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Abstract

Due to its great medicinal value, the Moldavian dragonhead, belonging to Lamiaceae, is
naturally distributed in Europe, Siberia, and Central Asia and planted in different
Iranian provinces. This research studied the development of male/female reproductive
organs. Flowers and buds in different stages of development were fixed and preserved
in order to prepare microtome sections using appropriate solutions and embed them in
paraffin. Hematoxylin-eosin was used to stain the slices. Based on the results, despite
the relative simultaneity of the formation of stamen primordium and carpel, stamens
develop faster than ovules. Nurses’ cells in secretory and plasmodium types are
rectangular, spindle-shaped, and often mononuclear or more. The microspore’s tetrads
had tetrahedral ornamentations, and mature pollen grains were hexacolpate with
reticulate ornamentation of the exine. The ovules were anatropous, unitegmic, and
tenuinucellate. The functional megaspore has a micropillar position, and the embryo sac
development belongs to the Polygonum type.

Introduction

The origin of Dracocephalum Moldavica L., known as "Zarrin Giah" in Persian, is in
the mountainous regions of Central Asia (Botanica, 2009). This plant is mostly
perennial and rarely annual or semi-shrub (Dastmalchi et al.,, 2007). The
Dracocephalum species, which naturally grows in Europe, Siberia, and Central Asia, is
cultivated in Iran in western and eastern provinces, Mazandaran, Yazd, and Tehran
(Mozaffarian, 2013; Dastmalchi et al., 2007). The Lamiaceae family, commonly known
as the mint family, has always been of interest to researchers due to its significant
medicinal properties. The formation of the male and female reproductive structures,
pollen grain formation, and various stages of embryo formation in plants of this family
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have been studied by various researchers (Daskalova, 2004; Tajadod et al., 2015; Jafari
Marandi et al., 2017). The anatomical structure of vegetative organs, secretory tissue
structure, trichomes, and the nectary tissue structure of D. Moldavica have been studied
by some researchers (Dmitruk et al., 2019, 2018; Liapunova, 1975). However, to date,
no information has been provided regarding the anatomical structure of the male
reproductive organs and their development. Considering the importance of
developmental studies in biological, agricultural, horticultural, and botanical sciences,
studying the development of this valuable medicinal plant can contribute to the
advancement of biological knowledge and increased productivity.

Materials and Methods

After the plants grew to the flowering stage, samples were collected from the buds and
flowers at different stages and at the appropriate time. The samples were fixed in
FAAT70 solution, which contained formalin, glacial acetic acid, and 70% ethanol in a
5:5:90 ratio for 16 hours to preserve the buds and flowers. Then, dehydration of the
samples was performed with different concentrations of ethanol. The samples were
embedded in paraffin and sectioned with a thickness of 8 micrometers using a
microtome (Cut 4040, Co., Mainz, Germany) for studying the developmental stages.
Staining was carried out using hematoxylin-eosin based on the Yeung's method (1984).
More than 10 samples were studied for each developmental stage, and examination of
the samples and preparation of images was conducted using a Nikon light microscope
(Nikon, Tokyo, Japan).

Results and Discussion

According to the results, despite the relative simultaneity of primordium formation and
the cotyledon, cotyledon growth occurs more rapidly than ovule development. The
growth of cotyledons and petals occurs closely spaced, and pollen grains mature before
the flower blooms, while the ovules are still in the ovule sac formation stage. Unlike
plants such as mango (Jonoubi et al., 2015; Mohsenzadeh et al., 2012), where the
epidermal layer of cotyledons disintegrates during maturation, in D. Moldavica, as in
other members of the mint family like basil, thyme, catnip, and marjoram (Kameli et al.,
2018; Jafari Marandi et al., 2017; Tahmasebi et al., 2016; Tajadod et al., 2015), the
mechanical layer, along with the epidermal layer, remains until the end of flowering and
the maturation of pollen grains. Pollen sacs exist in four-pollinium and various shapes,
including rectangular, double, single-core, or more, and are of exine secretion or
plasmoid type. Contrary to plants such as mint (Jafari Marandi et al., 2017), catnip
(Daskalova, 2004), and species of Brassicaceae like Brassica jordanoffri (Yankova-
Tsvetkoya et al., 2016) and Arabidopsis thaliana (Basiri et al., 2021), where two-
nucleate cells of the middle layer are reported, in this medicinal plant, the middle layer
cells are polygenomic. The type of ovule in this plant is anatropous, bitegmic, and with
a thin integument. The functional megaspore is of the monosporic type and ultimately
becomes a megaspore mother cell. The structural features of the hypostase, androecium,
and the nectary conductor tissue, as well as the pollen tube conductive tissue, are
observed in this plant.

Conclusion
Pollen grains of D. Moldavica reach maturity before flowering. The middle layer that
exists until the formation of immature pollen grains is lost before the formation of the
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top layer. During flowering, cotyledonary and mechanical layers remain intact. The top
layer is of secretory and amoeboid type and exists as mononucleate, binucleate, or more.
Ovaries in this plant have four pollen sacs with various shapes. Pollen grains are
hexacolpate and exine is reticulate. The ovule is anatropous, bitegmic, and with a thin
integument. The functional megaspore is monosporic, and eventually, the megaspore
mother cell becomes a pollen sac. The structure of the hypostase, androecium, and the
nectary conductor tissue, as well as the pollen tube conductive tissue, are present in this
plant.

Keywords: Moldavian Dragonhead, Development, Ovule, Pollen Grain, Pistil



YA-YA donis VF ) Oltan cp5ler 3 olomy )l o3 sler Lo 0l (ALS alibiln 5
VEY/N/NS e 5L s

VEOY/AV/F Do g 1 G55

VEYL SN Ll e b

R i

g3k ol s 03k 9 5 () Pl (9995 Addliag
(OWLx & y3) Dracocephalum moldavica L.

“_;.\;x;_'ﬁ,“‘;.\qdjuf‘ ‘*L;deéjéa?QbL‘L&j}}QﬁbMW
Q\j_‘ cQ\AJ WJhs Q‘)@" Al g &5,:)\..:1 )\jT eli.i}‘) 23] r_,ls« 5uS sl awug;“:_) a}jf\

oNS>

w5305 2S5 (655 m ST 5 (S bl 53 b ) sbay (OLlad 5 4 Ghaia) 5oyl oS
Pl 0 oSS Bl JEagl 53 35k e 43S Ol Calties (slaOlal 53 Olsl 3 gl a5l oREls
Slasbp g slitany gai s ol pe 53 a5 laais b aalllas 5353 olS Sl 5 5 2l
02351 — kS o s (6,8 B 3L 3 5 (eSS (st clie (S gloe b 55,8
3 o 2 smn S e Slesem 2l il el i eslinl b (65T
4 b LY 5 dmes (glod SanS jler LSl 558 0 plowil $Ks 1 S bapzr el i
B WUV P YVOR, VPP G | PP PRS-V PP PN N Rl (U PP WP I L
Ste S5 shls 251 5 o )ld s 03,5 Gls (s Jlydal 5 g5 ) Goses Son sl 5
bS5 i S g b (53 Shae J gl ol S50 5515 b 25 5285 08 3l £ 5 31 St L

el 68 ol e Fns Koo 3l e 58 ko Sl

;J‘w w:; ls eSass Lu‘ijgi ‘}.:.1):\.3 :‘Sv\:lr 6%03'5

SYAVYS Al bl os_jafari@iau-tnb.ac.r (oS 5 S G Sl 15 jee 85,557

@' BY NC_ND
2322- 2204/ © University of Isfahan

This is an open access article under the CC-BY-NC-ND 4.0 License (https://creativecommons.org/licenses BY-NC-ND 4.0)

DOL. 10.22108/1JPB.2023.137260.1316



https://creativecommons.org/licenses%20BY-NC-ND%204.0
https://doi.org/10.22108/ijpb.2023.137260.1316
https://www.orcid.org/0000-0003-2882-2412

V) Ole cpilezr 3 ol Sl on3 ke Jlo 01yl (LS palidons 5 Y

e b dibvf & SOk sl 5 Sl
ol g S 5 5l (Dmitruk et al., 2018) dis
Gyl 35 ) Caenl S diadyl gals ol
5 S o Sl 5 5 SR 4 Ol e
5 KBl (pelog,y slasaas =l
5 Al slS 5 sdae gl @) (s she
50585 hS (35 Al o g 055 S asp Ll
33 5 Ol Gadand gl eslizal OIS ST
plo 5o olS pl el 135 oLl Las a0l
Silejhe 5 il 5 LT (olegls
(Dastmalchi et al., s,ls gl 3 slas )8
Ol &,5 OlalS 2007; Mozaffarian, 2013)
Olgl 2 g 9)ls Cwenl ozils |5 4 (Lamiaceae)
s Ll F 5 oL Kaayn ke o)les
35 sl sl S5 s 0 S,
J.:(.IZJ ol 1,0 5 a.st &ls u-l}g‘" sle

Wlos S psn ool 0L e
(Daskalova, 2004; Tajadod et al., 2015;
Jafari Marandi et al., 2017; Kameli et al.,

Sl Gl OV Kiagn 4 51 2018)
5 ol st () Glaplll o 5
Sl D3 (o 55 5l e 5 eSS
(Liapunova, &les S asdlas I, 4o ysl olS
SNl 0 eS6 (19755 Dmitruk, 2018; 2019)
5ol el (Sole alj bsle duaj s
Coal war gl Sl odis &yl T oSS
(323 () pole 3 LSS glaanllas
s oS ol 0 oSS Al (GLEL 5 )
ORI ey 4 dlgee Aedl Sl
OT 51 Cys Gosopr SRlBl 5 (oolidica

-

4do\0
OYY 5 o3, 04 L (Lamiaceae) 0Ll 5,05
S8 OLLE lae s 055 5 (S S
o9 Ol gl O 63 gusa o o7 lael 5 ol
83 yu (Rechinger, 1982) Lyls
WO Jle s 1y 0T ad & Dracocephalum L.
A Nepetinae iip5 & of
s ls Gls Nepetoideae 5,5 5 s Mentheae
33 odias , 4 4,8 Fr 550> (Jamzad, 2012)
ald 55 ol oy o) el b 4 g ol 8 e
AT 5 ol Lide a7 Wyls 3o 3 gh g0
sldws oy i ¢l S5 sl SOk S
Lgh oo 3L e 5> 03w gl L;Um’}f
b el (_)Ual:f o) (Botanica, 2009)
Lied Gl praes L dleS O lia
3 byl 65, (Dastmalchi et al., 2007)
S5 s Sd et 53 sdas j5ba 01
Sos— Sl db 4 5 Sl odd oaST, | 4uS8
33 & 4yl &8 (Jamzad, 2012) 5,05 Ghes
b osbe S e bl 5 e )
53 ediadls Saa ol 5 ol ST,
O 5 55 O3l (B 5 b EBoka
(Dastmalchi et al., 2007; 3)ls s
odist a8 4,8 Mozaffarian, 2013)
S oo b jans sl et ¢ ile S
sl Sl e B BT gl a g s
GRS e R LS
&Iy gladd L dff..n Ok oYL 6L“¢fj,
Kzt bS5 b 8 s lseSom —slo)|
T S el e YO LY Uk e



Yy O 5 (g 0 irr b (OWLas & ,9) Dracocephalum moldavica L. 5o 4L oS 3esle s sl phdl 5SS s

Salgns e s Sl (e e te sb o
A b S8) dzea 8 el 3wl J s
B3 lagie o sbul JA-C S5 (OB
(S A (S S gy 68 S
S 6 el ole 5o (Sl 5 er
Il e e Ol 1y eSSty 5 b
5 JKasaE ) Gl s 620K
e §8 JSE Sl 035 2
ogd‘)aﬁﬁ%).\.»ubddudb;ﬁ
Sl (o8 @V i S sph e dalia
Sl paasen (OC JS2) ol il
e Sl 215 i 2 S5 AT ol e
VAF S 55 S8 lapltil (sl 5SS
VE sl JS2) it S i 53 35 e ool
mmwfﬁg,ﬂﬁjuu WOless ((VF g
Slapll Ol bl S I8 5 eSS s5i
5 Llodkd o Loz Lilos S ) uames | 5
S S 255 N AT el ST
Wl 0315 5 g WL sbos 5 oluslT Ll
e 4 fsk o CaeSass (bildass 09y
Sle i 0> G JSEa albs s e
Gz Oless (VA SE) 548 0 0lis &l g
03 gk g bl OT 0553 LeSsw 5 38
&S IS Jlys A 38 gl OF S
Ll
S beSly 085 @10 5 nrn 299
52 ) e (S5l 5) slos S ez
O S8 s S5 2 a0 JLG slaeS Ly
58l il oy ST ol (slagens
(O3 ,m Cowt) ol Y 5 (04,5 Cowa)

sl sl e YA S8 S o sbwl )

by 9y 9 g0
Olghol L0 &S0 51 5ok olS L,
2 @35 e a Odey B 5 g (012D
S 5 aomie B o3l s, (St glolilE
238 deles Obj 3 5 el Glagm 5
V¢ Sdea FAATO Jalowe 1 5 L0 L;”T@q-
s oslizel b € 5 bane oo gl cola
5 JdE sl e 5 ooy Jslons
A4 00 e L b Lo ys Vs
den Ve Bl s baised (Lo A e 5l ey
BT 0315, 5 L bk gas 6,8 OT s 10K
23 b pai A plal Jsbl Calizee slals, 5o
(Cut DC p 555, Sen 5| o 5 65 B 03004
4g ,sbea 4040, Co., Mainz, Germany)
lar gl g S A Cabd 4 Sl
L o6peley s oslisel (25 ol
Yeung Gsy bl 55 opisl - kS slen
Ao gp Sl aised V0 5l oy A el (1984)
0SS g 2SS b s LIS
“i¢ 3 sy 'y (Nikon, Tokyo, Japan)

A 03l Lo os 3| Se

Fad’s
(e ) e e ] BRCEN i e
oo 5 LBl GBI ()5 J5ba )
CIl Lds AL g 35 e ol s S e
S S s e e 5 sl i
)jw&fgwfal)béwlolfw()bl}
St S by bk 5 555 0 JSKaAS
e sgde Sl (VD S8 s o 0L

S oslay gbode JSu ol



VY ;;L;M;WL@,”,%;)qu.a;)L@,TduLow@wauwj YF

ot 03,5yl (slad gl 53 5 gon s b Olejon
Sadse b 28 sld b sk
oty 5 g 55 5T (Slapns dms 53 158
4355 (65 S b Nsd o LSS 0553
vy 33 S s (PMO) 035 53l slad sl
L 55 6 bdghe ol (VB JSK2) dub o ples
(S o I il sy sy
Sy 5 iy ke (STre pedly s
03,8 (SlaanS 05y5 5 L gr 0315 aseii oL
586 Gam gash b Liph e bl baeylys b
Sl )3 g 55500 5 gt Gl e
JK8) ssd e oss Lasl s laam s s S
(YE-G
l5asms S Al p (b o3 8 5sle glad o
o Wl (YE-G SO TT 5T 5 0n ameds 51 g
3 Lo AT e 5 (D JS2) ks JSC3
s g S5 1) ST (glay gy S el
Gdle 5l s Jleys 53 8 &ls YG S s
U b &Y Gladsbe 555 0 o> 7 sdsa 6
gl oo odalive 55 OT 31 ey (05 5 31,5 sl
B ssbe {538 &l oas b 5l e U
Llee BL T S b S L Lsd or O s
3 e f heS BS5 (Ka (BG US)
S S s oyl gl Ll S
Olsr Gl sy Ko opl (WCF JS2) dile o
5 Lyl o S g ¢S 1e el s codkila
g Olsea U ladshe Opae bl
Gl dn 5 Wb o 58 55 0 ST i

..s}.i»ksaov\sbdj.lﬂ)\:fgw;

158l Sal 5 sl e skl 5 oSl
o 355 Sl b (65l &Y s e 0L
2 S 5ol s Sl blys JS
LY Hlgr si e odalie YD 5 YB (ols S
0355 4 Ospm 1 b fa Ol &Sl &)lpo
pod s kT AY ool gl il wssle
31K m (( 56) (gdre 5 (S5 50) Sle oSG
Slods 1S5 b (s &5 5l aiial slanY
(B8 5 e F S ph i b
Il 5 oS eyl Ll dal g gline b g g
ol Mt (e glad sl (s, S ol
JSE 5 258 0 o dSTs 2 g fsb Wl p b
BY (YF 5 YD (o S2) S o Iy edatal
S ol 5 2l H1E eyl AY 5 (SO
lps Sl JSKE et e (s
By 055 5 Sy pab b aY ) gbdse
R N e . ]
SO &Y 55 0S5 KoL sl slad b
Wl dul s s ob &Y wiles 5yl b 8 15
YD &) 555 00 bl Bl 5o 520l i
y &Sl 51568 2L &7 b AV L(FA S
Lo oy s b e lad sk (S 0 bl
4 6 )l sk 5SS, L S5 sl
S S Tas ot dhen ) e ola S
(YD-F S8) Lsd oo obid i b (glazansSS
S S D9k S50 el ol a5k S 5
Syhien s b laags Gladshe skl o
5 by S lul bd e ol «YD-F JSK5)

3 5y 0 ey Hsba o lgEl e s



Yo O 5 (g 0 irr b (OWLas & ,9) Dracocephalum moldavica L. 5o 4L oS 3esle s sl el 5SS anlllas

; y

: ’ 1T 2 . i e \

Jol 03 sils e b 2 (A (02551~ e Sl b (50T 550) 53l (il s o 0555 Sl e ) S
(€ XF2) Sole 5 gom p « 8 (5l pnn)sms gy Sl S 1 (B el 3 5¢a a5l 5 5 S (V) iz
S g (AU Sl oy Slaaln Ol Bt S o (D OV0) ALE GlaeS Ly 5 bar 8 nlS 5 8IS 4
se . Sl 6,8 JSKe ol Jolie 5 ko3 S 5 LSl (V) anie Jsb 3, (Fy E oXF) S ,uls 5 bl I8
p.pe cu,fﬂ.»lf 32030 PSC (o pmdse s PoSt cu,f:h £330 5 PP oz st cd?ﬁ.\f pe cfﬂ.‘»lf
(T TE (S 35 g0 2 PO Ao i (STl an ‘Mr:.ﬁf:R,Mdjefu riw,fisp-m‘;xgrxbra_x.

Glodé i &S St ((glods &S S gt ¢ g £S5, T AT (a3 10 (a3 0V caols sty

Figure 1- Developmental stages of reproductive meristem in Moldavian dragonhead stained with hematoxylin-eosin.
(A) Longitudinal incision of reproductive meristem at initial formation stage (x10). Procambial strands are
observable. (B) sepal, petal, stamen and pistil projections (x40). (C) forming of sepal, petal, stamen, and immature
anthers (x10). (D) Longitudinal incision of young bud. filaments, immature anthers, and fusion of petals and sepals
(x40). (E, F) Longitudinal incision of bud (x10). Anthers and pollens in associating with initiation steps of pistil
forming. Se: sepal; pe: petal; st: stamen; p.pi: primordium of pistil; p.st: primordium of stamen; p.se; primordium of
sepal; p.pe: primordium of petal; sp.m: sporophyte meristem; R.M: receptacle meristem; an: Anther; fi: filament; p.o:
primordium of ovule; re: receptacle; sty: style; ov: ovary; o: ovule; ar: archespores; gt: glandular trichome; nt:
nonglandular tichome
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Figure 2- Developmental stages of anther in Moldavian dragonhead stained with hematoxylin-eosin. (A) Longitudinal
incision of young bud, initial formation stage of anther, parietal layers (x10) (B) Longitudinal incision of young
anther with anther walls, pollen mother cells (x40). (C) cross section of young bud with obvious four pollen (x40).
(D-F) cross section of young bud (x40), pollen mother cell divisions and formation of dyad, tetrahydral tetrad (x40).
(G) Pollen grain maturation (x100). Se: sepal; pe: petal; st: stamen; p.pi: primordium of pistil; an: Anther; fi:
filament; ep: epiderm; en: endothecium; ml: middle layer; ta: tapetum; PMC: pollen mother cells; ps: pollen sac; co:
connective
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Fig.3. Developmental stages of pollen grains in Moldavian dragonhead stained with hematoxylin-eosin. (A) cross
section of mature anther (x40). Calluse layer is still visible around pollen grain (B) final stages of pollen grain
development (x40). Decomposition of endothecium is obvious in some points. (C, D) mature pollen grains,
vegetative and regenerative nuclei, exine ornamentation are observed. calluse layer is still seen in some grains. (E, F)
mature pollen grains and dehiscence of anther (x40). (G) polar and equatorial view of mature pollen grains. ep:
epiderm; en: endothecium; ml: middle layer; ta: tapetum; an: anther; mp: mature pollen; ex: exine; in: intine; col:
colpus; vn: vegetative nucleus; gn: generative nucleus; ca: calluse; ev: equatorial view; pv: polar view
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Figure 4- Developmental stages of ovule to initial stages of embryo sac formation in Moldavian dragonhead stained
with hematoxylin-eosin. (A) cross section of young flower (x40). Coincidence of young anther and PMC
differentiation formation with formation of ovule primordium and ovary. (B) Longitudinal incision of bud (x10).
Young anthers and initial stages of megasporophyte formation. development of ovary, style, and pistil. (C) young
anatropous ovule (x40). Formation of microspore, archespore, and megasporophyte. (D, E) Longitudinal incision of
young ovule (x40, x100). Se: sepal; pe: petal; an: Anther; fi: filament; pi: pistil; ip: immature pollen; ar: archespore
cell; tu: tunicate; pl: placenta; mi: micropyle; nu: nucellus; fu: funicule; MMC: megaspore mother cells



VE Olien el 5 oloety 5l cons ez Jlu el ) (A culidions 5 v

£ I

B «(XF4) Sass Jsb 2y (A .(d_;l-“hi.,s,*mpL;}:»T&))},.:,;pal:f,;@ti,,zﬁgwg:&v-aJi.z
S DL 033 by LS 0480028 (C ol gon 3L (6,8 S8 ¢ Gl S S5 XV 0) s Job
X)Ly S olpen & Sad Job 2 (D o5 or ealiie sl gon S5k (XF0) (o) an Sler 5 53 A e o
S i ST syl ((XF0) ol Job 5 (B ololin) 03 8 508 Colin 3L S5 (glitntn by, duS S5
r;ad,ud,ixjuag,;,,uTs,),<H OV ) Sbgy 4w (G Ve 0) 6w Job o (Faas o 0lis |y oSss
nu (S mi ‘g;éé,-pl«ei‘..;ﬁhwﬁ:tuc)w,:fﬂd}b:ar‘éb.lis:,?:ipcu,f:u.pi4r.?ﬁ31¢:ﬁce§l.~g:an.(x\~~)
AN 45 o (Sl s ISYN ¢ Grnli st hyp (o3 b 5V ch o5 Jske 100 s erle 3le Jsbe MMC ey ¢35 55

p:l:,.uT:en“gtpr}lm:np ‘rﬂ\li.\;,),,ﬂ:sp W STL S sls sk

Figure 5- Developmental stages of embryo sac formation in Moldavian dragonhead stained with hematoxylin-eosin.
(A) Longitudinal incision of ovule (x40). (B) Longitudinal incision of ovule (x100). Formation of embryo sac,
formation of hypostasis tissue. (C) Stretching of the embryo sac inside nucleus tissue during two and four nuclei
(x40). hypostasis tissue is obvious. (D) Longitudinal incision of ovule with embryo sac (x40). Formation of eight
cells embryo sac. Forming of pollen-directing (asterisk). (E): Longitudinal incision of pistil (x40). Blue star indicates
empty chamber lack of ovary. (F) Longitudinal incision of ovule (x100), (G) embryo sac (x100). (H) insertion of
sperms and zygote formation (x100). An: anther; fi: filament; pi: pistil; ip: immature pollen; ar: archespore cell; tu:
tunicate; pl: placenta; mi: micropyle; nu: nucellus; fu: funicule; MMC: megaspore mother cells; Oo: oosphore; ch:
chalaza; hyp: hypostasis; syn: synergid cells; ant: antipods; sp: sperms; np: nucleus polar; en: endothelium
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