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ABSTRACT KEYWORDS
Reproductive organs and embryological characters consisting of Ovule;
microsporogenesis, macrosporogensis,andgametophyte developmental Anther;
process were studied in Asperugoprocumbens. The results showed that Pollen;
anther is tetrasporangiate and consisting of four-layered wall with Embryo;
dicotyledonous type development. The middle layer and Asperugoprocumbens;
tapetumweredisappeared during devel opment. Tapetum is combination of Boraginaceae;
secretory and plasmoidal type. Tetrahedral tetrads with simultaneous Eritrichieae.

cytokinesis were produced. Pollen grains were pear shaped, 2-celled and
6-colporate at the shedding stage. The ovule is unitegmic, ana-
campylotropous, tenuinucellate, funicular and embryo sac development is
of Polygonum type. A single archesporial cellwasformed that act as
megaspore mother cell. Thechalazal or micropylar megaspore of thelinear
or T-shaped tetrad functions as the functional megaspore and produced
gametophyte. The mature embryo sac is consists of an egg apparatus at
the micropylar end, acentral cell in adjacencies of egg apparatus and five
antipodal cells at the chalazal end. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION 24262155561 Agperugo is belonging to the Eritrichieae

tribe and Boraginoideae subfamily. Itisanannua herb

Themedicina family of the Boraginaceaehas about
156 generaand 2500 species(Zhu et al., 1995). The
most membersof Boraginaceae don’t have either eat-
ableor indugtria uses, but most of theirsflowers, sems,
and leafshave medicinal effect. The Boraginaceae di-
vided to five subfamilies by most recent authorg*%,
consist of Ehretioideae, Cordioideae, Heliotropioidese,
Boraginoi dese andWel | stedti oi deae, but thereare some
controversies about their systematic position as sepa-
rate family or subfamily of the Boraginaceag*t?*

with small calyx and corolla; corollaisviolet, blueor
white and tubular; lunette throat appendage®.
Asperugoprocumbens is used as strengthen the ner-
vous system, calmative, and antispasmodic, and for
treatment of skin septicity,in Iran’s traditional medi-
cinel®*52, Some medicinal attributes consist
ofanti bacteria and antioxidant activity and radical scav-
enging activities, have made it as the subject of re-
searches®*,

For agood and comprehensive taxonomy, aswell
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Figurel: Anther development, anther wall for mation, and microsporogenesisin Asperugo procumbens: (a) Transver se
section of tetraspor angiateanthersand nectary disc (arrow); (b) theanthersof aflower in variousdevelopmental stages; (c)
four-lobed anther primordia; (d) differentiate of epider mis, septum (arr ow) and connectivetissuein anther; (€) differencein
developmental stagesof two theca attached to an anther; (f) theanther wall formation (arrow) of thearchesporial cdls; (g)
matureanther wall and sporogenouscells; (h) pollen mather cells; (i) prophasel of the pollen mather cells; Abbreviations: ep;
epider mis, con; connectivetissue, arc; archesporial cel, en; endothecium layer, mi; middlelayer, ta; tapetal layer, pmc; pollen

mather cdlls.

asdarifying rel ationshipsand phyl ogeny should usedif-
ferent valuable characters of thetaxon. Someembryo-
logicd charactersprovidetaxonomicimportant datafor
the classifi cationl&37:384148-51545854  Based on our bib-
liographical studies A. procumbenswas not studied
regarding itsembryol ogica and developmental charac-
terigics.

MATERIALAND METHODS

Plant specimens collection areawas selected in
Broujerd at the west of Iran. The area namely
Bishehlocated at thewest of Boroujerd city, in Lorestan
Provincein Iran. Inflorescenceof A. procumbens, tiny
flower budsand matureflowerswereremoved in dif-
ferent szesfrom area. Thisflowersthat wereat various
developmental stage were fixed immediately in
FAA_ (formal dehyde,ethanol, and acetic acid] for the
48 h. Specimensthen were dehydrated using increas-
ing ethanol series (30%-100% ethanal), transferred

through an ethanol -tol uene sexies (75% ethanol + 25%
toluene, 50% ethanol +50% toluene, 25% ethanol +
75% toluene, 100% toluenetwice) and embeddedin
paraffin wax. The specimenswerespliced using of a
rotary microtum (DidehSabz, Iran) with 7um thickness.
The sampleswere stained using haematoxylin-eosin
(Chehregani, et d., 2014). The sampleswere observed
by a light photomicroscope (Zeiss AxiostarPluse,
Germany)and microphotographsweretaken fromthe
best onesusing adigital camera(Canon, G, Japan).

RESULTS

For mation of theanther wall

Results showed that A. procumbenshasfive sta-
mens (Figure 1a) and itsanther i stetrasporangiate (Fig-
ure 1b). During early devel opmental stages, anther pri-
mordia resulted to formation four-lobed anther (Figure
1c). Theouter layer of theanther primordium differen-
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in dehiscence; Abbreviations: te; telophasel, met; metaphasel,

tiates to epidermis (Figure 1d), and then
microgporangiawereformed by septum differentiation
between theanther lobes (Figures 1d-€).
Theanthersarel ocated dternatively with petal sand
havefive nectar disks (Figure 1a), aswell as several
immature stamens are occurring at the base of ovary
(Figure 3f). Sometimes, different developmenta stages
are observed inthe stamensof asingleflower (Figure
1b). A few developmental differences are observed
among microsporangiumsof an anther too (Figures1d,
€). At anearly stage of development, arow of archespo-
rial celswith prominent nucle differentiate below the
epidermis. Thesehypoderma cellsdividedpericlinicaly
and causeto form an outer primary parietal cellsand
inner primary sporogenous cells (Figure 1f). Thepri-
mary parietd cdlsdividepericlinicaly toformtwolay-
ers of secondary parietal layer, the inner secondary
parietal layer function directly asthetapetum, and the
outer secondary parieta layerproduced theendothecium
layer andamiddlelayer by further divison. Thus, maxi-
mum number of the anther wall layersis composed of

N O

Figure2: Microsporogenesisand male gametophytein A. procumbens; (a) metaphasel, anaphase| and telophasel of the
microgporocyte; (b) telophasell and two nuclear tapetal cdls, (c) tetrahedral tetrad and hybrid tapetal cels; (d) non vacuolated
freemicrospores, (€) two layer stapetal cells; (f) black grainsin pollen sacs; (g) hexagonal pollen grain in Transver se section;
(h) nuclear division in microspores; (i) 2-celled and eliptical pollen grainsbeforedehiscence; (j) pear shaped pollen grains

ana; anaphase, | ta; tapetal cells.

four layers. epidermis, endothecium, amiddlelayersand
tapetum (Figure 1g). Thelayers number of the anther
wall isunstable. Soon after formation theanther wall,
themiddlelayer iscrushed (Figures 1h, i). Tapetum, in
the stage of microsporocyte, hasmaximum differentia-
tion and showed high density of cytoplasm (Figures 1h,
I, 28). Sometapetal cellsbecomebinucleated (Figure
2b) or they arelayered duetopericlina divisons (Fig-
ure2e). Thetapetd cellsdegenerated gradually during
the pollen devel opment. Thisprocess startsat the tet-
rad stage (Figure 2c) and completed at the stage
ofpollengrainsmaturation (Figures 2}, 3a-€). At thetet-
rad stage sometapetd cellsmaintaintheir locationand
some other moveinto the antherslocule (Figure 2¢).
Sometimesinfreemicrospore stage, theblack globular
grainsat thedifferent sizesare observedinthelocule
(Figure 2f). Whenthepollen grainsaremature, thean-
ther wall isconsisting of: epidermisand endothecium
(Figures2j, 3a,b, c, d, e).

Theendothecium elongated radialy and devel oped
fibrousthickenings (Figures 2}, 3a €). The septum be-
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Figure 3 : various dehiscence in anthers of A. procumbens and immature stamens: (a) ssimple dehiscence and starting
degenerated of connectivetissue (arrow); (b) degener ated of connectivetissue completely; (c) dehiscence of stomium; (d)
simpledehiscencein cornersof anther; () invagination of anther wall in cor ner sof anther; (f) immatur e stamensin base of
ovary; Abbreviations: con; connectivetissue, sep; sepal, pet; petal, sty; style, ovu; ovule, im.st; immatur estamen.

tween thetwo pollen sacs of athectumdisappearsand
thetwo pollen sacs communi cate with each other (Fig-
ures 3a-C), aswell as connectivetissueisdisappears
(Figures 3a, b). Simpledehiscenceof theantherwall is
occurredbetween of two pollen sacsor cornersof pol-
len sac (Figures 3a, b, d). The stomium between the
two pollen sacs(Figure 3c) and invagination of thean-
ther wall (Figure 3e) dehisce and pollen grainswere
released.

Microspor ogenesis and male gametogenesis

The primary sporogenouslayer produced from di-
vison of thearchesporia cdls, divided periclinaly and

anticlindly, forming secondary sporogenoustissue (FHg-
ure1g) which differentiateinto microsporemother cdlls
(PMC). Themicrospore mother cellsareirregularin
shapewithlargenuclel and dense cytoplasm (Figures
1h, 1), which areadhesiveto each other at beginning of
development.

Microsporocytes are separated laterduring Mei o-
ss& andll, with smultaneous cytokinesisresulted to
formtetrahedra microsporetetrads. Themicrospores
areenclosedinahyainethick callosewdl (Figures i,
23, b, ¢). Concurrent by maturate microspores, the
callose wall become break up and the haploid mi-
crosporesarere eased fromthetetrad. Themicrospores
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Figure4: Flower primordium and megaspor ogenesisin A.

rocumbens; (a) flower primordium; (b) open carpel in early

developmental stage and hypoder mal divisions (arrow); (c) archesporial cellsand structuralization of integument; (d) the
megaspor ocyte; (e) anaphasel in themegaspor ocyte; (f) dyad (end of meiosis| ) of megaspores; (g) end of meiosisl| of the
megaspor ocyteand linear arrangement of thenucleuswithout cytokinesis; (h) T-shaped megasporestetrad; (i) degeneration
of 3-cell in micropylar end and chalazal functional megaspore; Abbreviations: ca; carpel, sep; sepal, pet; petal, ovu; ovule,

ant; anther, in; integument, arc; archesporial cell.

just released from tetrads have no vacuoleand they are
irregular in shape, with adense cytoplasm and acen-
trally placed nucleus (Figure 2d). Subsequently, the
mi crospores become vacuol ated and elliptical shape,
the nucleus finds coastal location. The mature mi-
crosporesundergo mitotic division resulting 2-celled
pollengrainswith highdifferenceinsze. Thesmal cell
isgenerative and the other cell isvegetative (Figures
2h, i). Pollen grains are pear shaped atshedding time
(Figure2g-j).

M acrosporogensis

The gynoeciumisconsists of asingle compound
pistil consisting of two carpels, asingle styleand a
superiorovary with 4 locules, each containingasingle
ovule. The carpel sare open when thefirst ovular pri-
mordium appearsand they will closelater (Figures4a,
b). Infloor of ovary, dome-shaped ovular primordium
isformation by peridind and anticlind divison (Figures
43, b). Thebasal-axile ovuleisunitegmic, ana-campy-
lotropous, tenuinucel late and funicular (Figures4c, d,

e 5d, e f, 6h,k, i). Theintegument has 10-15 layer of
cellsat mature embryo sac stage. Denticul ate apophy-
ssisformedfrom the outer layer of theintegument that
caused toitsconjunction with ovary wall (Figures6k,
).

A snglecdl isdifferentiated inamong hypoderma
cdlsof ovular primordium asthearchesporid cdl (Fig-
ure 4c), and then differentiated directly into a
megasporocyte (Figure4d). Themegasporocyteisdis-
tinguished of theother cellsby largenucleusand dense
cytoplasm. In stage of archesporium, theintegument
primordiumisappeared at thebase of thenucdlus(Fig-
ure 4c). One layer of the nucellus cells surrounded
megasporocyte, thusthenucdlusistenuinucdlate Mao-
sisand successive or simultaneous cytokinesis of the
megasporocyte produces adyad (Figures 4e, f) and
subsequently alinear or T-shaped tetrad of megaspores
(Figures4g, h). Thechaaza or micropylar megaspore
function asthe gametophyte mother cll (thefunctiona
megaspore) and the other haploid megaspores become
degenerated (Figures4i, 5a).
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Figure5: Megasporogenesis and female gameto

-

hytein A. procumbens; (a) degeneration of 3- cells in chalazal end,

micropylar functional megaspor e; (b) survivor megaspor ein depth 3-layer cells; (c) produced survivor megasporein more
depth of cells; (d) 2-nuclear pollen sac and residual nucelluscells(e) 2-nuclear pollen sacin moredepth of cell layersand
residual nucellus cells, one sided development in integument; (f) 4- nuclear pollen sac and degenerated nucellus cells
completely; (g) 4- nuclear pollen sacin much depth; (h) 4- nuclear pollen sacduringdivision for produced 8- nuclear pollen
sac, chalazal cdllsdivided beforemicropylar cdlls; (i) four cellsat thethechalazal end and beginning migration polar nucle;
Abbreviations: f.m; functional megaspore, mic; micropyle, nu; nucellus cell, ec; egg cell, syn; synergid cell, ant; antipodal

cdl, p.n; polar nuclei, end; endothelium.
Embryo sac and female gametophyte

The 8- nucleatedmegagametophyte by the
Polygonum typeisformed undergoesthree successive
mitotic divisonsof thefunctiona megaspore. Functiona
megasporedivided mitotically and produced 2-nucle-
ated embryo sac (Figures5d, €), then 4-nucleated em-
bryo sac (Figures 5f, g) andfinaly 8-nucleated embryo
sac, that four nuclel located in chalazal end and other
four nuclei inmicropylar end (Figures5h, i, 5b, d). In
4-nucleated embryo sac, the cells of chalazal end di-
vided priorto the cellsof micropylar end (Figure5h).

One nucleus from the micropylar end and one
nucleusfrom the chalazal end migrated to the center of
mature embryo sactoform central cell (Figures5i, 6b,
C, €). Thecdllslocated amicropylar end consisting ofan
egg cdll, and two synergidsthat forming the egg appa-
ratus (Figure 6a). Thethree cells of the chalazal end

(Figure6b) divided to product fiveantipodd cells(Fig-
ure6¢). Polar nuclel migrated towardsthe egg appara:
tusand attached to it (Figure 6f). Two polar nuclei later
fused and itsfertilization by one of the sperms causeto
formendosperm cdl (Figures6g, i, j). Egg cell fused by
other spermfor production of zygote (Figure6h). An
embryo, withshort suspensor, isproduced by succes-
svedivisonof zygote(Figures6i, j). Invariousovules,
depth of embryo sacsisdifferent (Figures5d, g, f, g).
Endothdium, withoneor two cell layers, originated from
theintegument that isvisibleat thearound of embryo
sac (Figures6a, b, ¢, f, 1).

DISCUSSION

Earn data of male A. procumbens showed that,
anther wallis consisting of epidermis, endothecium, a
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Figure6: Femalegametophyte, embryo and junction integument and ovary wall in A. procumens (a) Egg apparatusin

composed of two syner gidsand oneegg cell in micropylar end and cur vaturemicropyle, endothelium at thear ound of embryo
sac; (b) threeantipodal cellsat thechalazal end and two polar nucle far away each other; (c) duplication of theantipodal cells
and two polar nuclei in adjacencieseach other; (d) 8- nuclear embryo sacwith four cellsin chalazal end and four cellsin
micropylar end, curvaturemicropyle; (e) junction of polar nucleuses; (f) egg cell, sited polar nucleusesin adjacenciesegg
apparatusand starting degener ated syner gids; (g) sper min adjacenciesof secondary cell (fused polar nucleuses); (h) two
spermin adjacencies of the egg cell; (i) embryo by short suspensor and nucleus endosper m without transver sewall; (j)
embryo by transver sewall; (k) junction integument and ovary wall; (1) cur vatureembryo sac and junction integument and
ovary wall; Abbreviations. ant; antipodal cell, syn; synergid cell, p.n; polar nuclei, s, sperm, s.c; secondary cell, en; en-

dosperm, sus; suspensor, em; embryo, fu; funicule; , ec; egg cell, mi; micropyle, end; endothelium, t.w; transversewall.

middlelayer and atapetum layer. Process of formation
anther wdlsat thedifferent plant isfollowed four meth-
ods suggested, centralist or monocotyledonous®, ec-
centricity or dicotyledonoug**2, basi c typeand reduced
typel? that A. procumbensis followed of dicotyle-
donous.

Inner layer of anther wall or tapetum layer issingle
layer in Boraginaceae; generally, itsageislonger of
middlelayer and started to disappear at the microspore
tetrad stage. Development of thislayer isoccurred as
secretory type and or amoeboid type at the different
plantl*d, Recently, at the Symphytumofficinal €,
Cichoriumintybust®®, Psilotumnudum and
Schizaeapectinatal®®“ adifferent type of tapetumis
resulted. Inthese plants, bound of secretory and amoe-
boid typeishbroken, and tapetum cellsare both secre-
tory and amoeboid type. Some of tapetal cellsmoveto
center loculusand other cellsmaintain their location.

Behavior of tapetum in A. procumbens indicatesto
hybrid of secretory and amoeboid too. In free mi-
crospore stage, black grains are observed in locule,
vicinal of microspores. It ismaybethat they arestarch
grainsreleased of tapetal cellsduring degenerated for
feed of microspores.

In A. procumbenstapetal cellsare uninucleatein
early devel opmental stage but some of them become
binucleate at the later stage, and rarely, single layer
tapetal cellsbecome bilayer in somelocations, asin
Ehretiaovalifolia, E. microphylla and E. laevig®9.
In Boraginaceae, both uninucl eate®314% and binucle-
ate’®4359 tapetal cellsarereported too.? intheir re-
port on 9 species of Boraginaceae among A.
procumbensexpressed that ininvestigated speciestape-
tum cellsare uninucleateinitially becometwo or three
nucleate or uninucleate and polyploidy inlater stage,
that isnot according by our result.
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Unlike of other Boraginacead®>* greatdiversity
inform and | ocation dehiscence of the pollen sacsis
observed in A. procumbens. In mature anthers, the
septum between the two pollen sacs of athecadisap-
pears and the two pollen sacs coal esce before dehis-
cence. Thestomium isdehisces between thetwo pol-
len sacs, aswd | assmpledehiscenceandinvagination
of anther wall isoccur between thetwo pollensacsand
in adjacence connectivetissuein corner of pollen sacs.
The connectivetissue at the A. procumbensisdegen-
erated during maturation of anther and dehiscence. In-
vagination of anther wall, dehiscence of anther wall in
adjacent connectivetissue and degenerated the con-
nectivetissuearenot reported in Boraginaceae hereto-
fore.

Process of microsporogenesis in the micro
sporangiumsof ananther and also anthersof astamen
isnot s multaneous compl etely; sometimes one of the
fiveanthers passed developmental stagesvery later of
other anthers. Alsoimmature stamensare observed at
base of the ovary, results of that not reported in
Boraginaceae embryol ogy asyet. Themassive sporog-
enoustissueduring moredifferentiation resulted to pol -
len mother cells. Pollen mother cells in A.
procumbensundergoes meiosis and simultaneous cy-
tokinesisresultsalsoin atetrahedral microsporetetrad
that surrounded by thick callose cover. Tetrahedrd tet-
rad isusual shape of microsporestetrad in plants.[%
reported isobilateral tetradsin their observationfor A.
procumbensthat isagainst our resullt.

Pollen grainsin reported species of Boraginaceae
are elliptical, spherica or dumb-bell
shaped(2021.2831.344358 |n A procumbens, microspores
released of tetrad are non-vacuolated and irregular in
shape that with vacuolated, they become dlliptical.
Nucleusof liptical microsporesdivided and 2-celled
pollen grains are produced, in sheding, pear shaped
pollen grainsarerel eased, whereas exinethickensis
increased in pollen grainsand cellsare not observable.
Thisresult isnot accordancewith theprior findingsfor
this specied?? and it isinitial report pear shaped for
Boraginaceae too. Report of? indicted to3-celled
pollen grainsof A. procumbensin time of dehiscence
that is not accordance by our result. But we opinion
that, itsmaybethat pear shaped pollen grainsareas 3-
celled pollengrainsintimeof sheding.

Hexagona pollen grainsintransverse sectionare
observedin A. procumbensthat itssidesindicateto 6
colporate. A. procumbensis Heterocol pateand con-
sist of 3 true apertures alternating with 3
pseudoapertures*®; all of the Eritrichieae are
heterocol patel>'32147, Qur studies showed that
colporatesinlongitudinal section caused toamedial,
equatorial constrictionthat isin accordancewith the
findingsoff2Y. Pollen grainsby media, equatorid con-
gtrictionisobservedin many of Boraginoidese.

Starting of ovuledevel opment isat theinner mor-
phologica surfaceof the carpels, onthe placentag 19,
Ovuleprimordiumin A. procumbens by hypodermal
divisonsisformationon the placentae (Figure, whenthe
carpel smilar totheir primaryancestor, gymnosperms,
isopen. Species of plant genetic contentswill deter-
minephysical structureof ovuleduring development.
Micropyle, funicule, sructuresof ovuleanditslocation
at theovary aretaxonomically important charactersat
theflowering plants.

Shape of theovulein present research, asataxo-
nomically important character, based on ovuleclassfi-
cations of®, ana-campyl otropous suggested, athough
hemianatropous ovuleisreported by?? for thistaxon.
However, weobservationlittlecurvatureinovule (Fig-
ures6h, k), one s ded development inintegument (Fig-
ures5e, f) and curvaturein embryo sac and micropyle
(Figures6a, b, c, d, |) too that caused to our result for
add campylotropous. The ana-campylotropousovule
isrelated to unequa growth at thefunicular regionand
onesided development of integuments and nucel lus™>
7,9,17]

Oneother important character in ovuleisfunicule
that hasdifferent length at the different ovul es*® recog-
nized that ovulesarestaksor sessile. Sessileovulemay
haveanarrow or an extensive attachment region>. At
A. procumbensfunicular ovuleisobserved. Funiculeis
short anditsunequa growth caused to dangleof ovule.

On base of categorized integument by, A.
procumbensisunitegmic similar to other Boraginacese
members?, Thefirst integument of A. procumbensis
appeared inarchesporia stage. Prior researcheson A.
procumbens showed that the primordid initia of ovule
is by dermal priclina division at the archesporial
stage?®. During ovulematurity, some of acrotic cellsof
Integument arejagged then adjoined to inner surface of
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ovary. It’s maybe an incompatible character that caused
to adjoined seed and ovary as to hard separate seed
from theovary and findly itsunfavorable scatter in en-
vironment. Our reportisthefirgt report of adjoined ovule
integument and ovary, on base of our knowlege.

Amount of the nucellusisimportant in seed scatter
inenvironment. Periclind divisoninarchesporia cells
caused toincrease of nucelluslayersnumber and pro-
duced crassinucellar ovule, whereasfunction archespor
directly as megasporocyte caused to tenuinucel late
ovule. Nucdllusin Boraginaceaeis heterogeneousand
both of crassinucellar, in EchiumvulgarelL.?®,
Cordiasebestenal®!l, and tenuinucellate, in
Ehretiaovalifolia, E. microphylla, E. laevisi*?,
Heliotropiumscabrum, H. strigosum®l, 9 species
of? and as A. procumbens, ovul e at the Boraginaceae
are reported. Tenuinucellate ovule is advanced to
crassinucellar ovule becausethe seeds are weightless
and they arebetter scattered in environment. A layer of
nucel lusenvel oped megasporocytein A. procumbens,
whichit’s absorbed during maturation of embryo sac.
Remnants of thenucellusarevisiblein the 2-nucleate
embryo sac but in 4-nucleate embryo sac are degener-
ated completely.

Onerow of theinner epidermisinintegument dif-
ferentiated asregular cellsand surrounds embryo sac
of A. procumbens. Thesecdllsareintegumentary tape-
tum or endothelium that by periclina divisonsresulted
to 2-layersendothelium at the someregionsof thislayer.
Commonly found insympetal ousplantswith unitegmic
and tenuinucel late ovul es, theintegumentary tapetum
exhibitsgreat diversity initsdistribution, morphology,
cytology, differentiation, and behavior'?®. Endothelium
isnot reported in embryol ogy studiesof Boraginacese
members based on our knowledge asyet.

In Boraginaceae species by monosporic
(Polygonumtype), bisporic (Allium type) and both
monosporic and bisporic (Polygonumand Alliumtype)
development of gametophyte is reported(*®
0252831333553 Results of this research showed that,
devel opment of embryo sac in agreement with obser-
vation reported by represent the Polygonumtype®
or Normal type*! as described for more than 80% of
angiosperms. Embryo sac in this speciesisresult of
mel 0sisin megasporocyteand thenmitotic divisionsin
thechalaza or micropylar megasporeat thelinear or T-

BioTechnology — o

shaped tetradsthat themicropylar functiond megaspore
isnotinreportsof?’. Generaly, successivecytokinesis
isoccurred during meiosisin megasporocyteasin A.
procumbes based on Figures of prior reports??, but
we observation the megaspores tetrads in A.
procumbensthat cytokinesisissimultaneoustoo. With
comparison of several embryo sacs, weresulted that
different depths of embryo sac is observation in A.
procumbens (Figures5d by 5e & 5f by 5g). Itisseemed
thatdepth of embryo sac aslength of micropyleisde-
pendent to | ocation of functional megaspore, andinthe
micropylar functiona megasporeisunder thecha aza
functiona megaspore. Micropyleinthemicropylar func-
tiona megasporeisformation by forerunner surface of
theintegument. Inthe chaaza functional megaspore,
lateral surfaceof theintegument assi sted by forerunner
surfacefor produced micropylethat causedtoincrease
micropylelength. Themicropylelengthinarrivesperm
to egg cell isimportant and make to our opinion that
micropylar functional megasporeisadvanced charac-
ter tothe chalazal functional megaspore because mi-
cropyleisshorter.

Early production of megagametophyte in A.
procumbensis 2- synergidscell, oneegg cell, acentra
cell and 3- antipoda cells. Infollowing, Synergidscells
stedinlinear arrangement with egg cell, they are start-
ing degenerated before of fertilization (Figure6f). An-
tipoda cellsduring mitoticdivisonsresultto5cellsin
linear arrangement (Figure 6¢), whichisnot reported
by, Additionantipoda cellsnumbersisin accordance
withthefindingsof> on Heliotropiumeuropaeum. Egg
cdll division resulted to an embryo by short suspensor.
Form of embryogeny in A. procumbensisan unusual
formin Boraginaceae. In this species, zygote divides
by vertical wall and resulted to binuclear and
pantaseriateemberyo, whereas organization of nucle-
usesisvertical infirst layer (suspensor), but in other
layersishorizontd (Figure6i). Withapicd cdl divison
and produced hexaseriate embryo, transversewall is
formationin between of horizontal nucleusesand verti-
cal wall between nucleuses of first layer (Figure 6}).
Unlike of A. procumbens, in Heliotropiumscabrum
(khaled, 1978), Ehretiamicrophyllaand E. laevig®,
basal and termind cellsareformation by zygotedivi-
sonandthentermind cell dividedwithtransversewall.
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