalili, 2016) 54,
& Cans B pSgp e 5 g5 (@b laydy 5 a5 bl § Bad SSE asuie O )ysods 9 Sl g6 Sloslizully
A 5 el ol |y JKoas (3buis 3 5k dlopdd sl s SDS-PAGE (o)l wusl jeal o5y

1. Sdvia officinalis



1FeFipg0 & lads i g ololy 6590 oyl ) (ALLD pgle 4y piid Yys

w9 SO Nlgie )h oy Sgn Sy & 2l (Ui o) Sen g VErma adllas s (lis lagadbp)] 53 (0
Cawl gt 355 opl zls b &S (Verma et al., 2015) wisb P. somniferum isbuis slapwdMipeys ololis gy

P. &5 (5535 (o8] adllas g (£3:0l S5y 39y )ds g gl sl ogllas (B9, s 5> (5155 (iuasss &S
WN,8 5148 i cuses ol o..\i.\j Oladsd §3 29 oo Mgty 14 0390 (6 5V 25,8 x> b (gloguss

S5 A

Obis ) bt o poglae YO (2 eheild p pologS (65001055 gy 9 8 ybay B gl sl g e ol |
paTuhe g Cubld D9z g (S ol ses o (Sl I Cumen byl oal by (sliwgy Cuxen 93 o dlold (p i 50D
S 2900 §pS Rt e Ol (Mg )N 292 Ll £95 g (SWBT £SO patuile dall, & W3S
s 1) 665 ol lisee (clacumen ololid 5 (gilolia QUlg5 ol (595 599995l 55l



Yyy ST 5 351 [ ] Jolaiss 40 5o (Glo g (slo 3’y 31 (595N (S j il (g fy — (~ode)

REFERENCES

Afkar, S. & Zand, R. (2020). Genetic relationships of some mint species using seed storage protein
pattern. J Genet Resour, 6(1): 12-19.

Anonymous. (2019). EFSA, EFSA, Opium alkaloids in poppy seeds.
https://www.efsa.europa.eu/en/press/news/180516.

Anonymous. (2020). United Nations, Office on Drugs and Crime,
https://www.unodc.org/unodc/en/data-and-analysis/bulletin/bulletin_1953-01-01 3 page005.html.
Ashrafi, R.; Najaphy; A.; Shaban, M. & Fathi, M. (2012). Evaluation of diversity seed storage
proteins and some morphological traits in various species of Papaver. IJIMAPR, 28(3): 385-398.

https://doi.org/10.22092/ijmapr.2012.2941 [In Persian]

Azeez, M. A.; Aremu, C. O. & Olaniyan, O.0. (2013). Assessment of genetic variation in accessions
of Sesame (Sesamum indicum) and its crosses by seed protein electrophoresis. Journal of
Agroalimentary Processes and Technologies, 19(4): 383 -391. https://doi.org/10.1108/JAAPT-06-
2013-003

Bollag, A. & Edelstein, M. (1991). A rapid and sensitive method for the quantitation of microgram
guantities of protein utilizing the principle of protein-dye binding. Anal Biochem, 72: 248-254.

Bompalli, L.K. & Nallabilli, L. (2013). Genetic diversity of Ocimum species through biochemical
technique and UPGMA cluster analysis. Int J Pharm, 5(4): 155-1509.

Bradford, M.M. (1976). A rapid and sensitive method for the quantitation of microgram quantities
of protein utilizing the principle of protein dye-binding. Analytical Biochemistry, 38: 248-252.
https://doi.org/10.1016/0003-2697(76)90527-3

Decker, G.; Wanner, G.; Zenk, M.H. & Lottspeich, F. (2000). Characterization of proteins in latex
of opium poppy (Pappaver somniferum) using two-dimensional gel electrophoresis and
microsequencing. Electrophoresis, 21: 3500-3516. https://doi.org/10.1002/1522-
2683(20001001)21:16<3500::AlD-ELPS3500>3.0.CO;2-R

Eriksson, G., Namkoong, G., Roberds, J.H. (1993). Dynamic gene conservation for uncertain futures.
For Ecol Manage. 62, 15-37. https://doi.org/10.1016/0378-1127(93)90039-W

Faroog, S. & Azam, F. (2002). Molecular markers in plant Breeding-l: Concepts and
characterization. Pak J Biol Sci, 5(10):1135-1140. https://doi.org/10.3923/pjbs.2002.1135.1140

Garima, M.; Chittora, K. & Tiwari. (2013). Assessment of genetic diversity based on polypeptide
banding pattern among different isolates of Aspergillus flavus using SDS-PAGE. International
Journal of Bioassays, 2(07): 1034-1036.

Gole, T.W.; Borsch, T.; Denich, M. & Teketay, D. (2008). Floristic composition and environmental
factors characterizing coffee forests in southwest Ethiopia. For Ecol Manage, 255: 2138-2150.
https://doi.org/10.1016/j.foreco.2007.12.028

Hadipour, M.; Kamal Kazemitabar, S.; Yaghini, H. & Dayani, S. (2020). Genetic diversity and
species differentiation of medicinal plant Persian poppy (Papaver bracteatum) using AFLP and
ISSR. Ecological Genetics and Genomics, 16: 1-9. https://doi.org/10.1016/j.egg.2020.100062

Hurkman, W.J. & Tanaka, C.K. (1986). Solubilization of plant membrane proteins for analysis by
two-dimensional gel electrophoresis. Plant Physiol, 81: 802-806.
https://doi.org/10.1104/pp.81.3.802

Isaacson, T.; Damasceno, C.M.; Saravanan, R.S.; He, Y.; Catala,” C.; Saladie,” M. & Rose, J.K.C.
(2006). Sample extraction techniques for enhanced proteomic analysis of plant tissues. Nat
Protoc. 1: 769-74. https://doi.org/10.1038/nprot.2006.102

Jafari, A.A.; Salehi Shanjani, P.; Kouhi, L. & Bakhshi Khaneki, Gh.R. (2013). Genetic diversity and
geographic relationship among 11 Dactylis glomerata populations using total protein
electrophoresis. Cell Mol Res, 36(3): 278-288.

Kalia, R.K.; Rai, M.K.; Kalia, S.; Singh, R. & Dhawan, A.K. (2011). Microsatellite markers: an
overview of the recent progress in plants. Euphytica, 177: 309-334.
https://doi.org/10.1007/s10681-010-0286-9

Kutka Hlozakova, T.; Gregova, E.; Slikova, S. & Galova, Z. (2014). Protein extraction of poppy
(Papaver somniferum) for proteomic 2-DE analysis. 1* International Interdisciplinary Meeting



https://www.efsa.europa.eu/en/press/news/180516
https://www.unodc.org/unodc/en/data-and-analysis/bulletin/bulletin_1953-01-01_3_page005.html
https://doi.org/10.22092/ijmapr.2012.2941
https://doi.org/10.1108/JAAPT-06-2013-003
https://doi.org/10.1108/JAAPT-06-2013-003
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1002/1522-2683(20001001)21:16%3c3500::AID-ELPS3500%3e3.0.CO;2-R
https://doi.org/10.1002/1522-2683(20001001)21:16%3c3500::AID-ELPS3500%3e3.0.CO;2-R
https://doi.org/10.1016/0378-1127(93)90039-W
https://doi.org/10.3923/pjbs.2002.1135.1140
https://doi.org/10.1016/j.foreco.2007.12.028
https://doi.org/10.1016/j.egg.2020.100062
https://doi.org/10.1104/pp.81.3.802
https://doi.org/10.1038/nprot.2006.102
https://doi.org/10.1007/s10681-010-0286-9

’f’FiﬂjJ E)M 4WA “j al_z.(g ;)jJ ‘d//'{/‘.f;[?““[!/‘}k 4.!)-«:.; YYA

on Bioanalysis, 228-231. Brno, Czech Republic.

Labanca, F.; Ovesna, J. & Milella, L. (2018). Papaver somniferum L. taxonomy, uses and new
insight in poppy alkaloid pathways. Phytochemistry Reviews, 17: 853-871.
https://doi.org/10.1007/s11101-018-9563-3

Lee, K.L.; Buckley, H.R. & Camobell, C.C. (1975). An amino acid liquid synthetic medium for
development of mycelia and yeast forms of Candida albicans. Sabouraudia, 13(2): 148-53.
https://doi.org/10.1080/00362177585190271

Li, T.; Liu, J.; Xie, Y.; Wang, Q. & Meng, F. (2014). Analysis of genetic diversity in Prunus mira
Koehne ex Sargent populations using AFLP markers. Plant Systemat Evol. 300: 475-482.
https://doi.org/10.1007/s00606-013-0906-5

Meyfour, A. & Rezaie Tavirani, M. (2002). Comparison of three staining methods, Coomassie blue
R250, colloidal Coomassie blue and blue silver for detecting mouse brain proteins separated by
two-dimensional electrophoresis. Ilam University of Medical Sciences, 22(3): 46-51.

Miller, J.; Henning, L.; Heazlewood, V.; Larkin, P.J.; Chitty, J.; Allen, R.; Brown, P.H.; Gerlach, W.
& Fist, A. (2005). Pollination biology of oilseed poppy, Papaver somniferum L. Crop Pasture
Sci, 56: 483-490. https://doi.org/10.1071/AR04242

Mirjalili, S.A. (2016). Assessment of genetic diversity among some accessions of sage (salvia
officinalis) using electrophoresis of seed storage proteins. Iran J Plant Biol, 8(28): 79-107.
https://doi.org/10.22034/ijpb.2016.132350

Mohseni, Z.; Bernousi, I.; Mandoulakani, B.A. & Darvishzadeh, R. (2015). Genetic diversity in
Papaver bracteatum and Papaver somniferum populations revealed by ISSR markers. Bulg J
Agric Sci, 21(3): 485-493. https://doi.org/10.15550/ASJ.2015.42.485493

Nematolahi, A.; Raouf Fard, F.; Saharkhiz, M.J.; Khosravi, A.R.; Kavoosi, Gh.; Naddaf, F. &
Karami, A. (2024). Morphological and phytochemical diversities among Persian poppy
(Papaver bracteatum) population in Iran. Industrial Crops and Producta, 210: 1-14.
https://doi.org/10.1016/j.indcrop.2023.117678

Omonhinmin, C.A. & Ogunbodede, O. (2013). Genetic diversity, taxonomy and legumes
implications of seed storage protein profiling in Fabaceae. African Journal of Biotechnology,
12(17): 2157-2163. https://doi.org/10.5897/AJB2013.13142

Qaderi, A.; Omidi, M.; Pour-Aboughadareh, A.; Poczai, P.; Shaghaghi, J.; Mehrafarin, A.; Nohooji,
M. G. & Etminan, A. (2019). Molecular diversity and phytochemical variability in the Iranian
poppy (Papaver bracteatum Lindl.): A baseline for conservation and utilization in future
breeding  programmers.  Industrial Crops and  Products, 130: 237-247.
https://doi.org/10.1016/j.indcrop.2019.04.010

Qaderi, A.; Qavami, N.; Gezelbash, S. & Zarrinpanjeh, N. (2021). Enhanced production of Thebaine
in cell suspension cultures of Papaver bracteatum by overexpression of SalAT gene. Journal
of Medicinal Plants and By-products, 1:69-75. https://doi.org/10.22092/JMPB.2021.353523.1138

Ranjan, S.; Matcha, R.; Madhuri, B. & Babu, N. (2012). Comparative evaluation of protein extraction
methods from few leguminous seeds. Int J Adv Biotechnol Res, 3(2): 558-563.

Rostampour, S.; Sohi, H. & Dehestani, A. (2010). In vitro regeneration of Persian poppy (Papaver
bracteatum). Biologia, 65: 647—652. https://doi.org/10.2478/s11756-010-0075-7

Rostampour, S.; Sohi, H.H.; Jourabchi, E. & Ansari, E. (2009). Influence of Agrobacterium
rhizogenes on induction of hairy roots and benzylisoquinoline alkaloids production in Persian
poppy (Papaver bracteatum Lindl.): preliminary report. World J Microbiol Biotechnol, 25:
1807-1814. https://doi.org/10.1007/s11274-009-0117-4

Salgotra, R.K. & Chauhan, B.S. (2023) Genetic diversity, conservation and utilization of plant
genetic resources. Genes, 14(174): 1-20. https://doi.org/10.3390/genes14010174

Schultz, J. & Mosbach, K. (1971). Studies on lichen enzymes. Purification and properties of an
orsellinate depside hydrolase obtained from Lasallia pustlata. Eur J Biochem, 22: 153-7.
https://doi.org/10.1042/ejb00220153

Seyedi, N.; Jalali, S.G.A.; Moghaddam, M.; Tabari, M. & Mohammadi, S.A. (2010). Application of
seed storage protein in intra-specific variation in three populations of Pistacia Atlantica.



https://doi.org/10.1007/s11101-018-9563-3
https://doi.org/10.1080/00362177585190271
https://doi.org/10.1007/s00606-013-0906-5
https://doi.org/10.1071/AR04242
https://doi.org/10.22034/ijpb.2016.132350
https://doi.org/10.15550/ASJ.2015.42.485493
https://doi.org/10.1016/j.indcrop.2023.117678
https://doi.org/10.5897/AJB2013.13142
https://doi.org/10.1016/j.indcrop.2019.04.010
https://doi.org/10.22092/JMPB.2021.353523.1138
https://doi.org/10.2478/s11756-010-0075-7
https://doi.org/10.1007/s11274-009-0117-4
https://doi.org/10.3390/genes14010174
https://doi.org/10.1042/ejb00220153

Yya ST 5 351 [ ] Jolaiss 40 5o (Glo g (slo 3’y 31 (595N (S j il (g fy — (~ode)

Journal of Plant Biology, 2(6): 1-14.

Shanker Acharya, H. & Sharma, V. (2009). Molecular characterization of Opium Poppy (Papaver
somniferum) germplasm. American Journal of Infectious Diseases, 5(2): 148-153.
https://doi.org/10.3923/ajid.2009.148.153

Siavoshi, Y.; Bahreini Behzadi, M.R. & Behjatian Esfahani, M. (2018). Isolation, characterization
and evaluation of protein changes in the milk glands of honey bee at different ages using sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Journal of Animal research,
30(4): 428-435. https://doi.org/10.22092/jsr.2018.107169.1205 [In Persian]

Singh, S.P.; Shukla, S. & Yadav, H.K. (2004): Multivariate analysis in relation to breeding system
in  opium  poppy (Papaver somniferum L.). Genetika, 36: 111-120.
https://doi.org/10.2298/GENSB0402111S

Singh, S.P.; Shukla, S.; Yadav, H.K. & Chatterjee, A. (2003): Multivariate and canonical analyses
in opium poppy (Papaver somniferum L.). Journal of Medicinal and Aromatic Plant Sciences,
25: 380-384.

Sinha, K.N.; Singh, M. & Kumar, C. (2012). Electrophoretic study of seed storage protein in five
species of Bauhinia. Journal of Pharmceutical and Biological Sciences, 4(2): 8 -11.

Talei, D.; Khayam Nekouei, M. & Kadkhodaei, S. (2021). Assessment of the genetic diversity among
Nain-e Havandi medicinal plants accessions based on protein and SRAP markers. Modares |
Biotech,13(3): 14- 29.

Tetany, P. (2010). Opium poppy (Papaver somniferum): botany and horticulture, in: J. Janick (Ed.),
Horticultural Reviews, John Wiley & Sons, Inc., Oxford, UK: 373-408.

Verma, N.; Shukla, S.; Yadav, K.; Mishra, B.K. & Rastogi, A. (2015). Biochemical characterization
based on SDS-PAGE analysis and correlation among traits in opium poppy (Papaver
somniferum L.) germplasm. Genetika, 47(3): 1029 -1050.



https://doi.org/10.3923/ajid.2009.148.153
https://doi.org/10.22092/jsr.2018.107169.1205
https://doi.org/10.2298/GENSB0402111S

