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Abstract

Background and objective: St. John's Wort, known as Hypericum perforatum L., is a
valuable medicinal plant in the Hypericaceae family. Its most common use is for its
antidepressant properties. The active compounds hypericin and hyperforin in St. John's Wort
and their proven therapeutic effects have made this plant one of the most valuable medicinal
plants worldwide. Hypericin, a major plant metabolite, has antiviral and anticancer effects.
Hypericin belongs to the naphthodianthrones family and is light-sensitive. It mainly
accumulates in the dark-colored glands on the leaves and flowers of the plant, and its
concentration ranges from 0.3% to 3.0% in the leaves and 1% to 14% in the flower buds,
depending on the plant variety, height, light conditions, and season. Hyperforin is another
important compound of the phloroglucinols group found abundantly in St. John's Wort flowers,
especially in the stamens and the fruit. However, it is also present in large amounts in the leaves.
Hyperforin content of 6.9% in flower buds, 8.5% in unripe fruit, and 5.1% in leaves has been
reported. Unlike hypericin, hyperforin accumulates in transparent glands. Since hypericin and
hyperforin depend on environmental conditions, asexual reproduction is preferred over sexual
reproduction.

Methodology: In this study, 20 populations from 20 different regions of Iran were collected and
examined for micropropagation optimization. In addition to identifying the most suitable
medium for micropropagation of these populations, the morphological, physiological,
biochemical, and histological characteristics of them were also investigated. To prepare the
modified culture medium, % MS salts, FeEDDHA, B5 vitamins, and two g.I"* Glycine was used.
The MS basal medium was used as a control after adjusting the pH to 8.5 and adding
8.6 g.I"" Agar, the desired medium, was distributed into culture vessels and autoclaved at 121°C
and 2 bar pressure for 20 minutes. Seven explants containing 1-2 buds were placed in each
culture vessel. All cultures were incubated in a growth room with 8 hours of darkness and 16
hours of light at an intensity of 1500-2000 lux, a temperature of 25°C, and a relative humidity of
60-70% for four weeks. After the emergence of new shoots, data were collected on the number
of branches, length of branches, fresh weight, and dry weight. High-performance liquid
chromatography (HPLC) was used to measure the hypericin content in the leaves of the
plantlets.

Results: This study shows that changing the culture medium composition in most studied
populations increases branch length and number. Reducing the amount of mineral salts in the
culture medium has affected the plant's osmotic relationships to water and nutrient uptake. This
and increased glycine concentration have created a better fine growth trend. This study showed
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that among twenty native es of Iran, the North Khorasan population had the highest
morphological (shoot number, shoot length), physiological (fresh weight, dry weight), and
biochemical (hypericin content) indices in the modified medium. Also, histological studies in
this study showed a larger growth of dark glands in the modified medium than in the basal
medium.

Conclusion: Based on the findings for twenty native populations of Hypericum perforatum in
Iran, the North Khorasan population had the highest morphological (shoot number, shoot
length), physiological (fresh weight, dry weight), and biochemical (hypericin content) indices in
the modified medium. Also, histological studies showed a larger growth of dark glands in the
modified medium than in the basal medium.

Keywords: Hypericin, FeEDDHA, modified culture medium, glycine, Hypericum perforatum L.

466



fv ¥oosled XA s o) e 5 ool oLS Slades aslilas

Caroz Ve o B O 500 9 S50 590 giundd (50 59993 30 50 59999 590 S T 29 (v »
Al 0950 Wyl s yo (Hypericum perforatum L.) ety K

Yoz 30T 5 T el ) e ) Sl e33e
ol ol (Ol b1 Bl oo pole oy (6555 sm 5 UL el 558 (S S5 s ymetils =)
ol olaal (g5,5laS s s s s g plasle o)l (6555LaS (655 555 s 008in 53 bslind (Jpace sdiey 5 — Y
m.ebrahimi@abrii.ac.ir : s S s

o) ‘;,L@a.pl‘kg)'”l.:;s@}jjux)‘yf WOl Lol (o)l (6550MaS (6550 55 g 00t g 5 (Bl S iy ) el 8-
Voo e iptnd b AARRISPYVE RN W Bl VWA el il s b

ouS

xai,l sl oS S (Hypericum perforatum L) oe o6 b il b et lin csla dile (ol 8 100 5 aale
555 OlS5 spmy aibe ol Sowdlis cuols 4 b e oS oul 5,0 o iy .ol Hypericaceae oslyls
ol c‘ﬂw 2 ool el ol 5l 954 FPINK Y ol ‘QT sdaal Sy b3l 5 el Jf 23 o my 5 e s
o3l gla 51 e o la Lol aals las g_s‘.\'bf“ Ao 5 sy ot K o) & Clslie plaieay G ul ol o S Las
om0l ol s I S b 8 5 S s Ko plbess 5o s o B B N P LR Rc| PR P 1
0593 5 o5 ‘CLEJJ| oS @) 4 Ay Lol opl ol Ny ol Lg\.h&? 1T PEEET AT AL S Lbjjg BYYAYARE VAL
Jf 6“05 2 Shlp e s cul o) J§ 2 LBJ:*.W)K)E °)J§ SLS 5 op ey ) Jii-’ N ool osline Jl
Sl 53 TA/F sl Slsime 30 3525 63U Olm & 8 S o Wl o ol ssme 53 5 (Sole 53 o5sa (5,
33 8 o analil GBlas sud 53 e m s GWa s )8l ol sas 218 S 53 TNV/0 5 ol glbesee 53 TO/A (JS
LY RS VIR SO SN S SPGB VR S VORI SIS P9y -V O PP SUWU] VS v ‘_;ii--eb RYPSI
3 63b3lis Jole ileang G b5 oslmer ola) Cliie ailie Yo 5l Camen Gy a5 ol 3 iGEs, 5 3
(S 5e GBS sy Curan Yo ol o3l sl e on e B s oo poshe i cnl 53l ) s 2
Al e 5 V/YMS (a5l il uuis oS Jons g skite 0 s 5 1 S5 d5mmn 5 s (S5
3 om S eslinad J S s plsiea 4l MS cosS b Lz eslizal XS Y gt 5 Bs gla by FEEDDHA
Yo e a LY L 5 ANNTC s s s mis oS Gy b 5o s, 50 e GETS/A QI 53530 5 O/A 5, PH s
slaw ead Ssiead sbasalS 3l es S bl V=Y ol (e sl V=Y b ) Bl Slaks ag 3l e as DSyl aids
o b by, cell V8 5 SOb celu A o5 om0 b as, bl a oS aas s caS G b a5 wisain, cds
L glaos sl as; g0 5l G Nas Jime win ¥ e 4780V s Cusb) YO°C clos 5 WS N0 =Yoen
GBS 5 5 el Glsme iamie Hsbite 4 aa ol e 035 5 5 0ds asle Job s le slaw Jals (o)l pesls
Az eslizal (HPLO) YL LS, @\.a ué\ﬁjs\.«}; oK 3 w\..f

asly ) oslas s slaw 5 Job csS boe SLS 5 i b adllas 5550 laciman zin o aas e olis b ) W
5 aaliE b e olse 5 ol wlar il oS el lyy et B ine sSai olipe S2alS s el 4
ShaS sl plas cwsp cnl A8 sl 1) e o)l K adly e s a5l L gl W)Kf chle ol lel ana
dasle Job y asle slaw) (Ssdssrse sbgasle VL e sl s o ol s Comer Can Ol



e 59550 g S5 s

2

B omzman b glad sl s e 50 ) (remle Glsime) plasdon 5 (Kia 030 5 03s) Seisdsssd

sl Lo 4 o Bl Lo 53 5855 0 sbess sai Sl caalllas ) 5o (655 st

S plel A Cume ol ) 5o Hypericum perforatum s Comas Gy S5 2 Geis ol laasly ol g,;,fww

Slsma) aleardsm 5 (K2 035 5 058) Seisdnsm dale Jsb bl slaw) Si5sdsissm sboasle o YL Gl)ls
[ C)La‘ ‘h.:u B \) 3% A8 J\ S My wuuﬁ\a Slallas ek LD g A C)Lé‘ w-.s‘k.m B (U"“""'J""m

s oty Jan s S

Hypericum perforatum L. sl s oS Jass o pus IS FEEDDHA (s s 1 sadlS sloo 3l

(Kirakosyan et al., 2004) s ls S w 0> 5wy nsrd
ol b 55 4 5005 gy p 8L 585 03l 55 5l e ol
G iy pbhesd s baws 5 (Bertoli et al., 2008)
o 0l Ol s M e S LK 5 S,
o) s S salsa o 7NNY 5 S, s /Y= /Y
55 Bls gl wlS o) 4 4z bl cpl ol oS
Ramezani & «Karppinen, 2010) ¢l & slaze Jlo 6,90
o O R S usele (Zamani, 2017
4 S cwl s J oo s lSls 6, 5 OS5
O R £ P VS PPN (T E9) LR R P
03 sy 3L ol 4 5 S o Wl osa e cil
2 TOIN S ekl 53 TA/E asshmly Sl
O I B S PO SN A /7. SO CHNPY PO
wilil Olid 308 55 eemls OGN, el

(Karppinen, 2010) » 5 .

dodso
P R A T P PR T N S E PN
5 Al b LS & Hypericum perforatum L.
Ly e ol cpl 5,08 oy iy .ol Hypericaceae ssl sls
s 30 OS5 spmy ail e ol (S milio cuols 4
sl =l Jf 20V JS2) sl s e el
Lo ol 5l (K olS gl easeal Slss
w}"b')) O e ] N; Jw\-v ol chw L) ui)')\
Spe ol b ond o o] 5 Jols ssls slaes sl 3
SN 58 ol LsaS sl as JSae bgls pl 4yl
LY 5\5 C}s\ .s:,«.Az‘ &.3)‘.) Cﬂ\},& Py u\.,.sj J‘ Q@JLZSJJAA
W3l Jlz s bl L)) Jasee bl 55 (los 28,00
‘)’J,” 6\.5,:}5 Aals BE Q‘j.\ Br L;c\) Jf ol B c)}:
Bertoli etal., ) x5, ol 2l o & b 5 olhusk (gl
d‘\.ﬁ:j‘ e\,,f ua\ P.C.A ;A.Jy\.m d\}.&-& u...wJuLb (2008

Hypericin

(Karppinen, 2010) ¢ 55,00 5 s ,m b oland Sl - IS
Figure 1. Hypericin and hyperforin chemical structure (Karppinen, 2010)



54

a8 0 MOt e MS L 53 s 5 Y LY
s g (T30) ol 5 S00d sl o
Loazes oo Ll 0 L el Kosobssln
MS L (55, s 2 $as 4l YP/Y S0k
Y Ml 5 (IBA) el S ir Joan) ¥ Mol 5
oo 68 adllae 53 xS 5ol S (KN) xS
o 08 sbaismin, (ol J oS z ksl
S IAA Y UM 5 BAP 0/V UM 5> MS L
(G50, o sl 0-/0) aals ol o 5YL 5 a2
Miretal., 2019) sls Lz |, caS 55, YF 51 o

S s glas (YY) o, & 5 Abdollahpoor
2AMAI? g5l MS Le g4, a8l So L5,
Ly (axle V0/0) axla slaws op 5V (BA) osl s
Ll 03 S Wl Y/ eM Job 5 Kaein, » lila
G gy 5 (YY) o, s Morshedloo
i =l 8 asla o BECANE sz Sl
Lo 5 B5 MS Ciliiee Lms w53 08 saizs
AL 5 W S ceS BA /0 mglt g5\ /YMS
saalie B5 Lome s (F4/40 g.flask?) o, ol e
BAP iz slaclle 5 gy 1wy oo 0l
B olS sl v 5 e g 5 oba3l s
Souin, olsea = B sl Ll Sn sl
5 BAP il cacdile cols MS S Lma g,
boe s axle dWl e YL L S )5 IAA
5 YE/F KL L BAP V-v/0mgl?t ool oS
Farsad ) ael cowds seip, » sl asls ¥V/4
.(Akhtar et al., 2013

Sh s aboasln, 5o (YN 8) o), 5 Latawa
Y¥O YY- pmoll) chle > ,5 FEEDDHA .l
soalie atis £ 51 w5 X3S ealaal (OVO 5 PP
f£. umol? ;s b FEEDDHA ;I sslin! 45 25 S
Soiny pshla s S slaw 5 axls Job asls as,
4 (Y-\A) o1, 5 Eshaghi Sanayi .sls ) 580 1,
SO asss, oad slosgd 3l oS ok

¥oosled XA s o) e 5 ool oLS Slades aslilas

ool oS o 55 olse S 9 S ol
5 ol el Glados Blaw op g 5 (Se ol
5 bl e aibaie g 5 (s caS s ol an e
S e 53 0 550 03le iS5 CunS o) 5L
Sl sl O s U8 pame Julse el e
B ool eSS (580 e ety ola
My sl oot Gbigs, 5l S ol
Base DS easd S Lila 5 4l ol sl
plal 5 Johe canS 51 oslinal b (5055 50 oy,
Gb 3l alS 4l bedale g cop LS
Ao s YL e b anis 00 Ll a5 oS
b heme Jelse 5 Jad 5 ol as slacysyuse
olS asse cily K e Sl A8 o2l
ol oad (S5 pe3 900l o Camnb 51 500
Cal S S el GLLE Lol 3lasls mlo
A 4950 Cdale 5l pasane Hlade Gl 5 e
sras 5 S (S LB Gl
55 olee b ool LS Wy s G3eSS
Loy, 5 @l Ll Jlel o eSS
4 4>y L .(Franklin & Dias, 2006) ¢l aub
A Jre iz 5 e S Beb ) eSS S
Bl s S5 eSS pae [Sae Ld 3 b )
5 ey Sl (Saly 5 S obnl 1 ol
ol bl Sb5 Sl e il a4 58 0l
Pate b pem i ol SN A i S
o0 i) o 5l S olsea ans s S
P R P ) B QRS CO R AP P S
S o
b B ossse 00 Golems sbinsn ol 5 L
6oLl n, shie 4 Ase olyea ol s ¢l
$sl MS Lma 3 15 0 8 wisaizn, oS ol 5l axla
Karppinen, ) xsls 51 3 (BA) opisl Jisa /) mg.l?
S s S g8 (Yee) o, 5 Goel (2010
Gl sl Sl 51 el I8 o ls e slaw Sl



e 59550 g S5 s

a3 1Y Joan) pasie oWslas o e 5 Job
@ ol Gl s 4 S C"‘f 3 UﬁuKb.- Oligdios
3o s eSS wbcw ol e 5y alS
Sl Jols S (Grale Sl ais Ll el
ssbtedy s eolizal o 5 saigesp, olsea solind
it 64 ol bl bazalS (he Jsisas
S, &S,a 51 7Af JSU) AVe J8Ul s am s ea
4l Y Sae 4 (hie ol YVCC 4 VYCC oW
ol laie Sl L bagald w5 xas by
s s \=Y 5 U0 e ek 0as 5 2
Sde 4 (G S0 oS ,e 5l Tween® 80) A+ o s
u,j L basalS colg o '-»\3«\9.3)5 soaboe ands -
B OO O S SR T S V- I Yy -y VO gt =

Al 2SSl
S lagme W imaliys bolxe sl V/YMS
oS bama o malin gy 5o 552 90 WS 5) BS
prie ) oa! (el sasl Y Jsas s B5
Ethylenediamine Di-2-Hydroxyphenyl )) EDDHA
Duchefa S,z ;| FE-EDDHA (Acetate Ferric
5 47 Mgt ol 4 (Wda a8 cs L. Biochemie
S & 51 Glycinecas number 56-40-6) pu S
Ol a4 (s 528 csle Duchefa Biochemie
4l MS eSS b (prizen s eolanel Y gl
oo PH s 51 ey oo sslanal J 28 s ol 2o
(oWl Soe a8 2 50 L8T 8/A gt ool 5 O/A
oo 03 5wy caS Gy b s B s, Lo
o i NSl ads Y a4 LY s 5 \YVC
Gl el V=Y Job 4) sl olds ag )
slaw ead gaieas bazalS 5l e 8 sl VY
o oS aa ae S Gb s s Ky, cas
cele V8 5 (SOl el A o8 e b s, U
sls 5 SJ N0V Hg ous bl
Jae atan ¥ Ose 4 A=V el Cusb, 5 YOOC

fv.

S sls plas @ls 5 ws S eslinul FEEDDHA ol
4 basein, oad glosg O oal g cnl Sl eslan
e, JSawe 5 58 6}*-?)1" LOO/A - o) see
Bagheri , Moradian .sls S 1, Ul cbasais,
50 A58 55 55 S0 355 2 e 5 (YNR)
ciS Lama ;5 FEEDDHA 51 sslizal o8 wisls ples
als Ll 3 VA0 b 1, LS, K se olee MS
28h Bl s Sas 5 5 axla Ik primen

5 o8 5 (YeN1) oL 5 Noroozlo
ol 03 S sy S an, s | omliS
500 X0 MEIY CBE s S nss
Sy Sl st o) s 5 A eslizad (Voo
BLIBL W}\f Loas sl oS S o Il Jsy IS
AVl rizmen b ol ) el 4 cons B
0+» Mt chle ;s wsla w Sas 5 5 0ds ol
Souri , Mohammadipour .az saslie eesdS
2o chle Gilise o ) 5o (YNR)
el Hler ole 5l a8 Wb ples a8 slads as,
s o) oo, G (Fe 5 Y- e 0 mg. I
YL Kas 5 ooy Bl b3 Ve mglt sl
Jolae clle &8 sl ol amgs ol ol olas 1)
G50 5 A s 3 Bl (Ve M) D8
Al S5 a8 lis

il aibte Yo 5l Comenr Gy iR cnl Lo
b33, Jol e bt San b s ol e ol
9 o pode tasn cnl s ) gs)ﬂj, g
Comaz Vo o) ol Gl bow oge e
5 eberdsn (S (Sidsiose sl S
AS o s e 1y Bluman ol 654 std

L sigy 9 olge
oLlS (65555 T Y FE T
sl s bl pleaol 45U ced sl 5 o)l
s olasu b gl dilise lbcand 5l Cunes Y-



VA

1kl s cus Excel [ sle 5 5) eslatal b Waosls
cS,e 3l (A=-F-0FfA CAS number) e ,uls
43 S ag (Sigma, Aldrich) L&

Sl oy Las  leold ki 4
5 5 S LG Gt 4w Gl S
4 slacdl Jpeme by, Wl el K5
clcans 31 S, oLl s eolad L5 s,
Jslome 5o Laigad 058 5 S dize &) 50a it
WWT S eS8 5 oS 5 sl T 5\
Codias oy X ) (0-AV-0F CAS number
Soledliz 5 J5bl oo 5o Sl waSens sl
CAS number Wi S, oSu 30 Job5 L
FomfY Olie osbl U asesll dV-Ye-\vY.
LB 5 Sob 4w 5 6 S ol S sl s
b Gols oalasl s 5 s S bS8 s
2ol sbols a5 S 5 OF 5 sk
MasY 08 Sts 5 ens I8ls e )
Y Bt PR S TR N W5 S VR S S A
kel 5 blin R0 Y 5 blis 5l S
5 owSh e b s LA cox 5, Ll
Sl pSe 5wl colg Ly 5 Y gl
X21 Jae Olympus (s,5 oSy S b basa
A el EOs Jue CaNON ()0 40 Juae

43ad) SPSS Il 5 SeS 4 Lty ol mb
WS o b 6 s JosSt o b oppon (VY
s g0l SaS 4 S0l aslie 5 LT ol
s plil /20 Jlaas! o

¥oosled XA s o) e 5 ool oLS Slades aslilas

W

Golopeals dan slas )l s ws) o8 5l w
Sas Gl 5 5 ods axle Job sl slaw Jels
slag Ltoled 5 anle slag 5pSG ly ad sl
Jsb i Gl s ol Wy glile asls
e g Sk SSwwy » cbasls b sl
S LazalS 5 ooy s Selnl sl
(Ske /0N iy L) 5l K4 cals,
oA Sis Sl ey azalS Ss g5y a6 S el
Lo csle YP Soe 404-°C clos b ol Lo baazalS
A g sy i 4B 8 5 055 &S a3l oles

LS 3 el Glse e bl 4
TR T A S5l S oSaus 5l azalS
s bl QWT 5 5u8 cale Sykam Jas (HPLC)
S e 3o ealal YYY e Jue eiw 8 5 S7131
0592%BES wdar AL Jee V) oledd sl el
Sl s Grd dee V24 Jslie 5 (ad e FY) Ol
03900BE mdw 05 N0/F Slahe Olas 3L ag
A e i Lss %j A K L s ooy olas
2l K Sojied aal ) eslizad b o] PH e
Ko ads Se Yoo Dl a3 Wb Y )
ol Cem by ol Gy 5 NECHEDN (Jsles o)lae)
ol hs L Cl8 e 5l aids » xd e )
AAs ools e e e Yeox F/8 slal 5 0 Se O
g Job e s A F s el oSl
Loobses » S ) e as bl el 04
5 %38 awlw Chromstar 7.0 15l 5 5l eslisl



e S350 SB S s o fvy
= 8 Sl Canex Y- 6JJTc°-'.’ Jow Olasin -\ Joue
Table 1. Location characteristics of 20 Iranian Hypericum perforatum populations collected from
) ) . Latitude  Longitude
Number Sample ID Province City Altitude (m) (> (==
1 17016 Kordestan Sanandaj 2000 - -
2 18596 Ardabil Ardabil 1260 37-22-03 48-19-04
3 21617 Semnan Semnan 1701 36-02-48 53-25-20
4 21653 Semnan Semnan 2033 36-04-03 53-35-82
5 22664 Qom Qom 2220 34-43-44 50-09-14-
6 27078 Gilan Fouman 890 37-05-06 49-05-51
7 27112 Gilan Masal 1280 37-22-01 48-50-38
8 30825 Khorasan Esfarayen 1440 37-19-28 57-06-85
9 32811 Zanjan Zanjan 2350 36-41-43 48-44-17
10 35001 Tehran Karaj 2127 36-13-05 50-46-06
11 35614 Mazandaran Ghamestan 2470 36-15-54 52-11-55
12 35641 Mazandaran Gelogah 1875 36-35-10 53-59-51
13 35871 Hamedan Maryanej - 38-48-07 48-23-31
14 36726 East Azarbayjan Arasharan 1360 38-58-38 46-42-25
15 37655 Golestan Ramiyan 580 36-55-13 55-07-45
16 42337 Golestan Ali Abad katoul 1850 - -
17 42890 North Khorasn Bojnord 730 37-39-56 57-14-20
18 43848 North Khorasn Shirvan 1405 37-12-23 57-54-03
19 44190 Qazvin Qazvin 1520 36-28-46 50-24-86
20 44543 Ardabil Meshgin Shahr 1889 38-28-67 47-23-66
B5 cuiS’ Lo )3 352 50 slapmelu s =Y Joan
Table 2. Vitamins added to B5 culture medium
Amount per liter of medium . .
Manufacturer of the compound used Vitamin
(mg. I)
CAS number 87-89-8
Duchefa Biochemie 100 Myo-Inositol
Made in the Netherlands
CAS number 59-67-6
Duchefa Biochemie 1 Nicotinic acid
Made in the Netherlands
CAS number 58-56-0
Duchefa Biochemie 1 Pyridoxine HCL
Made in the Netherlands
CAS number 67-03-8
Duchefa Biochemie 10 Thiamine HCL

Made in the Netherlands
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Table 3. ANOVA of population type and culture medium on morphophysiological factors and

hypericin content in Hypericum perforatum

Shoot fresh Shoot dry Hypericin
Number of Shoot length ) .
S.0.V. d.f. weight weight content
shoots (cm) )
(@) (@) (ng.mg™* DW)
Medium 1 38.53* 70.07* 0.86* 0.01*# 0.001*
Population 19 1.58* 3.26% 0.03* 0* 0*
Population x Medium 39 2.02* 4.59* 0.04* 0.001* 0*
Experimental error 99 0.46 1.06 0.01 0 0
C.V. (%) 0.76 0.74 0.97 1.28 0.85

*: significant at 5% probability level
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Figure 2. Means comparison of culture medium effects on (a) number of shoots, (b) shoot length,
(c) Shoot fresh weight, (d) Shoot dry weight, and (e) hypericin content in Hypericum perforatum
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 4. Means comparison of population type effects on number of shoots, length, fresh, and

dry weight of shoots, and hypericin content in Hypericum perforatum

) Shoot length Shoot fresh weight ~ Shoot dry weight Hypericin content
Population Number of shoots
(cm) ) ) (ng.mg* DW)
1 1.17% 1.5 abode 0.059 dfg 0.01 ¢ Qv
2 0.67¢ 1.17d%f 0.047 0.01°¢ QP
3 1.33b¢ 1.4c0e 0.] bodefg 0.01%¢ oP
4 1.33% 1.5 abode 0.156 2cd 0.01°¢ QP
5 1.67@ 2.88% (.14 abedefg 0.01%¢ Qb
6 0.67¢ 0.83°f 0.066 cdefg 0.003 ¢ QP
7 1.17 be 2.63%¢ 0.26% 0.01%¢ o°
8 15 be 25 abcde 0.184 abcde 0.01 bc Ob
9 1.17%b¢ 1.87 abcde 0.17 dbcde 0.01%¢ QP
10 1.67@ 2.13 dbede (.22 dbcde 0.01°¢ Qb
11 1.67@ 2.15 abede 0.175 abcde 0.02%¢ Qb
12 0.83¢ 1.17 %f 0.096 cdefy 0.008 ¢ QP
13 ¢ of 09 0° o°
14 1.17% 2.47 dbcd 0.178 abcde 0.01 ¢ ob
15 1.67 ab 25 abcd 0.2 abcde 0.02 abc Ob
16 1.5b¢ 2.38 abcd 0.23 ¢ 0.02 ¢ ob
17 252 2.88%® 0.2912 0.362 0.032
18 1.17b¢ 2.15 dbede 0.22 dbcde 0.02% QP
19 1.17b¢ 1.47 abede 0.184 abcde 0.01 ¢ ob
20 1.67@ 2.22 dbcde 0.19 abede 0.02 ¢ ob

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 3. Means comparison of population type x culture medium effects on (a) number of shoots,
(b) shoot length, (c) shoot fresh weight, (d) shoot dry weight, and (e) hypericin content in Hypericum perforatum
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 4. a) Signs of necrosis in Hypericum perforatum seedlings grown in MS basal medium and b) no necrosis
observed in seedlings grown in MS modified medium
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Figure 5. a) Cross section of a leaf together with its dark gland in Hypericum perforatum leaf grown in
MS basal medium and b) cross section of a leaf together with its dark gland grown in MS modified medium
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