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Prefa ce 

Tho e r liest embryonic stages , beca us e of th simp

l i city of t hei r organiz tion B d cellular s t ructur e, are 

logica l starting points f or development al stud i es of plants 

as a ho l e . The zygot o and ear l y post - zygo t e pha ses of 

embryoni c devel opment ar period s of inimum cell f or m 

diffe r e ntiation . If the colla pos sevs a potential i t to 

develop i n _a n ber of d ifferent ways at any s tage i n t he i r 

deve l opment , it i s i n a ll likelihood at t his ea rl da te. 

Becomi ng more a nd or e specialized li i th cont inued growt h , 

t hey f i nally f or m tissues a.nd orga ns wi th the ca a c ity for 

sp cif i c f unct i ons i n t he d ivision of l abour of the matur e 

pl nt or gani za tion . It was f elt t ha t t he ore s pecialized 

t he cell s became , the less impr essions le t hey vould be to 

the i nfl uence of an i n- vi t ro envir onment. Accordingly , 

t h is trea tise dea l s with the cultur e i n art ificial medium 

of the ear ly post-ferti l izat i on per iod i n t he e br yonic 

growt h of Pinus nigra , var. austria ca , in a n ef f ort to 

di s cover a nd a s s ess t hose f a ctor s hi ch influence a nd govern 

t he embr yon ic developmental pat t ern . 

The pr esent study as begun i n 1951 at t he sugges t 

i on of Profes sor • v • Radforth. I i s h to expr ess my 

apprecia tion to Pr ofe s or Radforth fo r hi s gui da nce i n 

(ii ) 



conduc ting my r e ea r ch, without hich this investigation 

could not ha ve been car r i ed out . 

This ork 1 s nderte ken s par t of a programm 

hich ha been as s isted throu a gr ant f rom the Ontario 

Cancer Treatment and Res earch oundati~n, for hich Dr. 

Radforth is the grantee. 

(111) 
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Introduction 

The great necessity for exper ental study in the 

field of e br onic deve l o ent h o long been appreci t d . 

Nu r ous postulates have been made ith .rega r d t o the 

iological f a ctors f undament 1 to the patt erns or differ

entiation observed i n the embryonic tissues ot plants in th 

l iving s t ate . Some ot these theories have gaine ide

spr ead a pproval and general acceptance despite their uncert

ain origins . Other ore or lea~ contradictory s peculations 

or suggestions , bor n in a simil a r fashion, hile co andlng 

leas universa l respect , have enjoyed a mor e limited . but 

none theless devoted .toll i ng . Huge super structures of 

subsequent investigation have arisen ith their round tiona 

resting on the as sumed val idity of one or more of th se 

controversial hypotheses . As a natura l, but untortunate 

oonse uence, ch contusion and argu ant ha s resulted . I t 

is obvious from the foregoing , that no t rue ev l uat ion of 

the situation oan be derived without basis in exp riment . 

B er (1) advanced the theory t hat fila entous 

organi.za.tion is t unda ental to embryonic develop ent in 

.multi- cellular organisms throughout the plant kingdom.. He 

then proceeded to an analysis ot the pol ar ity of the early 

f i l ament fro a detailed study of numerous pl ants in 

1 
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various t axonomic groups . R 1 t ionshipa bet en the xi 

of the fil ment ous s tructur and that of t he rchegoni u 

ere studi ed . I t became increa s ingly pp r ent t h t th 

presence or absence of a sus p nsor s f a ctor i n t his 

rela tions hip . The orientat i on of t h ma t ur e adul t pl ant 

lso seemed t o have a definite bearing on the axis of t h 

bryon1c filament . The !'ac tor , ho ever , which has com 

to be a ce pt ed g neral l y s the chi ef cons i d r a tion under

lying t his pol a r ity i s the biologica l advant age of sourc 

ot nut r i tion in t he r i chest a r ea. or tho gametophyt i c tissu • 

I t as aug ested t hat the suspensor , obviously under t ns i on 

in the life situation , i s designed t o push th young mbr yo 

int o th i s hi ghly nutr i t ious por tion or the protha llium . 

Th need for ne evidence hioh ill emphasize t h 

jus t if i c tion in a ccepti ng til entous or rad i 1 d lop

nt b c omes mor e s i gnitic nt when i t is recalled th t much 

ot t h r eo nt ork of deva,lopmental or phol ogy or conifers 

r ela t es t o pol yembryony as a measur e of pri i tive.n s or 

specializat i on i n f und m ntal gro t h t r ends prev 1 nt i n 

conif er s . 

Buchhol z (2 ) repr esent s t he a s xu 1 p tt r n as th 

or e pri it i ve in p i ne a nd the f or erunner of simple m.br yo

geny , and expresses the beli ef t h t the asexual pa t t er n 

does not vary i t h envir onment . These postulates wer e not 

ba ed on any exper iment a l evidenc • 
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R. B. Thoms on {10} contends th t the orphologiea l 

expression or any hereditary re ture cannot be us e to d t 

ermlne the course of phylogeny, until the ext nt of it 

variability under different conditions has been d t rmined 

and t aken into ccount. 

okno ledging the importe nos of such l nv stigation , 

part or this ork has been undertaken i n an effor t t o ain 

a better understand! g of those factors hioh gover n tho 

developmental pattern or differentiation or the proembryo 

ot I'inus . I n sharp contrast to the more pr itive gymno

sperms such a s Ginkeo and Cyoas. Pinus has a true filame nt

ous suspens or , t hereby ottering more opportunity for study

ing those f a ctors underlying this algal t ype of organiz tion. 

Thi s study entailed the possibility of i n-vitro 

culture of a ll the early gro th stages f'ollo i ng t rt iliz

ation, and once achieved , a comparison of orphological 

sta tes in this ma teri 1 1th those alr ady es't blish d for 

in-vivo cases at comparable stages. 

The cells of the gametophytio tissue a re extre ely 

delicate , the cell alls being very thin . The difficulty 

in excising early embryonic tissue i n organic ssooiation 

ith parent tissue in, say , mammals can be apprecia te , but 

in plants there a r e cell walls in place of membra.n , hich 

ean better protect the cell contents against mechanical 

injury . In Pinus, t llero:f'ore , t h.e phys ical situation is 



such t hat it is just possible the excision i h b· acco. 

plishad . One separated and placed in a ·ti~f ctory nut

ritive di , the early mbryo oul in n . nt ir ly 

ne envlro ent. The e bryo ould b surrounded equ lly 

on all sides by nutrient, in contr t to s p cific lly 

situated prot hal lial ma trix. 

Experiencing consi er bl e difficult , Ra forth (8) 

s ult i mately successful in conduc ting a s1 ilar in t

ig tion ith Ginkgo . Thi , nd n erou~ succes ful att mpts 

t gro i ng ore ditferent i t d excised tissue i cultur 

encouraged t he adoption or t he torag i ng design. 



· ater ials a nd Procedur 

Pi nus ni gra .!!!!:. · austria ca as ehosQn because of 

th rel tivel y l ar s i ze or i ts ovule and embryo sa o, th 

r or er b ing a bout 10 mm. in len t h , nd t h latter • 

Two pr ocedur es of pr epara t ion lifer ult1·· te l y 

dopt ed . The f i r s t consisted i n ma kin l ateral aeveranc 

cross t he dis t al end of t he sporangium ith s harp knit , 

aft ~r h i ng rem.oved th prothalliu noomp s sed by t he 

nuaellus t ro.m the integument . This out s de short 

d i stance f r om t he r ohagonial clust r . Th s cond invol'ic 

removing t he en~ ir e s por an i wn f ro n t h nvelopi ng i nt o 
ument ithout ny excision be i ng made . In e ither ca se , gr eat 

ca re · as exer cised i n t he removal of the gametophytic tissue 

r ro t h int egument , to avoid i njury t o the pr othall ial a pex. 

In bot techniques, the excised t i s s ue ao dropped into a 

aeven per cent sol ution of ehl or ide of 1 i me , ·hi ch had been 

t il t r ed tte r s a nd i ng t hree hours . The t issue ·1as tht;.n 

tra nnf err ed to t he culture mediu • Th thi n- bladed sc l pel 

us ed t o sever t h pTothallium in the first · ethod a s f lamed 

and cool e i n t he s am calc ium hypo chlor ite solut i on , and t he 

hole oper at i on as conducted a quickly e po s i bl e. 

Ot prim ry i mpor t ance , too , a s t he s election of a 

cultur e medium vhich oul s up or t l ife , a nd. pos s i bly s us t in 

5 
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gr o t h . Two media , bo t h highly r eo ended for e bryonic 

tis sue culture tere used in the earlier x eriments . Th 

firs t as Knuds on ' s f ormula , f or hi ch orel nd ~tmoro (7 ) 

claimed excellent r esults i n t he i r gr o th s t udies of f e ~ 

ca llus t issue . This med i um as us ed s · ul taneously it ' a 

modif ied Crone 's sol ut ion , employed successful ly by Dr . Rad· orth 

in gro i ng t he proembr yo of Ginkgo . Later , t he for r was 

discarded in f avour of t he l a t t er . 

The cons ti t uents of t he odif ied Crone' s solut i on 

ere as f ollows: 20 g . pot ass ium chloride; 5 g . ca lc ium 

sulpha te; 5 g . magnes ium sulphate ; 5 g . magne s i uo phospha t e; 

5 g . i r on phospha te. Of t hi s mixture , 1 . 5 g . ere added to 

1 l i tr e of water to give a ' 100 percent ' s olution , and the 

hydr oge n i on c oncentration was ad jus t ed to a pH of 5 . 5 . 

Dextros e as t h n added i n t he pr oportion of 2 g . dext rose 

to 100 c. c. of s ol ution . Ord i nary 20 o. c. tes t t ubes er e 

utilized as cu l tur e containers. Ea ch as s upplied · i t h about 

8 o . c . of t he medium, and then seal ed. i th a p l ug of cotton 

~ ool . The t est t ubes er e then autoolaved for 20 minutes at 

15 pounds pressure . Af ter a per i od of tr i a l , a dilut i on of 

the origina l ed i t o 25 per cent ith a ter a s f ound to b 

t he optimal str ength f or the ma i nt enance of healthy cell a . 

Ti ssues ere a l l ed to r ema in i n the nutr i tive 


edium f or periods r anging f rom one t o t el ve days. 


Th fixa tive used i n the ear l i er ~ or k as for malin
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c to- alcohol ( . A •• ) fter Johnsen (6), but this s l t e r 

sub tituted b ~eak c om- osmo- oetic (c. o •. ) (Johns n} . 

he butyl lcohol eri s a s used throughout i n the 

mbed ing process , and t h sec tion ere cut t o a thiokne s 

of t ~alve icrons . 

Stains used er e rlich's hae , toxylin , reco ended by 

Dr. Radtorth , nd safranin n r t green, utilize by Schopf 

(9 } in sta i ning e bryonia tis ues or Larix. Th l a tter as 

used exolu ively in the later ork . 



Results 

Effects of Diss ection and Trans f e r to .Medium.: 

Repeated attempts 

to ex.cise the p.roembryo trotu the prothallium with a micro, 

manipulator ,, p-rior to insertion in the culture medium. resulted 

in devastat ing shoal! ., through which we failed to preserve the 

extremely delicate embryonic <Halls -, as Radt'orth had succeeded 

in doing 1ith ()i~J£0 · 

This led ultimately to the .tirst procedure of prep

aration outlined iA the previous section. I n outtin& across 

the protha llium $ome distance from the archegonial end , rather 

than a.ttemptims a rem.o'fal ot the proembryo itself, a great 

nULl'lber of cells were lett between the proem.bryo and the nut ... 

ritive medium, which it was hoped would buffer the shook ot 

transfer . Due to the ready infiltration of med ium through 

the severed and loosened cells, it wa s felt s afe to a s sume 

that the young embryo would be supplied with an unlimited 

supply o.r nutrient on all sides . This technique als o avoided 

any possibility or damaging t he proembryos in the reg i on ot 

the archegonia. 

Despite every precaution , contamination proved a 

serious i mpediment , and the second method, a .modification 

or the r irst' t as developed. It WBS observed unde r the 

a 
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icroscope that in the peat-fertilization p rio , the nucellus 

i s a very thin e brane , and in addition to b ing or lly 

emi-por.me bl e , or ev n perme bl 1 it i discontinuou ith 

any t ear nd bt · s. Con quently, it s ad ree ~onnble to 

conclude t l t thi surface ould llo f or ready i iltration 

of the culture m di on a ll s id s . 'his ol1min ted the 

necessity of cutting, and s peeded up the proc s considerably 

by r educing t he handlin • he :fir t teohniqu was not €band

oned , ho ·ever, since it as not thought dvis bl to b o th 

a tir investigation on the bove assumption of infiltr tion 

thr ough the nucellu • 

Exp r imental Selection of ateria l s : 

Th Knudson' s medium prov d 

so e h t unsatisfactor y . Dif ficulty as foun in dissolving 

the mi xture of salts in ater , and th r vas a m rk d tendency 

tor the sal s to s t tle out , d o. iti a r oi u on t ur

r a co of the tissu i er s in it . Th r s als o te dency 

for the pH of t he olut1.on to f all off to valu 11 belo 

the r oco n 5 . 5. It e a , or ov r , pos ible to voi 

undue 1 smolysis at y re Aonable con.c nt ratian . ccord

ingly, thi s nutri nt as di~card i n f vo r of th o ified 

Orona's solution lready describeu. Th u e of a igh r 

concentrat i on than the opt nl 25 percent stre th r esulted 

in much plasmolysi • hile lo er concentrations pr o c d a 

http:emi-por.me
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r at e l of rt tion through cell turgi ity . 

h . r:x tive firnt used as foun to cause 

coruJider ble d 11 go n intortion of th tis u·s , prob bly 

due to rapid penetr t1on . Thi "'elution ·o therefore 

r place by the c.o •• 
Tho necea •ty for a long period of hing 1t r 

taining ith ' rlic 'a h · em toxylin , r ul t d in uch a g 

to the d 11cate ti u , an for this reason chang as n:md 

to safr anin and f t green , a a reco end· d by Schopf. 

Observ ti ns in Gro th and or 

Gr at irregul rity as dis

oov >red in th date of fertilization i n this sp cis . In 

ny instance , contents of s o e archegonia d i splayed more 

dvanoed development than others in th sam ovule . et e n 

different ovules on th same cone there was a greater variance, 

and a s till la rg r discrepancy as noticed in th comparison 

of diff erent cone on th &amo or adjacent tr es . Th v r i

ance bet e n d ff rent locales as even mor pr onounced . This 

observation 1 not borne out by the literatur on the dev lop

ment of Pinur:1 . F rguoon (5 ) in.dicaten f i rly r 18i d te 

f'o r r rt i l iz t io in Pinus , and Coult e r and Cba berlain (3 } 

give ad finit da e ( uly first) f orth f rtilization in 

Chicago . 

The per centage of ovulo. hich do no beoo e f r t 
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i l i zed in thi s s ecies i s ery hi h . (it y run as h igh as 

90 percent) . Thi s neces s 1ta t t h ha ndl i ne of bnorroal 

numbers of ovul • 

Inspect ions of the in- v i tro t i e t int r va l s 

i ndi ca ted tha t · th ti.tJ.e in nut 1• nt · ed i um i ncr ase 

afte r a l apse of fro 10 to 12 days , th~ cas s u o i ng 

i n t enanoe of hea lt hy ppeurir.L& c lln b ca ~ 1 orearingl y 

infrequent . Accor ingly , t h gr o t h per i ods mr k t 

et r ·en the 11 i t of 1 to 12 days . 

ampl vidence ~e obtaine t o esta bl in h the f ~ct 

t ha t the t iss e a ~ gro 'in hile i rnn rsed i n t h nutr i nt 

med i m. The fo llowi ng r o t he criter i a on hich ss s s ont 

of ce l l v i t a ity a nd gro th · er base : 

1 . 'rhe aenora.l a ppe r a nee of the cell • B yond th 

ext :. nt of pl asmol ysis to be exp cted , s i ndio t ed by t he 

cond tion ot t he t i s . ue fixed f r o the l i v ng t a t , t he 

cy t opl asm l ooked norml . a cuol tion and r anul ation lso 

ap pea ed l ndioa t i v f livi ng cel l s . 

2 . v i sua coz p r 1· on of i n- vit r o oell ith other 

f i xed fr o in-vivo ti. s ue a t co par ab l e da tes . I n h i gh 

per centa ~e of cas s, this comp r ison n f a vor bl c. 

z. The pr se o of itotic f igur s i n t he i n- vit r o 

cel l s . i a, . 39 , )l u te VI , a nd 1· . 44 , Pl a t e VI I sho 

a riou~ ~i to t l c f i gur es i n a n a br yo f t e r 10 day' or 
1 e r ion i n the a rt i f i c ial nvi r onment . Fig . 1g , Pl a to 
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III aho a late teloph se in a s econdary embryo aft r t n 

days in the nutrient med ium. 

4 . Th ppe ratce or d velopmental forms not en

countered i n the in-vivo situat ion. 

In numerou in- vitro oases large embr yos, someti es 

approachi ng the ootyledenous state , appe red much nea rer the 

ar chegonia l end or the pr oth llial matrix than is ev r 

observed in t he in-vivo ca o . Fig . 5, Pl te I sho s ma< s ive 

embr yo near the apex . Gr o in in the normal environment, an 

embryo this l a r ge would be situat d much rurth r do · n the 

cor e . The for going s tatement is subs ta nt i t by n e rous 

o s ervations mude i n this inv stigation, and by the l arge 

assemblage ot l iteratur portr aying the oobryology or Pinus . 

The relat i ve po0itions of the t o above c sea are illu tr ted 

in t he composite diagr· ms 1 and 2, pl te VIII . Fig. 10, Plate 

I I , and Figs. 26 and 29 , 1 te IV giv ad iti nal vi dence 

ot ma ss ive c bryonia develop ent i n an bnorma1 location . 

From observations made during th course of this 

ork , and from a survey or the li t er ture , it can be st ted 

tha t i n the l i t e s i t uation, the axe s of a l l embryos i nt &l libly 

coincide · ith that of th rchegoni um, and the m ryo gro s 

a ay f rom t ho archegonial a pex . In ny i nsta nc s , secondary 

e bryos , eithe r from cl av ge or imple ontogeny, fter a 

period in the substituted environm nt, sho 1 no cor rela ti on 
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b t u een the ir axes nd t b t o t he rchegoni • ig . 3 . ? 1 t I 

nd ig . 45, 1 t e VI I o n en ryos h e a es t c por po. d-

i ,u 'r to th t f th arch o .• i • i g . 8, Pl t · I · F i u • 13, 

p t I, nd i g . 4 . 1 t e T d p ic bryos whose xes ooin

c e •ith t h t of t he e on a . _Qii ev x , th dir e ct i on ot 

pro.ta . t i on t rc the ape r t e . thin · Y r o.:n it' r p

r nt t :J.g t ur degr ~. -i g . 9 " 1 te I a.is,..,1a .. s 

a ' 1' 0Up of f.o .r 0 wi t ax s and g 0 th dir ction ~a.ry-

i n • F g . :?l i t I ; 1 ;;;.> . 12 , i'l e I '1 i gs . 2 0 nd 23, 

p a t v I I I . s o · mbryos v-ho 0 ( e s ar ob1 iqu ith re . peot to 

t rc 1 :1oni - is . 1 "S . 2 . d 8, l a t o IV p ict r e 

e bryo s i t obl i que a 1 p ti lly r ver d ~JOl r 1t~ • he 

no.r.mn n-v1vo s i tua tion 1 he - i n . i g . 43 , 1 t e VI , and 

Fig . 47, n 1s tc VII ; h r t h e b y os h adina ro.m 

t e r chegoni 1 · o , · n have axes oo nc i i n. wi th t at of 

t c e oni • Dr • i a 5 and _, Pl t X c o:up,u c th 

o on vith t A.o nor a i n-v i vo s ·tu t ion . 

bryo i n the or a l dev·elop e n t hav Oh ·· r ot er

i ti c s h p t y B' • !hey r e e on_ te b dies t ith par 

al lel id~n . g o.aly a l i ght t a per t o a r d t he base , nd. 

h v po int -d x pri or t o t he oot ylodenous st 1e . I n the 

case here young embr·yonic develop ent i n s ubj e cted to t he 

new environment , t he for ofton cha nge s r ad:loc J. ly . There is 

a mar .k:ed tendency tor uoh embryo s to dev el op rad i ally, and 

be come more or less ball s h pad . I n s o e cases t hey become 

sph rical n d. o.f ten it i s h · rd or imp os s i bl to distinguish 

i n
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the b B or the embryo fro the p :x . s th , e bryo bcoo.I!les 

mor tu e b ., re being place i n he nutri nt ediu , t h 

se CH'it of t.he re ult1 g round d for p o r e ively ecre -ses . 

Ho e er , e n. llore tho e 'bry ho· di · f erent _ ted r tly, nd 

i 11e ring at 1rity b .;; ...:. or th i ns r ion th re is usually 

s ignific nt roundi g out noticeable. T io l Ht tur ca~ 1 

i lustr t d i co.r:"~osite dr- i ~ 1 und 2~ .,.., ot ~ I II . :Fig • 

i.; • • 9, c. to VII, 

u d i <.;) . o, t II sho 'l t 1 r nnd ed a p uro noe in th4 

c se of e 1 ad . . ced e bryos . F i 1 • 30 , Plat ho 'f.., the 

orm r a .- vivo eilbr .. o of cor; p rn led .1 pent . ig.". 

2 , , . ,an 7, Pl te 1 ~s • t.:.O , 22, 2~5 . la t I II; .. i . 24 , 

.Pl' e i g . 3~, 3 nn 36, 1 t . · ; 37, 38, 39 and 

42 , Pl a t n I oh ·ariou• d ro s of 

t 1 a i a _ ro 1th t n .e nc in t e younger n ig • 

37 , 38 a nd 42 , 41 t I, nd i n ig. , Pl' tc .... the ox 

baH .r difficult to d · stineui h . ':i'h · , · ,n ency o · r d 

threo- d · ens ion 1 r th · n the indiv du· mbryo iG a ver y 

pr ~alent o o. h. type of r .di 1 ~ro th i n youn er utages 

of o br onia d~v ulo )m nt is p~rtr· · ed by c o pos t r " nss 

3 nd 4 , ::.'1 t IK . 

n dition to t.h s r diu dovolopo nt i tl e 1 gle 

,m.bryo , thP.re i o rL a tre. d to rd r i a l for in the 

p tt rns for ed by groupe· yos . n the n tur 1 s tate 
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th e bryo are al l axi 1 a nd l i ne up ne hint the oth r 

as seen i Fig . 43 , at e I , nd Fig . 47 ' 1 t V I . I 1 

the tis ue cultured in t he mediu t his rr ngo ent is the' 
exception rathe~ t han t h ' rul . Her e it is found that tho 

embryos spiral out in v r ious ireotions , nom t im s in a sym

metrical manner, a.s sr oke co leo.v t. e hub f ., ee l, but 

usually in a mo r e ar r an ement. 'ie. 9 , Pl a te I 

show t i la te s i tua tion, ~ do Figs . 3 (J a 1d 34 , Pl t · V. 

ig . 35 , Pl at e hm a a r di l fo.! ma tion of r y YO\ IL 

embryos , and . ic. . 40 , P l ato VII sho;. ~ !!lore .. YL'llll tr icalJ 

a rran no t. c inc e t ho e br yos here r e nt ell in the ono 

pla e , only t he out line of nome ar.o vinl 1 iJ th photo

"r a ph . Drawings 5 and 6, Plate X compare in-vitro and in-vivo . 

Hhen ·•ro't'n in the lWU 1 onv i r on ent , the loc tion of 

tho e .bryos in re l tion to t he .r-othnllial 'trix , ad in 

r e l at ion to one a not h r is strictl y i n a ccord nee .., .:th their 

. as nd s11' pc . The longer d t h i cker h e rtbryo' the 

further down i s it. 1 oca t i on i n the ga.metophytic ti o u • 

{i . e . t he grea t r is i t s di s t nee fr m th0 archegonia l apex . ) 

In the i n- vivo s t · t , this p' tter.r i s qu i te st t ... c . An 

ill ustra tio of t his i s given in F i g . 4 ..J , P l a t o VI . In post 

in-vitro tissue , the mn s s of the 1 .atur e e~bryo' apparently 

b a rg no s uch r e l a tionship t o its l ocat i on . fte n embryos 

of a bnormal ma ss nd unusul ah... pe arc found ez:tromcly high 
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....,up in th rchogonial of th embryo sac . llig • 1 , ..., 3, 


., 8, nd , :"'1 .:-. t ll 1 ' . u~. I l t II; , • gs • 20 , 22, d 


23 , . 1 te III; F . s . 24' "'~ nd 2S, Pl a te IV; "igs . 3'-' , 33,
·• 

~4., n :36 , ';) l e. o V; Fit;s . 3?, 38 , 4 41 , .nd 42 , f l te VI,
' 

and Fig • 45 , 4 a d 5 • Pl··.te VII illu trate 1 8 anoes or
' 

var i o s embryoo 1ocut d eiy h" h p in t arohego i al end , 

far r .moved fro t po ition mbryos of their ss oul 

occupy in the natural ro ·th p ttern . Comp it dra i a 

3 and 4 , Pl t IX, illu trate th·s t ndency f rther . 

In e c 1 in e ti ations , three - di n~ional ro th 

J d13co red i n th develop nt of the rch o ial coJ tents 

of. tisouo in~ert d in t o ne ium ~di tel -f ollo i g fart 

11 •z t on . his dovelop ent has resulted ·n a 11- defin d 

oe llul r prolif ,ration 'I th · n th arc e on 1 jl cket , eztend

n n c ons . r le is a ce · r o n t o cri her y of the arch

oni • o uch g_otth iJ ev ont i n the contr 1 por tion ot 

t. r eh -gon_u 1 . In evury cao , t he e o lls a.re carried 

throu out th se~ ies of ~;;cat ions a 1. a e qu·t distinct in 

appenr nee fr the arc eg i 1 Jac t c ls . T ey ppe r 

r ct gular n pe , n · of v ury delle t e c o ple • In some 

c se., t L 1' is free nuclea tion in vidence . The n clei 

ar v ry ..: ull , an t nd to p ear in >a irs, indica tin an 

extr ruely rapid gro th . In t issue ron ove fro culture prior 

t o this prolif ration of c 1 ' 1 rse free nuclei have been 

discovered . F i • 14, Pl a to I I sbo s a section of the a rch 
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egoni al j okut lined i th this cellul r prol if ration . Fig . 

11, Pl ate II illustrates th appea r ance of the whole arch

egonium and sho s t he location o:r this cel l ula r gro th ithin 

t he jacket . ig . 31, Plate V deJ~ i ots the rolifera tion in 

the asal portion of thi s archegoni um . Fig . 15, Plate II , 

nd Figs . 17 nd 21 , Pl ate III are v riou vie s of a second 

ar chegonium ith this s ame prol if er a tion , an i n t he e phot o

gra phs t her is o e ev id.ence of the free nuclear ata te . 

Co posite dra ir~ 7 , Pl te I iv es a en ral pic tur e of 

thi s cellular pr olif erat i on complex . The large fr e nuclei 

in evidence i n an earlier sta e of develo ment a r e d picted 

in dr i ng a, Pl a t e XI . 

In numerous cases , the embr yo in te r i 1 gr n i n 

cult ur e displays a c 1r vature (1. e . i n th mass of t e embr yo 

exclus ive of the susp nsor) . This has not been ob rved in 

any embryonic dev elopment i n t he natur 1 envir nment. Thi s 

bending i s vid.ent i n the fol lo i n phot ogr aphs : i gs . 2, 

8 and 9, Pl ate I ; 1 • 20, Pl at e III ; i g . 28 , ~lut· IV; 

i g . 36 , Pl a t e V and Fi g . 45, Pl a t e VII. 

Ther i s considerable ev idence t hat polye r yony is 

.more ev ident i n t he i n- vitro tissue t ha n i n the in-vivo . The 

li ter t ure is so e hat vague on t h subject of polye br yony 

in Pi nus , and t he av r ge numb r or embryos .found in t he 

norma l state are not repor t ed . Ho ev e , n er ous obs r ations 
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during t he course of th i s i nvestigation indicate that the 

number of e bryos has been enhanced as a result of the 

culture treatment . As many as 12 e bryos have been f ound 

in one embr yo sac com ared to a maximum of 6 dis covered i n 

in-vivo tissue . mny of t he in-vitro ca.ses dis play nu bers 

ot embryos in exooss or 6 . These nu..-nbers , of course, do 

not appear i n any one section , and cannot, therefor , be 

depicted by hotogr aph . 

The ratio of cleavage polyembryony to simple is 

l argely a mat ter of conjecture , but s ince the ave r age 

n .ber or a rchegonia fo r this species app r t o be from 

t wo to tour, it i qu ite probable that on an a verage 

cleavage i s the orig i n in at least 50 percent of the oases 

1n the in-vitro a teria l. 

Fig . 19 , Pl ate III s hows an embr yo iving indication 

or impendi ng cleavage. 



Diso as i on of Results 

The regularity in the d te of f rtilization for Pinus 

a reported by erguson and Coult r and Cha berlain , oes not 

hold for this speci s . The great var ianc in the time of 

f ertilization , nd ther efore in the progreso of post - f r t 

ilization development , so ne ;hat i nvalidat s any comparison 

ot t h i n-vitro material ith the i n-vivo cont rols . Ho ever , 

this is not a serious matter , since t he em ryology of Pinus 

has been t horoughly investigated, and is by far the best 

kno n tor a ll t he con ifers . 

~ ile the elapsed tirne in culture was, in many cases, 

of quite short durat ion , it as observed that t h post  fert 

iliza tion development is extremely r apid , and it as considered 

t ha t the ra nge or times used was quite adequa te . 

The primitiv s pi ndle theor y , advanced by Bower , 

endeavours to es t ablish t he pr emi s e tha t fil a entou or n

ization under lies all e bryon ia evelopment in pl ants, evan 

in the more advanced forms. Her e it ba s b n assumed , as has 

been done i n the ani ma l kingdom, that land vegetation has 

evolve from some aqueous typ or t ypes . Radial d velopm.ent 

in disco i d or limited spher i ca l forms i s convenient for pl ants 

of floa ting h hit; a s tate hich demands no distinction of 

apex and base, as i :J the ca se in Volvox or unic ellular lsae . 

19 
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hen the pl nt is r l ated to a solid substratum, polar ity is 

stablis hed, and ith it toll s , a a rul , a n longa tion 

ot the pl nt body into a cylindrical or spindle- 11 a for 

with distinct on ot pex and s e. Th -1mplest t yp is 

the non- sept t fila ent , as s en i n Vauch ria . The ast 

jority of algae, ho ver, beco s pta te s· r or mi ng a single 

tilam ntous ro of cells . The si ple filame t may pe s ist 

throughout li.f , s in Ulothrix or pirogyra, but it usuall y 

' ,becomes branched . I t very often l eads to a fungal formatio n 

ot an ggr egation of filament s. A fur t her o ific tion, and 

one .mor e important in rel at i on to t he higher for s of veg

etation , is the subdivision of th · cell of th si:m.ple fil

amer t . y longitudinal wal ls , t h r sult of hi.ch i .s · ither 

a bila tera lly fl ttened or solid cylindrical structure. 

Usu lly this lon ., itudinal subdivision appeer only a ft er t h 

young pl ant ha be oo e establi hed as a s el.f - nour L1hin organ

ism, but in some cases , the longitudinal ·alls ma · ppear 

earlier, so t hat in extra e cases , the young plant is ma.ssi 

.from the first . The above cases do not r epr esent the rue 

embryology, since the young i ndividu 1 i s not enclosed ithin 

the body ot the moth I' . Ho ever , it is gen r al l y 1>-liav d , 

as propos ed by Bo er , th .t the embr yo of higher p l ants rep

resents a young individua l , correspondi ng to t he d i ploid 

tha llus of s o ·e a l gae , encaps ula ted in t he r ohegonium in 

ocordance with life on exposed l and surface s . Inall t ype s 
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the e bryo ill prob bly as ume at f i rst pin 1 -lik form, 

ar ou ·ly edified and possibly ~ isguised . l'le for m of the 

v cular plant om.br yo geuel' ally , is ossenti lly t t ot 

spin le , t • .Cl tip in the pex, and th susp nnor, hen 

~re ont , t e org nio b 

The su penso.r is co sid .red a prim.it i or vestigial 

pa r t, he l ast 1nd1c tion of the construction of the plant 

body ro a f i la nt , or ro of cel l s , often r apidly p sse 

over , and, often suppressed , as in the o se of Ginkgo. Thi s 

comr on origin agreed upon , a comp rison or the hypothotio l 

biologica l factor gover,ning the develop ent of the alg e 

·ith t hose in the case of the advanced porophytio gener at i ons 

or va sc1lar pl ants is suggested by Doer. 

In t he algae, the r is a solid substratum to ~hioh i t 

is t t ched , and thi s is usually vertically bel o • There 1 

expo sure to light which is usually vertic lly above , and 

t her i s nutritive medium all around it. The polarity i s 

1n a roughly v rti ca l direction . ~ inc e nutrition i fro a 

tery medium compl tely surroun ing t he filament nd e qua l ly 

a rr nged on a l l s ides of i t , the alga t ends at fir s t to a 

cylindr ical o r spindl -like form, which is often er aaently 

r e t i ned.• 

Si mila r ly , in 11 a rchegoniate pl a nts , a defini tion 

of the polarity of the embr yo is the first s tep in its develop

ment . The pos ition of 1ts a pex and base i •; r ecognizabl· o.n 
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the appearance of the ti.r s t segmental wall . 

The embryo encapsul a ted in the e..rc.hegonium has no 

direc t r·elat i on . to a solid substratum ,. a nd t he possibl e 

influence of light is affected to v.a.rying degr e.es by t he 

enveloping ·Calls. In view of the fact that very little 

ext ·erual l i ght talls on the embryo , it is doubtful 11' this 

1fJ a faato.r wor thy of much considera tion . The nonrishing 

medium sUProu.nding the tree algal t hallus has been substituted 

by the l iving cells of t he gametophyte , rich in rood ma teria ls . 

The· tissue s'Q.pply1ug the nutriment ., as a rule, is not uniform 

in bulk on all sides. It is suggested t hat the strongest 

influence on the earl y developm.e.o.t of t he embryo is the 

enveloping materna l tissue (the cells immediately adjoining 

the p.roemb.ryo} nd the direction in wh.1oh the nourishment of 

the embryo is to be derived . Si nce this nutrient material is , 

as a rule• not equally dispersed all around, it may be a.nt 

ioipa ted that , though a eylindrical o.r . spind~le-like form of 

t he embryo is 1)ossible , it may .not be c ons tant o.r permanently 

.retained . 

In a gre&t majority or a r chegoniate pl ants, the a.xis 

of t he embryo c·oinoides with that of the archegonium, but 

there are · nwnerous exceptions to tbis, In the Bryophytes , 

as well as in Equisetum a nd Isoetes, t he axis ot the embryo 

coinoidGs with that of the archegonium. , and the emb,ryo grows 

toward the neck of the archegonium. In Pteridophytes, t wo 
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types or embryo are, :round: those with suspensors, and tboae 

without. I n those having a suspensor , the embryo is directed 

toward the ba se of t ho archegonium, a nd lies in the arch

egonial axin . I n ins t ances here there is a varia nce between 

the axis or the a r chegoniu..'Il. (and therefore axis or the 

spindle), and the axis of the mat ure plant, t ,hta dis¢repancy 

is usually eo.rapensated for by a ourv!i 1n the shape of the 

young embryo. Wbere no suspensor occurs , no such ou.rve is 

ev iO.ent . The embryo is apparently 1n t he same axis as that 

of the mature plant, r egardless of the archegonial axis . 

Thia has led to the suggestion by Bo ar that the orientation 

ot the embryo in the axis of the archegonium. is dictated by 

the attachment of the suspensot· , a.nd is without reference to 

tbe adult attitude. here there is no such tie; or i,f' the 

encumbrance ot a suspensor is abolished , the polarity ot the 

embryo rrom tb.e first is 1n accordance with the growth direo'

ion of the mature sporophyte. In some suspensorless types , 

however, t here is a suctor!a,l foot bent aw(ly from the axis ot 

the spindle into the centre of the nutritive tissue , suggest 

ing that here the axis or .maturity ba s a less decisive 

influence on the orientation or the embryo, than has the 

relative pos ition of the prothallial sources of supply. This 

latter is generally eonoeded to be the chief faet-o.r underlying 

embryo orientation. 

In 'the leptosp,orangiate terns, the polarity of the 



24 

embryo bears no fixed relationship to that or the archegonium. 

There is no suspensor, and the spindle direction compares 

favourably with the adult axis. 

Marsilia has no suspensor , and the embryo is perpen

dicular to the archegonial axis. Isoetea has no suspensor, 

and again the embryo is not tied to the axis of the archegon

ium . Selas i.nalla ha.s a suspensor , and is thereby tied to 

the archegonial axis which varies. Here, when this axis does 

not coincide with that of the mature plant , the necessary 

adjustment i s achieved. by an appropriate bending in the 

e.mbryo . It has been. deduced that the direction of the stored 

rood influences embryonic polarity , but later , as the f.)mbryo 

elon~ates, the response to the '.maturity• factor becomes 

effective , and leads to those curvatures so characteristic of 

Selae,inella. It has also been concluded that , since in most 

auspensorless types an orientation in the axis of the arch

egonium would have created difficulty , and necessitated a 

compensating adjustment, the absence or a sus_pensor has been 

an advantage, and repr·esents higher specialization. It is 

generally agreed that t h·e suspensorless embryo is an advance 

phylogenetically . 

In primitive gymnosperi!ls, such as Zamia :t'loridana, 

Coulter a nd. Chamberlain (:3), the frequent suspension or cell 

cleavages until many nuclei have been formed is a per plexing 

feature of their embryogeny, but despite an aberrant start , 
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the polarity is not in doubt . The embf;ro is directed away 

from the archegonial neck. 

The angiosper ms are similar in behHviour, and tb.e 

filamentous sttuoture is felt to underly the embryology of 

tbe sporophyte as well . 

Com;pnriaon of plants in the embryonic state show that 

a filamentous, or sp indle• like str\).oture that Boler calls 'the 

prim! tive s pindle '• with polarity defined by the tirst embryonic 

cleavage is common tor them all . 

In anim· l ova it has been shown by experimentation 

that the planes of cleavage can be controlled by external 

pressure between glass pla tes . Another postulate; then, is 

that pres s .ure exercised by the surrounding. t1sS\tes may have 

a direct effect on polarity . It. tor example , the arch

egonium exerted lateral pressure on the developing embryo, 

the axis of the am.bryo would then coincide witb that ot the 

archegonium. This press.ure factor eould be a n important 

one .tn respect to the ~rtO:Jt?hYtes ., s1.ne·e here tbe a rohe,g,onia 

he.ve va.ried orie ntation , and the e.mbryo alwa ys coincides 

with the archegonial axis . 

As already noted , tt, has been suggested t hat the 

tunetion of the suspensor 1.s to push the developing embryo 

deepe.r into the heart or the nourishing sametopbyt.io tissu0 . 

It is al o gt: ne,..ally assumed that the a bsence or a sus.pensor 

rep,..esents a phylogenet1o advance , in that the· primi tiva 
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tendency to filame ntous organ.i.zation does not obtain . Atten

tion has been drawn to tne well advanced embryos occupying a 

position nea.rer the archegonia l apex than is oustonmry . At 

a rel.a.t1vely advanoed stage· of embryoaic development, it the 

nucellus and gam.etophyte is opened at the proper location , 

t he coi led suspensor will be seen to spring out ot the 

embryo sao , showing it tG be normally under tension. Vlhere a 

sever ance has been made aeroas the prothallium, it .may be 

t hat thi s tension on the suspensor has bEJe.n lessened or 

removed , and that the suspensor has failed to push t.he embryo 

turtller dov1n 1a the pr·oth:a.ll1um. as it continued to grow lar&er . 

This suspensoria. l tension oould .eon.ee1vably ba a ltered eon

si<lerably i.n the procedure ., involv:tn~ the insertion ot the 

entire sporan-gium 1n. the medium. 'l'ne tl1rttay nueellus in i ts 

post-tett111zat1o.n. state would hnrdly conta-in the prothallium 

w1t.n the same rigidity as \Vould the horny integument. A 

seeond postulate., and a more likely one, is that 'the su.spensor 

has ceased to grow, onoe in the new environment . In this case 

t he result would be the same . The latter suggestion is support

ed by the rel a. ti 'ile absence ot euspensorial tissue in conne.etio.n 

wi th many less matu:t"e embryos t'ound h1gh up in the archegonial 

end . In any e"fent, lt would seem that the growth ot suspensor

ial tissue has been impeded by the treatment, and if so, there 



1s :reason to d.o bt the pbylo., enet1o 1 if'ic ·nee repr<1s nt d 

by the presence OJ.t ab.aeno ot a uspensor . 

'l'be f 1ls n.tou~ form ot tho embryo 1 ver·y prono\Ule d 

in this species, and ia !nt · itt d throughout th mbryoni·e 

Ci,eVel opme>.nt • laaartion in tlle a.rt1f1c1ttl EU1V1ronm.en,t ha s 

obviously tend d to di&.rupt the y ..etry or this ao• call$d 

primit ive s:p1.ndle . Ytrt, in the in•vitro envirotunent, the 

nutr1tat ia mo.r ·. evenly dispere~ed on all sides ot t .ll ,e bryo 

th ll fotmerly . This leevtla so1ne oubt as to tho utllant:1o1ty 

of· t.h$ a,ssw.nption t hat tha .spiudla. ts ret$1ne4 1n ·auoh torm.s 

tt gnfl , becaus · of' th aymm:atr1cal encom:pas.st4t!mt or wat\lilry 

.nut:r1e.n• a out the coll cbe1n , and that the .tila~ttontous ·ta.ge 

teJlds to b . pas.s$ over quickl y vneu thts ov n d1st.rilHlt1on 

no lo~er exist .. 

kJ1ttoe. t he subs.tttutett ttn•1ron.l1ent oreat o,s a ohan:se in 

nutrient di tributioA, t .ho taet that tbu embr yonic a.x 1s is 

cll~U'l:god or loses its id .nt1ty· entirely uude·r tt1e, new eond.itlona 

o ed upon it , lends ao.;e cr edenoG to the theory that the 

position o·f the nutr1etlt bulk is an portent r ~t .or in the 

es tat.llahm,ent of apindl, .Polal' :tty . ,_1her~ ie r es¢n to be.llevQ, 

therefore. that thi. ;polarity is not a phylc&,et et ic, b~t rath~r 

a ptlrysioloe,1cal co.na1darat.1on, eltoe :t lns.of ar tHl the all ottme.nt 

or nutrient t isc.u may be d6v loped thro1gb h r~d1ty . 

Tb.o SG'Voto roun.<ii.ng out, 1n tho t'orm of yotl.ng embry~a 

d~velop1:ng in .vitro, and. tb. _ l~s., tn.ark.a , but 1:m11 r attoot 

http:roun.<ii.ng
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produced in the more ma ture embryos , indicates that the fur

ther differentiation has advanced , the less is the gr owth 

pa ttern subj ect to env ironment . 

This rounded contour of cultured embryos , replacing 

the customa r y oblong parallel-sided shape , indicates a tend 

ency toward three-di mensional prolifera tion , in contrast to 

t he normal filamentous patt er n . The fact that t his radial 

development occurs only in the cultured tissue offers further 

evidence tha t the pa ttern of embr yonic development is largely 

governed by t he existing environmental cond it ions . Therefor e , 

it s e:ems r easonabl e to conclud e that the factors underlying 

t his gro,Nth pa tt ern are more physical or physiological t han 

phylogenet ic , although the physiological comp l exes of the 

environment may have phyl ogenetic significance . 

The peculiar radial or random development exemplified 
,, 

by groups. of in- vitro embr yos in relation to one another, 

spi ralling out in various directions without r ega r d for any 

axis , also suggest s a type of thr ee - di mensiona l growth . 

Presumably , t his phenomenon is also due to t he new environ

ment . It is possible t hat wit h 'unlimi ted' nutrim~nt lying all 

around, the line of propaga tion has no s ignif icance , since 

no one direction presents any growt h advant age . Pressur e 

factors could be oper a tiv e her e , a s in the cleavage exper 

iments with animal ova. The change in pr essure r ela tion

ships brought about by e ithe r prepara tion procedure could 

ao oouri.t for this unusual growth pa ttern . In any event , the 
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phenomenon seems entirely dua to physiological causes . 

'I1he cu.rvatures observed in these embryos , reminiscent 

of the sort of thing seen 1n Selasinella , but obvioualy aris

ing from some c use not attached t o thEl latter , indica tes 

some uncertainty €W to the validity of the theory unde.rlining 

adherence to the axis of the mature plant as a fncto.r in 

spindle polarity . Here we ha ve an m·b.ryo with a r educed 

suspensor, or v;ith no suspensor at all , obviously not tied 

to the archegonial axis . as ~V'idenced by its pecu_ i a.r or ient

ation, and yet a.isplay ing a marked curvature . This is similar 

to the situ.ation in ~Jala8inella , but here we cannot contribute 

the c rvature to an orientation to the axis or matur it y , '\ ith 

a suctor i a l root being sent out into the hoa.rt ot the nutrient 

supply . For whatever. reason t eoe a nbryos c'\re curved , there 

is no suggestion of a nything other t han physic 1 or physi ,olog

ioal oa 1sat ion.• 

Bm er' s suggestion t.ha t he axis of the embryo is 

tied to that t>f the archegonium by virtue of the susp o.aor 

tlnda some support in this inv est igation . The in- vit:ro 

treatment ha in many c sea destroyed any relationship between 

the t wo axes , but it has al ' O seerdngly reduced or in some 

eases apparently eliminated the dev lopment of suspensorial 

tissue , indicating that there is some connection bet een. 

suspensor1al development and orientat i on i n t e archegonial 
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a:ds . 

The free nuQlea t o state observed . and the oellulor 

proli:f'era t 1on within the archegonial vr,· 11 1s prime ev idenee· 

of true rad1 -1 or three- dimensional development in th" 

embr yogeny of a plant whieh, normally sho ~s id nlis tic avid

enoe of filamentous organir?..ation . This pattern is raro1niso

ent of the deve lopment o:f' some or the or e pr··mitive gyrrmo-

Coulter and Chambe:rlain. T.b.is demonstrates that thraa

dimensional g,r owtb can be induce-d at fertilization, elimin

ating or at leaf.lt · e.J..aying the formation of any t l am taus 

organization. It would seem, then , thnt fil Etmentou.s 'l'Owth 

is the result 
, 

of phys ical or phys io logical causes , al t hough 

these la.tter complexes ro y be passed o through heredity , 

and thereby have phylo• netic s1 :ifloanaa . l rth rmore , if 

pronounced und :r:etei.nad .filamentous organization i s e·videnoe 

of .rimitive less, it i"" peculiar that t he mor e primitive 

gyiiU:lospe.rms should abo l · ss viaenoe ot this d~velo}} ent 

th' n PLnu • 
·------~ 

Fr om the foregoing , it a .a b~ said that the issue of 

phylogenetic significance ot t he primi tive spindl e as a 

f uudalue,n.t al f actor underlying embryonic deve1opmeut aeenm to 

be somewbat in doubt . 

Polyemb ryony is common in Pinus . Since t here are 
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sevGral zygot es , each can undergo simple mb!ryogeny, and 

produce e group of frate r nal type embryos . In addition. to 

th i n oexual cm.bry·o initiation , one or rj_ore zygotes by under

going budding or oleli\vage at an earl y stage in ontogeny , oan 

1nitia te as .ex.unlly one Ol' mer · embryos or identical type , 

correspondi ng to ident i oa l twinni~1.S i n animals . 

There is a er~at deal of s imiltu: ity b1:1tl een the 

buddiug ontogany in gym.nos erms anCl. ·i n para.sitic insects ., 

as well as betv een otho.r :plant .s nd auimal~. This v'J.oulu 

indicate tl1at a common interpretation of Olligin of ·thia 

1.: sexual polye.m.b.ryony might be found , and some r e lationship 

should ~exis t betwe en the s1..mnlt' a nd bwlding embryogeny in 

plants and a nimals . 

The preval ent , and mos t widely aocepta({ i nterpre tation 

proposed by Buchholz , interpret s these di1'ferontly . In P.inus , 

since t he suspensory column is n1ade up of four seg.xne nts long• 

itud.1na lly ., four. enibryos from each zygote are potJsible . 

Buchholz r e.xa~eaents this a s exual pattern a.s the ore p.r imit ive . 

of the t wo in p ine , and the roreranne.t' or simple em.br yogany. 

In contrast to this, it i s genera lly accepted by investigators 

ot animal e·.robryology that the var 1ot:~.a :t'orms of budding have 

origine. t ed 1nd.ependently from simple , both i .n distantly and 

elosely rels.t ed tamilias. 'rhe Bucbbolz interpretat ion i:a 

based on the beli~f t hat the ase.x.ual pattern does not vnry 

with environment J e.nd that on a rnot p.b.ologioal basis . the i~ 



a.dv noes can be '"' r rang d in phylog ne t c s r ies . The a nimal 

embryologists , n the other hand, 'belie e th t t he twlnning 

i s a condit ioned r espons e , or one pr~pted entirely by env i r 

onm ntal corld it.'ons . Therero·e , any phylogenetic significa nce 

t l t raa be associated with thia would • of neceso ity , be in 

r elatio t o ' the hereditability of the environiJ'l..ent al conditions 

neoe·s sary to r ing it into expr ssion . 

The acceptol viewpoi nt in · nlmal budding i s the r.o·sult 

of much ex .r i m nt t i on . It has been demon trated that budd ing 

i s a latent express i on of many specif~ S w ic norma l ly reproduce 

by simple embr yogeny . It has also been demons t rat ed exper iment 

ally that 'this po t ential i ty may be .e l iminate d y speciali zat i on . 

~~hile t he re has been lit t l e e XJ?erimenta. work done · i th p l a nts , 

. B. Thomson suggests t at budding ontogeny i s also a lat e nt 

f e tur a 1 plant~ . 

No exporil ontal work ha . . been one by Buchholz i n 

support o tlli. s vi ow t at va 1ous fo.rms of erab.ryogeny ar e s o 

const nt under different .conclitions , a~ to have phylog..cnetio 

a igni t i canoe , nor has e r ef e r reii t9 any s u e suppor t ing toi' k 

by ot he r invest'gators . 

R. B. Thon:J..Bon cont ada t llat t he morphologi c 1 expr es s 

i on of any here ita.ry t eat re cannot be us 'd to deter mine the 

cour ae or phyl ogeny , unt.i t he ext ent of 1ts va ria.b i lity under 

different cond i t i ons has been de t er l ned and taken i nt o a ccount . 



s already indicate-d , the r esults of thi s 1.nveat

1gat1on indicate that 't he number or embryos b.as been enhanced 

by the i n-vitro pr ogramme. Sinoo there would be no reason 

tor an increase :I.n the simple . or s exual initia tion ; all 

archegoni a producing sexually i t he norma l environment once 

fertilized, this observed inore se ust be a dir ec t r ~sult 

ot more ume.rous c:leEnta .,·es . The fact that this a sexual t win

n ng has been stimul ated by the new envi'l'onm~nt gives i ndicat

ion that thi is a condition d res )onse. Thi experimental 

ov1aence t he. · cleavage embryogeny i s a laten ex re s i on in 

th i s speoies, casts doubt on the Buchho z belief' that the 

asexual i nitiot i o. was a f orerunner of the simple; o.r i ndeed 

t hat there is any phylogenetic signif'ioanee vhat soeve a soc

iatod with the polyenbryony 1n plants . 



Conclusions and s ummary 

It is concluded from this investigation that 1 . there 

is little it' a ny phylogenetic significance in the presence of 

.absence o.f a suspensor, $.ts abolition being a physiological 

response. 2. The position or the nutrient bulk is one ot 

the main , if not the chief .reason for spi ndle polarity. 

3 . There is much likelihood t 'hat the suspe·nsor i s somehow 

instrumenta l in the maintena nce of a fidelity be t vveen the 

axes or the s pindle and the archegon ium. . 4 . 'l'he reasons 

offered for curved e.mb.ryos , as found in some Pteridophytes, 

are,. whether correct or erroneous , quite hypothetical. 

5. The f'act that radia l or three - dimensional growth can be 

initiated at fertilization , and can also be imposed on la.ter 

sta tes to a greater or less er degree , depending on the extent 

of differentiation, sugges ts that there is reason to d.oubt 

tb.a t the primitive spindle has any phylogenetic significance 

in being a fundamental taotor underlying embryonic develop

ment in all plants. 6 . It i.s acknowledged that phylogenetic 

importance may be inferred insofar as the physica l or :physiol

ogical complexes bringing the phenomenon into ·expression are 

handed down , or developed tbrough heredity . 7. It is thought 

t hat, on the basis of thes e observations , asexual polyembryony 

in Pinus ha s no phylogenetic significance whatsoever, but is a 

34 
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physiological pr obl m., and probably represents 1 t ent 

exp.ress i an in . o t l ants . 



Plate I 




Plate II 
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Plate III 

Fig . 17 . - Section of archegonial jack t (from 
ar chegonium shown in Fig . 15) showing cell proliferat ion 
along it s length , a nd free nucleation among the three
dime nsiG>raa l growth . ag . aaox. In culture lu.ne 27-30. 

F i g . 18 . - Embryo showing signs of radial gro ·th . 
Mag . l OOX. I n culture July 20- 30 . 

Fig. l iJ . - Embryo with reversed polarity in the 
prothallial ape x . !ts ,form suggests the initiation of a 
cleavage near the bas e . Mag . 440X. In culture July 17- 27. 

Fig . 20. - Embryo in apex of embr yo sac. I t 
displays a slight curve and has a.n oblique axis . There 1s 
no evidence of s us pensory tissue. Mag . 200X. In culture 
July 20- 30. 

Fig . 21 . ... Section of archegonium (Fig . 11) .showi ng 
cell proliferat ion and tree nueleation within t he arch
egonial j acket. Mag.. 880X. In culture June 27-30 . 

Fig . 22 . - Two axial embryos showing signs of 
radial e,ro th. One embryo , somewhat spherical in shape , 
wi th polarity perpendicular to t he archegonial axis , and 
somewhat s pherical in .s hape , situat ed high in the pro
thallial apex . Mag. lOOX . In culture J uly 8-17. 

F i g . 23 . - Embryo with a l most reversed polarity 
showi ng thr ee-dimensional dev:e lopment. There is little 
evidenc e of suspensory tissue . Mag . 200X . In culture 
July 20-50. 



Plate III 
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Plate IV 


Fig. 24. • Embryo in prothallial a pex showing con 

siderable evidenc e 
cul t ure Aug . 2-10 . 

of r a.dial development. Jt a.g . lOOX. In 

!'ig . 25 . - (Embryo shown in Fig . 19). ] a g . l OOX. 
In culture July 18-27 . 

Fig . 26. .... ' bryo situated abnormally. hi gh in the 
embryo sac and showi ng signa of rad.i a l development. Ma g .• 
l OOX. I n culture July 17- 2 7 • . 

Fig . 27 . - Embryo with rev e rsed polarity in the 
prothallirl l a pex a nd showing s igns of rad i a l development . 
Ma g . 440X. · I n cu lture J'uly 14-22. 

Fig . 28 . - (Embryo depi c t ed in Fig . 27 .) 

F ig. 29 . - Well advanced embryo situa ted abnormally 
close to t he prothallial a.pex and s howi ng signs ot l imited 
three-dimensiona,). growth. Ma g .• toox. I n culture Aug . 2-14 ~ 

Flg . 30. ... Well advanced embryo showi ng normal form. 
This embr yo i s situa ted wel l away fr om t he apex of the 
embryo sao. f.:l!ag . 200X, Fixed. from the 1.a...vivo stat e Aug . 8. 



- -......, ~ 

·" 

./
50 


Plate JY 



44 

Pl ate V 

Fig . 31 . - Sect ion of base of a.r chegonium (see 
Fig. 11) showi ng r ad i a l cell pr ol iferat ion insi de t he 
archegonia l wal l. .1ag . 880 • In culture July 6-8. 

Fig . 32 . - Two embryos in t he protha llial apex 
snowi ng radia l form ~ Apex and base are poorly· defined. 
~ag~ 200X. I n culture July 24 - Aug . 5 . 

Fig . 33 . - Embry o of rounded torm with normal 
:polarity hut abnor mal locat ion . .Mag. lOOX. I n culture 
July 16-27. 

Fig . 34 . - Tvw e1>1bryos situated very h i gh in the 
prothal11al apex , nhowi ng thr-ee-dimensiona l growth , and 
forming a .radial pat t e rn i n their or ientat i on . ~ ag. lOOX 
In cultur July 12- 22 . 

J:i'ig . 35 . - Radia l form as disp layed by the orient
.... , ation of 't hree very young 6mbryos , arising almost certainly 

from sexual initiation . Ma g . IOOX. In culture , July 6- 10 . 

Fig . 3 8 . - Cu:rved. e.mbryo with part ia l ly r eve r s ed 
pola r i ty . {see Fig . 2 } ~g . lOOX. In culture July 15- 24 . 



Plate V 
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Pl a te VI 

F i g . 3 7 . - Embryo s h owi ng pronounced .r ad i a l 
developme nt . Ma g . lOOX. I n culture July 15 - 24 . 

Fig . 3&. - Spherical embryo exemplifying t hree
di~llensiona l g;.r owt b. . · Ma g . lOOX. In c.ult ure J'uly 17-29. 

F i g . 39 . - Well a dvance d embryo showing i nd ica t ion 
of r adi a l dev e l opme nt . Mitotic figures are vis .l bl e in the 
embryo . Mag . l OO.X . In cultur e Aug . 10- 20 . 

F i g . 4 0 . - G.roup of embr yos .(outlines of some 
visibl t:l only } d ispl a ying symrnetrical r adia l pr opaga tion 
in t he ir or i ent·t i on . },fag . 200X: . I n c ulture Jul y 1 0- 22 . 

Fig . 41 . - Curved ~mbryo with r evers ed pol arity . 
Mag . 200X: . I n oul t u.re July 17- 2'7. 

Fie, . 42 . .... 'rhree...dimonsiona l developme nt a s 
illustrated by spher ical embryo. Base and apex a r e poor ly 
defined . Mag . 200X . In culture July 15-20 . 

:i' i g . 43 . - Two a;xial embryos showi ng cust oma ry 
orient a tion 1n the norma l s t a t& . lJ!B. g . 1001 . lt'ixed from 
i n• vivo tissue July 20. 

http:oultu.re
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Plate VII 

Fig . 44 . - Cells from embryo showing mitotic 
figures . {see ·•1g. 39). l. · g . 880X. In culture ug . 10-20. 

ig . 45. - ~No embryos showi radial gro 1th and 
abnorma l axes. 

P1 1g. 46 . - Embryo with almost r ev· rs ed polar ity 
s howi ng radial development. ~,1S,g . lOOX. In culture July 
15-24. 

Fig . 47 . - Ax i al embryos showing normal orientation 
and form of developing embryos in-vivo. Meg . lOOX. Fixed 
.from !.!1-v ivo tissue J uly 16. 

li' ig. 48 . - La..rge embryo showing some rad i al growth 
and situa ted a bnori!lBlly near the ;prot ha l lial pex . \Aag . 200X 
In culture July 28 ... A:ug. 4. 

}tl i g . 4 9 . - .:mbryo wi th abaxial orienta'tio.n . showing 
r a dial development . :Mag . 440X . In oulture J"uly 22-28. 

Fig. 50. - Radial development ahow.n by spherical 
embryo. ltl8.g . lOOX. In cUlture July 11- 21 . 

Fig. 51 . - (see Fig . 46). Ma g . 440X . I n culture 
July 15-24. 
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Pla te· VIIl 

Fig . 1 . - Dra r>rin of well advanc oa. e.:nbryo grown 
in culture, situated in the p.robhallial apex, and show
ing s ome r adial development in it s :form. 

Fig . 2 . - Dr a i .ng ot i n- v ivo embr o shodng normal 
for m and locat ion in tho prothallium. 
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Plate VIII 
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Pla.te IX 

Fig. 3. - Composite dra ius of in-vitro tiss.ue 

sho in 1 three-dimensional gro~ tll exemplified by a 

spherioal embryo in the apical end ot the ~rothalllum . 

Another embryo shov.rs reversed polarity . 

Fig . 4. - Composite drawing ot cultured tisou:e 

shO\ving a large e bryo with rev rsed polarity, and some 

radial development in its torm. This embryo has luge 

mass to ba so high in the apical end or the embryo sac . 

A second spherical embryo is situated still higher in 

the apex. 
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Plate X 

Fig. 5 . - Composite d.ra ing showing group of 
embryos cultured in artif ici t::~ l mediu... , displaying varied 
axes , as well as signs of radial development in form. 
Their embr yonic m ss is abnor mal l y l~>rge for embryos 
in t heir :espective locations . 

Fig . e... Dr awing of tha normal situation in t he 
in- vi vo state, shovrlng embryos adhering to the aTchoe,on
i a l axis . 'l1his shows avera,ge situation in the pro thall
ium for embryos of these respective masses. 
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Plate X 
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Plate XI 


F'ig. 7. - Drawing of an. archegoniWll. t r om .in-vitro 
tissue , showing the location of the proli.farat1o.n ' within 
the jacket. a .... a.rchagonlal jnck:et · Of eom:paet cella 
with . stUl'dy cell walls. b.... thin..wallad, lar-ge ~eat• 
angular oell s growi11g inside t he archegonial jac.k.~et . · 

Fig . 8 . - Dra' ins of an arehegonium fro.0 1n- vltro 
tissue at a.n oorlif)r stage t .han Fig. 7.. a . ... large tree 
nuclei. b. - . a section ot the a.rehegonir.ll. jacket. 

http:a.rehegonir.ll
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