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Abstract

Background and obijectives: Milk thistle (Silybum marianum) is an annual or biennial
herbaceous plant belonging to the Asteraceae family. The key bioactive compounds of this
medicinal plant are flavonoids, which are primarily stored in the fruit (seed) and appear yellow.
Among them, silymarin exhibits potent anti-inflammatory properties and plays a role in cancer
prevention by affecting the vascular structure of prostate, breast, ovarian, liver, and leukemia
cancer tissues. Biotechnological approaches, particularly tissue and cell culture techniques,
serve as valuable complementary methods for the commercial production of plant-derived
compounds. This study aimed to determine the optimal method for producing sterile S.
marianum seedlings and to evaluate the effects of genotype, explant type, and growth regulators
on callus induction, growth, and embryogenic callus formation.
Methodology: In this study, five genotypes (Hungary, Borazjan, Fereydon Kenar, Jolgeh
Khalaj, and Moghan) were evaluated using three different seed disinfection methods in a
factorial experiment based on a completely randomized design (CRD) with three replications.
Seed germination and sterile seedling production were conducted in water and agar culture
media without growth regulators, under dark conditions at 25°C. Subsequently, an experiment
was performed using two genotypes (Hungary and Borazjan), cotyledon and hypocotyl
explants, Murashige and Skoog (MS) medium, and growth regulators 2,4-D (1, 2.5, and 5 mg/L)
and BAP (0.25 and 0.5 mg/L) in a factorial experiment based on completely random design
under dark conditions. After 30 days, the induced callus was transferred to MS medium with
half the initial hormone concentrations. Callus diameter was assessed using the Hochrony Berz
method, while callus fresh weight, the number of embryogenic calluses, and the number of
somatic embryos per callus in cotyledon explants were measured 30 days post-culture. Calluses
were freeze-dried, and their dry weight was also recorded.
Results: The optimal method for producing sterile S. marianum seedlings involved treatment
with Tween-20 solution, 70% ethanol, hydrogen peroxide, and sterile distilled water, followed
by cultivation in water and agar medium without growth regulators. Analysis of variance for
callus diameter, fresh weight, and dry weight indicated that the best conditions for callus
induction were the Borazjan genotype, cotyledon explant, 1 mg/L 2,4-D and 0.5 mg/L BAP.
Embryogenic callus formation occurred exclusively in cotyledon explants. Variance analysis of
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embryogenic callus production and the number of somatic embryos per callus revealed that
optimal conditions for embryogenic callus formation were achieved using the Hungarian
genotype with 5 mg/L 2,4-D and 0.25 mg/L BAP.

Conclusion: Based on the results, the most effective disinfectants for S. marianum seeds were
Tween-20 solution, 70% ethanol, hydrogen peroxide, and sterile distilled water. For optimal
callus production, cotyledon explants and low concentrations of auxin, such as 2,4-D, were
preferable. In embryogenic callus formation, improved cultivars like Hungary outperformed
native genotypes. Additionally, cotyledon explants were more suitable than hypocotyl explants,
and high concentrations of auxin (2,4-D) combined with low concentrations of cytokinin (BAP)
provided the best results.
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r Sbger ol clbs \YY

Silybum ) Jts sto obs 4 9 o gmd (Sl gt il oud s wall 50  Silogw (215w b
Sldiad 09 Wl 4 Hd (Marianum

e

R B
ST A I VS T G T PR U O 5 ele s soosles izl 5 Dlidios S e b el Sl idu (o225 slobied (st st 5 - VF

farid.nm@areeo.ac.ir : Ky SN uns ol 2l G ($305WS o5
A\AEAS _,L»ij,\ic)\.' \V~V*:&\4¢C)\.a\'c«)\3 \\‘~\’>b);'-:g;.é\i);é)\3

ouS
Asteraceag s ,s 4 slxwe Silybum marianum e r\; b oile 5 alless b Als @Lj Jla b g S e 5 aale
NS RO VPR PSS OH ) B URTCH e S RO RS W» ERCH NS o I PR PO K S B A PO
Oty (Dl G 3l e sl AL Slels ol s 4 ol ol s g5e sale casle e a8 s 05k
Gy ol & sk 5 CBL ctS s snsa el sl Gl Al Sty ol Sl e 5 AS Glass
JUstsle il GbamalS s s cn e A1 aos cal 51 Gan 5550 Jleday LS baes sl 3 6olw A s JaSe
2 Bose G IS ad g 5 eI a5 s, oSl 5 wsain w55 S o s
S i iy am b plhe 5 s Sl OUS 3 ol bl (S5 g Il i n) 53 1 5 3lse
23 el SaaalS A s bk 5l xad sl LS5 a5 ok S aly Ly Jusss b 6 s Lk
53 31 3lal b 2alo3T e 0 planil ol 8l a3 YO slas 5 (S0l Ll 53 5 ipmnsm s J8T 5 OF et las
2SS 05 Y/0N) 24D Sy bolas s MS ot b (J5 5850 5 4 S50, 0l 5 oliasle i)
s 8 2l ol Wl Ly oy b B s 5 Sl Bala s (ad s 2 S ke /0 5 +/Y0) BAP 4 ()
S35 o a8 I Slao as casly by sesen 000K UMS caiS Lo 55 55, ¥r ) e i a5 0 S
A Bpains 0 oI 2 s (Slege oot slaw 5 ostar sl I shuws (caaSly Slam 505 Y IS 5 05 G
A 6,803 8 b gad Sas 5 5 Sad s p s oEus Law g b e JS s o Seslul
5 858 Ol IV 5] tween-20 b plowe 5l eslinal JUgole il azalS A5 sy oo e s bl il
55 055 oS s Slio Luills 4 s s ossn 0ok DT 5 Of lase s cnS s bl ke OT | panes
0 524D b n e S de N d S, ol owss Sl eslinad S LU ag Ll e oS sl plas S Sas
Sl slan Slao wlly 425 ls as (S o iz, 5o BB ora SlaesllS on BAP 2l e Sl
My ang Ll oS b ol &) Wi 5l Jols S p s (Saloge Gl sl 5 bl asly a s Lews
25 BAP i e S Je /Y0 524D 2 e 8 e 0 bl o) Sl eslinad [t b IS
5 W58l QL V- sl dween-20 sl shoe JUsole Sdy Gsiead slpe ooyt sl Gty @l il oS e
$laoyrsn oml olie 5 ad wsmss 3l Sl e JUsle sl 51 i e S ad g ol Jped e O L s
i BB 4 i sl b 5l ead ol 2] Bsir sl IS s 5o a5 ealined 24D s ) ]
elis (BAP) (S st 50558 (ol polie 5 (24-D) (Sl slap 50 GV olie 5 J55S5m 4 Cod 4 4isai )
Al e

Syl (el glacs 50 ol e Sale s alioee (gadS sbools


mailto:farid.nm@areeo.ac.ir

\YY

2 sesr bl &\,;\ Jlsl sloas o3, B84
S SN QP S A T T IS P VIRV PR PP E S
Lesssl 3 a5 ol 5 b8 ady co e olgin o
.(Poorjabbar et al, 2006) sls 5 5 &b cov |,

bl S 6::\.5 cladde cus sl el
49U e ple Wy @l Slaloe b (S5505855
Kbl ) (S5 bbb Whasl e ool
S ol 53 oDl 0k 0 G U Cudgdo
EEPLENTRI C Sl sl cdaple S ads 3l
Ramawat ) 5,5 ) 3 nlo e o 48U b sl
.(& Merillon, 1999

My sbanls o8 s oW 3l (S
(Pl L ok csS des 4l b sk
ldsle o5 al) ang 50 &Sl Wy YL
LS, S ol dsame Sal Wy (2l
sdd Mg olse oo b opeas s QLal GlagnY
535 Db s cas b O ol Sl Ll sl
2 @\—3 sl S onl oo Je‘a.@ selS gl
Purohit, ) %,5 o 13 LsShsm w0 S50
(2004

S ol L 5L BL L e s K S
slarlsl 5 edl s sad slal laais Joue 5> Ypans
Sl S 5l S st sl asl Lo
505 aly s, wle (S olas sl oS Calise
LU Y YR PR W T =
Gl (Smn 8l ) 53 oSy i il LS
riman Azl 4l 55wy 6 Joke w8l Lo Sl
o Al Sela 0 S @l LD
A, (Wetherall, 1984) 555 o0 onps oS sl
S b 56 Sy Ao e ol e e ¥l LegllS
Ay pss A e 5 st e bl ek gl sk
o Ao 5l e Rl Bl gaela &0 IS
e sl wls oS e S e k)
2 el oS Al eyt Sy Pl gl Al
B R S T R e N

Voolet PV ale ol e s aols Gl Sliies sl

Ao o

Silypum ~ _Je rb @ @\3 Jhale | " B1==
wr o .ol Asteraceae o5 4 Gae Marianum
ﬁub\ oo S ] gdﬁ sl | dls, L;h\-f
4 Ry blol oo s s suiSe 5 e LS, b
2 Ay S s 5,8 e DB el o S, K
Jladids IS ¢-<5) Gasd sy il e Ll 5 S
0> 8o S spms pae 5 S b bla L
aile amd e e and A S, a4 Ko b
Uy p2m S8 4 S cx.ﬂdf 5wl Ll LS,
s ot K 4 LS s IS8 2 ead g350
F e Jam sl (415) o pme aisly e Ko s 50y
Omidbeaigi, ) cuwl s 5 slosg Liges ol K, 5 JSa
.(1998

ol pe b len slolae Gl a2 s mr o
e ol sl S oKaws 4 by e slaslen
(Silymarin) o b Jow 4 olS cpl o 50 ol as same
s 4 b e (Omidbeaigi, 1997) .l Gy jae
LV T Py X W PR VA 12 (E WL
OB 5l e 5 A8 e oy Ol
PP R L P T [ A I P -9
G el Sl il waas 5 obow as byl
(Katiyar et al, 1997) sxl .

5 b cuS ) enah e s sty
slees,sl 3 ols Wy s JeSe s olse 4 Joke
Wlg e Jole CitS Glaptan g0 Dleday S
Myosly @\-5 slad sl i) olde 5y caS gl
Lyl 5 gblS el wes sali 450 glacd sl

s e Jeloe 1 oo
5 8 J‘J\J P laes,sl b ads ol s &4
2l s pomilisn caS 5 B s i, Gl
Cows ol b 28 ol cuS Gl JS

oo a)l i LS S esliad Lyl s 5 e

e byl Gole 1w lazeags)s

s by L (S

P sbadplie i bl o 00 S e 5 Ay Ll



o Sila g pliemin Cubls

dopn Ve Jeblpanas LY 5 aids 0=V sl b
200 V0 e o MS s pdnad HL Y 5 aids V-V
Setlyge Jame 53 S e LY 5 4By VO Y-
.(Murashige & Skoog, 1962) & ;.| 5

5 Lok pols Sl el YE sl 93 LAe
S Doy perblie oren b i O gy O b
S SRS CJ’] O oy om Ol Gl cele
his O b ganas 5L Y 5 aids 0 Jbs ) S S
ol b st 5L Y 5 aads YoF e V0 w3S) Ol
5 4i33 Ve=N\0 e Y/0 i 2 NS oo J e oiis
o ok caS (ol i OF L sames LY
5 Bl B ggme s o el glaces b s
iy oS 5 So8lex 3l am b,k Il ‘JJJM\JL“ s,j
Pl ol 052 o5 3T Al e he MS S Lo &,
A

Sl VCC Lo o ks ¥) tween-20 ol pse B,
ool i Ol L paaes 5l aw 5 aids \O-Y - (i
e OF b gt 5L Y 5 488 V=Y aops Ve 5Ll
QS sen b ids Y0 e VO WS O
Shie Ol L s JLF 5 ai8s VN0 wols ¥ i
335 15 Jole adS LSBT 5 OF oo 5 cotS oy
ol e

Lo Jul 5 Jopl sloazelS 5l S, aw
oSS Wk 4 Jlag e, e ciS
oo 4 ol s ool Csl s slasd
Sl S 5 Gihler S b e sk
(ﬂjr;\Y))\fTJgin@W@)@)ﬁM
ax o YO oo 5 SoLb Lyl o s Jite sessm oo
5 Sohlex 3l w5 @A 555 V0 @i ol S sl
A e Hnmaa el Jlasl play, ale a4 s, WS
5ad e 90 35, V0 =Y sbazal) biad 0y
ALY IR TR ESPEN [y N R G g e
23 0l g oS Gl 4 5 el e Sl /0

o YUl .,\;,\,gjf Jie baal o o

WY

Eriksson, 2022) &5, s

S & Cod J b 5 S8l ctS e odas gLl 5
Sloasbe sl e3e Gl g @l JolS WS
s oea JaS bl o cov Nlg e dke o sl
Nyt s S lale s s s ol Sl ) i
il olen Jolss 5 Ole sz cusS bad e
WP AN Y W YK S PN P
s Jske asy IS ames ol Lols glacd sl
s 8l caS e 5 sl wg o wl ks
aal &L\S oMy iRl s el o J
(Vanisree, et al. 2004) .

sty elSlany,; ) eslinad Sl 4 s\
Shegsl olial oz 5 s el mlio S5l 5
@A L ) ol Sl L b 53 ol
YUY 31 EE PR PORW P BT B BTG O T P
Sy os,e @il e sl s Balsl b s,
W

9 0N S gy on e S (e ol 5l Gus
Bl bazalS Wy oy el oS Lo
slobs 5 wsins wwss Sl o o ol
Sl S s s w8 asy 5 W Sae e g

Lo sbg) 9 olge
bl 4zl 05 5 ol bl

SAENS Ba) e o n o)l ) S
oaler Slus b 5 cwss e Ol 5 Sl 54
550 sles] cpl ) gl g Sogl Jslas
Yoo obe s s S O amp ol olie e
SM\S T Y- (t C,J’ B s Ld Saasas i)
olasl A Yo Sl oy LSS e ol

..f\s.z\.ww)j

oM (S by,
el iy Jose sl FA pnl il i)



A4

D (LR o

I ciS Gblme S 5 5 goleesle] s,

bl MS a8 bms 5l paditie wne a0g )5kt 4
5 ol S S s Sk G s b slad o
Baker & Schrall, ) as 4@ \ Jod> b Lwly,
s 4 Y Jous plle s, 6\-5“4-15@153 (1977
al) o e e s Blolsas Gy m sl
b ayaed e PH o by 5 sl 1 S
Sl 55 D81 o8 A Sl as s O/A b O/ o
Sday 0dd S5 Jolos s 6lol lunsls 5 oIu&
Slad 5 ol S sl amys AN les o aids YooY
253 Jiel Bl 5o e s M1 sl V/0
A58 s S A Sl 4 A e YO Sl LY
Yorprsaads s on Y Sl i,
5 8 S K gai sy asks

Voolet PV ale ol e s aols Gl Sliies sl

0 5 Y/0 & slackle ayl W8 as, 5 Wl ce
2,4-Dichlorophenoxyacetic s, i p S e
e Sk /0 5 /Y0 sbckle ol a4 (2,4-D) acid
L. 5 (6-Benzylaminopurin) BAP ;e s )
Noz Labsl (Bl Kals) MS e
.(Murashige & Skoog, 1962 ; Cacho et al, 1999)
B35, ¥ L L p Kl aole il asly
0o b as cas Gt s b Dl s s s
Jols s ol S sl amss YO les 5 SLb Lol
M Sl dllS 5o, ¥ 5l e s 315w, Sl
50 Spssr olie Gia U MS ciS b 4 sas
24D ;i e S e YO 5NV/Y0 /0 slachkle) L
( BAP ) i p 8 e +/Y0 5 /NY0 bkl
2 dosSB b weslial 55 bl Cob was el
che 93 03 oSl pSh P el el DS 4L
s &) CJ‘“ 93 3 A ol s pliel)
¥ s e 50 53 BAP 5 e ¥ 55 24D (5 S5
A7 Jela DS p s Llssr T oo Dl ) LIS

MS Lo 3 o_pd sl sl 6‘)’.‘_\ Jsds
Table 1. Stock solution components

Stock solution (macro salts) mgl? (1x)

KNog 1900

NH;No3 1650
MgSo,4.7H,0 370
CaCl,.2H,0 440

KH,Po, 170

Stock solution (micro salts)

HsBo3 6.2
MnSo,.4H,0 22.3
ZnSo0,4.7H,0 8.6

Kl 0.83
Na,Mo00,4.2H,0 0.25
CuS04.5H,0 0.025
CoCl,.6H,0 0.025
Iron stock solution
Na,. EDTA 37.3
FeSo,. 7TH,0O 27.8
Vitamin stock solution (1)
Nicotinic acid 0.5
Thiamine Hcl 0.1
Pyridoxine Hcl 0.5
Vitamin stock solution (2)
Glycine 2
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Table 2. Genotypes, explants, and growth regulators amounts used in callus culture media in Silybum marianum

Growth regulator

Treatment Genotype Explant 2,4-D (mg.I™) BAP (mgl™)
1 Hungary cotyledon 1 0.25
2 1 0.5
3 2.5 0.25
4 2.5 0.5
5 5 0.25
6 5 0.5
7 hypocotyl 1 0.25
8 1 0.5
9 2.5 0.25

10 2.5 0.5
11 5 0.25
12 5 0.5
13 Borazjan cotyledon 1 0.25
14 1 0.5
15 2.5 0.25
16 2.5 0.5
17 5 0.25
18 5 0.5
19 hypocotyl 1 0.25
20 1 0.5
21 25 0.25
22 25 0.5
23 5 0.25
24 5 0.5
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Table 3. ANOVA of seed disinfection method and genotype effects on germination percentage and non-
contamination of Silybum marianum seeds

M.S.
Germination non-contamination percentage
S.O.V. d.f. percentage

Disinfection method 2 7984.95" 4748.6™
genotype 1467.63" 3537.3"
Disinfection method x genotype 8 709.83"” 809.1™

error 30 4.616 8.866

C.V. (%) 10.76 3.32

**: significant at 1% probability level.
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Table 4. Means comparison of genotype effects on germination percentage and non-contamination of Silybum
marianum seeds

Genotype Germination non-contamination percentage
percentage
Hungary 35.33a 96.67 a
Borazjan 26.17b 96.33 a
Fereydon kenar 10.5d 62.33 ¢
Jolgeh khalaj 17.67c 79.33b
Moghan 2.83e 52.67 d

In each column, means with common letters are in the same statistical group at 5% probability level (Dancan test).
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Table 5. Means comparison of seed disinfection method effects on germination percentage and non-
contamination of Silybum marianum seeds

Disinfection method Germination non-contamination percentage
percentage
1 8.4b 67.8b
2 22c 98 a
3 449a 66.6 b

In each column, means with common letters are in the same statistical group at 5% probability level (Dancan test).



o Sl g gl cuhB

WA

DN S AS P o) JKT g b.—’T Lo jeeasad g Jas b J 2l dh‘%‘“‘; -V

Figure 1. Silybum marianum sterile seedlings produced in water and agar medium by the third method of seed
disinfection
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Figure 2. Silybum marianum seedling ready for preparation of hypocotyl and cotyledon explants
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Table 6. ANOVA of genotype, explant, and growth regulator effects on some Silybum marianum callus traits

M.S.
S.O.V. d.f. Callus diameter Callus Callus
fresh weight dry weight
genotype 1 1.935" 115.686" 11.374™
explant 1 12.164™ 1843.56™ 89.216™
genotype x explant 1 0.017 43.368™ 0.017
2,4-D 2 3.75" 291.247" 16.445™
2,4-D x genotype 2 0.62" 31.345™ 4.425™
2,4-D x explant 2 3.105™ 343.352™ 22.674"
2,4-D x explant x genotype 2 0.035 23.258™ 1.308"
BAP 1 0.111 0.419 1.046
BAP x genotype 1 0.503™ 79.931" 3.678™
BAP x explant 1 0.198™ 91.848™ 8.251"
BAP x explant x genotype 1 0.001 7.146 0.272
BAP x 2,4-D 2 0.426™ 203.028™ 13.843™
BAP x 2,4-D x genotype 2 0.03 5.089 1.597™
BAP 2,4-D x explant 2 0.343" 15.985™ 0.21
BAP x 2,4-D x explant x genotype 2 0.606™ 86.434"™ 4,002
error 48 0.039 4.357 0.416
C.V. (%) 5.08 9.22 8.7

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 7. Means comparison of 2,4-D effects on some Silybum marianum callus traits

2,4-D Callus diameter Callus fresh Callus dry Number of somatic embryos Number of calluses
(mgl™h) (mm) weight (mg) Weight (mg) in each callus embryonic
1 15.77 a 672.6a 51.5a 4.234b 1.625 b
2.5 14.11b 628.8 b 49.08 a 3.953 b 237 a
5 10.77 ¢ 3935¢ 33.65h 5.359 a 2.563a

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 8. The mean values of different callus traits obtained from the desired treatments in Silybum marianum.

treatment Callus Callus fresh Callus dry Number of somatic Number of calluses
number diameter (mm) weight (mg) Weight (mg) embryos in each callus embryonic
1 20.54 802.5 61.87 6.82 2
2 16.79 855 58.75 6.75 3
3 15.92 786.25 61.63 3.56 1.75
4 20.09 1069 85.68 9 4
5 10.08 361.75 30.11 14.94 4
6 7.5 226.5 20.7 2.88 2
7 10.72 339.25 30.11 0 0
8 11.07 426 30.72 0 0]
9 11.17 397.75 34.05 0 0
10 8.89 217.75 19.74 0 0]
11 10.75 516 38.72 0 0
12 7.22 144.75 13.28 0 0
13 19.22 729 24.92 2.75 1.25
14 24.04 1576.25 108.22 0.63 0.25
15 16.21 844.25 61.3 2.19 2
16 19.67 1036.25 70.64 1.06 1.75
17 14.17 682.5 50.34 231 2.25
18 11.29 383.25 30.35 1.31 2
19 12.8 301 31.01 0 0
20 10.94 351.75 36.44 0 0
21 10.39 326.25 28.1 0 0
22 10.56 352.75 31.49 0 0
23 11.93 448.25 54.33 0 0
24 13.22 385 31.38 0 0

I8 2 s (Sile s lpwin sl 5 owinr o J slaws i, saiS (b 5 i 555 ﬁU osbols 452 -4 Joos
Jz e ol s ki S & sei, 5l Jol>
Table 9. ANOVA of genotype and growth regulator effects on number of embryogenic calli and number of
somatic embryos in each callus obtained from cotyledon explant in Silybum marianum

M.S.
S.O.V. d.f. The number of somatic embryos in The number of calluses
each callus embryonic
genotype 1 378.283" 17.521"
2,4-D 2 8.859" 3.938”
2,4-D x genotype 2 6.755" 0.896"
BAP 1 39.876™ 0.021
BAP x genotype 1 1.98 2521
BAP x 2,4-D 2 77.068" 4.521"
BAP x 2,4-D x genotype 2 83.859™ 5.396"
error 36 2.234 0.104
C.V. (%) 32.18 14.95

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Figure 3. Calli containing somatic embryos obtained from cotyledon explant in MS containing 5 mg.I-1 2,4-D and
0.25 mg.I-1 BAP in Silybum marianum (Hungarian variety)
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Figure 4. Calli containing somatic embryos obtained from cotyledon explant in MS containing 1 mg.1-1 2,4-D
and 0.5 mg.l-1 BAP in Silybum marianum (Borazjan variety)
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Figure 5. Non-embryogenic calli obtained from hypocotyl explant in MS containing 1 mg.I-1 2,4-D and 0.5 mg.I-1
BAP in Silypbum marianum (Borazjan variety)
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Figure 6. Non-embryogenic calli obtained from hypocotyl explant in MS containing 5 mg.l-1 2,4-D and 0.25 mg.lI-
1 BAP in Silybum marianum (Hungarian variety)
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