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THE TOTIPOTENCY OF CULTURED CARROT 
CELLS: EVIDENCE AND INTERPRETATIONS 

FROM SUCCESSIVE CYCLES OF 
GROWTH FROM PHLOEM CELLS 

BY F. C. STEWARD AND MARION 0. MAP ES 

Depart111c,1t of Botany, Cvmdl U11i11asity, Ithaca, N . Y., U.S.A . 

(Received for publkulion on April 2, 1963) 

Daucus carota L. is normally a biennial plant. The familiar ~to ragc 
root of its common cultivars is formed in the first cycle of its growth . 
After an appropriate period of dormancy and perennation a nowering 
shoot bears seeds formed in the second cycle of this biennial gro wth. 
And so successive life-cycles may be bridged by the formation of seed 
and viable embryos. As in many biennials temperature (exposure to 
5° C.) may promote, to some extent , the premature bolting of the flo wer 
ing shoot. In some instances the compounds known as gibberell in s 
may substitute for the effect of low temperatures on bolting (L ang. 
1957). 

Experiments into the culture of the secondary phloem from the 
storage root , and of free cells derived from it , have shown that thi s 
normal sequence or events may now be changed. Growl h may be 
induced in minute ex plants of the secondary phloem, cut so far from the 
cambium that they consist only of storage parenchyrna that normallv 
would not grow again. When the new growth, stimulated by a medium 
which contains coconut milk , occurs around a preformed cxpbnL rapid 
proliferation , without organization , is all that normally occurs. How 
ever, by appropriate devices , free cell suspensions can be obtained 
from the surface of these explants, and the cells so freed will c\iviclc when 
they are suspended in the liquid medium. Such cells give ri se to a wide 
range of growth forms which are not normally encountcr~d either i11 

the cultured explant or the tissue as it occurs normally in the plant bocl v. 
Two previously unknown responses have been noted with these cclfs. 
first, they have been maintained in long continued cultivntinn as suc
cessive liquid cultures, inoculated with freely-suspe nded cells in tl'. 1..' 
manner of transfer more familiar with micro-o rganisms. Sc1..·l)lldl\' . 
the free cell s grow into small clu sters \.Vhich readil y tHg~1ni1.c to t\-,r;-11 

roots and , with the formation or organized ~hoot tips , they form sm~tl\ 
"embryoicls '' f rom which w.h<?!e plants _l1t1ve been rai sed , T ltu ~ a v~ge
tativcly produced "_e111bryn1d , grown _I rom cultu1Td plilnl'.111 lCl\s 11 w y 
bridge two vegct ut,vc ~rowth cycles _111 the_ 1111111_111.:r 1wrm:1ll y attri
butable to the setting ol s1.:cd i111d tlti.: lornwt1u11 1.ll a 1.ygl) tic l'l\\bryo . 
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To the first obscrv.ition s of this kind may now be added further 
examples. Notably, i1 will be ~hown that plants bearing carrot roots 
can be grown from free cell s, as heretofore, but that from these storage 
root s. grown not from seed but from embryoicl s ucvcloped fr o m free 

1.:ell s. the whole process may be repeated. Thus, alth o ugh the periodic 
incidence of storage roots may repeatedly give ri se to the formation of 
tlowcrs which set seed , the continuing culture of the strain thro ugh 
s uccess ive "life-cycles " may be maintained through vegetatively deve
loped cmbryoid s which originate from cultured cell s, instead of from 
zygotes as in the usual way. The fact that thi s process may be repeated 
in yet another cycle of these events is still further evidence of the in
herent totipotcncy of the cultured phloem cells. Moreover , since geneti
call y "pure lines " of carrot are not normally feasible , thi s may be a 
technique by which they could be maintained indefinitely and inde
pendently of_ though concomitant with, the recurrent production of 
seed. 

The sequence described above may be represented by the fol lowing 
series of diagrams in Text-Fig. 1, which will serve as the background 
against which the new observations may be reported. 

This complete life-cycle of the carrot, which nevertheless bypasses 
sexual reproduction entirely, has now been traversed several times using 
different clones of material. These are arbitrarily numbered, as shown 
in Text-Fig. 2, and summarized as follows: 

Clone /-1.-This was derived from a strain of carrot that had been 
used for purposes of routine assay of the growth factors in coconut 

· milk and by chance it furnished the first cell cultures which were grown 
freely suspended in the liquid medium. The cytology of the " pa...,rent · , 
carrot root was not known. This clone was noteworthy , however. 
b~cause the freely-cultured cells retained their totipotency and abilit y 
to reconstitute whole plants through many (approximately 30) sub
cultures and a long period of separate cultivation (3 years). Photo
graphs of this first cultured plant, with a small but distinctly orange
colored tap root , were ta~en and reported by ~teward et al. (1958 a). 
The storage root w~s sectioned for pho~ographmg and later preserved 
in alcohol. No denved cultures from this specimen were established. 

Clone I- 2. - Several other plantlets derived from Clone l were also 
used to repeat the whole cycl~. The objective here was to obtain man y 
plants from one cell su .:; pens1on to see whether they were constant in 
their morphology . Two_ of the older plants (designated Clone 1- 2 
and Clone 1- 3) were carried through to mature plants bearino intlorcs
ccnccs. Cl one 1- 2 is o f particular interest as it was the ti;--t plant. 
cultur<.;d fr o m cL:ll s, tha t wa s successfully grown to the flowl!rin~, s tag~ 
(Plate I , Fig. I a h) a nd also ~l?ccausc cell c~illurcs were again ~tl\rt~d 
from the slorng_<.; root (Pia le I, 1~1g. I c) tu begin a 1tC\.V cycle . Although 
the cytology of the parent stock was unknown. lhl: <.:hron1oso111c inirn
bcr of this recon stit.ut1.:d plant wa s dctcr111i11cd by Dr. J . Mitra as that 
of a normal diploid (211 · 18). 
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l 
1.J ~ 1~ J- ) - 1· 1 1·1111, .• 1:r• ll ,u[t.11rr• n frr'tro l'lmb r'f On nu,i l.r, cultllrr: 

l [ ·, I I _ I -· 1·,•11 , 11 11 11 r, , 1, r rrnri 1,hlt,,:m r, <M I n ,ultur•, . ('~,, . - . .. I! '.:-

1:1,)1, c n 
(Hl'J :.o ' rl cn , 2n • 

. s~ ✓,: 
I A) ----............. ----, ' ~ J i' .J 

rJone 11 - 1 C l o m : 'f.1- 2 Cl <J nC lI· J r; l onc ·, [I- l, , ', , r,, c u . 

(MIT-1 p l.1nl, (MtT · l. - l) (MlT - 1- J ) (MIT ·L -t,, d c .J 

: :i • 18) 

l b 
rt one Il · l - I 
(M1T -2 p l .m l, ________ _ 

2n ,. 18 ) 

l 7 
Cl one 11 · I · I - 1 umb . 
(l-1IT · J p L,n L g r o1m fro1n cinhr yo ) 

1 
Cl o ne ll · l·l-1 ph. 
(MlT • J fro.:c: cc:ll s trorn 

ts 
Cl one II - 1-l ·l c:111 ,. L.i llu s 
(l-1IT · J embry o l J J lu :, ur igin) 

phloem) 

l 
Cl o ne Il -L -1- 2 cmb.) 
Cl on c lI · l · I · ) cm b . ) 
Clone ll-1-l -4 emb.) 
Clone ll-l·l ·J cmb .) 

f re e cell, 
f rom 
er.ibryo:, 

1 
rir ~ L l Cdl t ultur c to deve lop .:i n or gu nizecl t.:ip root (l'llncr. Jour. Bo t . 4 5 : p. 706). 

2 Fir ~ t cc:1 1 cu l Lu re to develop lnto pl.mt 1-1ith lnflorc sc un c c:. (Referred t o ln 
Fig. 3J •d,) 

J ~1..:c ond pl .:i nt from <. el i t> to prouu co Hn inflor c 1h: cncc: , 
4 

/u1o chc, r g r01vLh cyc le fr om ph! oc1n cc l L, lo u<llng to p l .:i nt 1/lth lnflorc sccnu: (Flg . lh). 
'., PLint :, t, row n f rom eel. l s from phl ucru ux pl ont i; •· kn ow n ~y t o l ogy (Fig . 4 e ). 6 P l ,1nL S r.; i.bl! d ;rom cc ll H to ni11turlty . Pl..mt u s e d t o tl t.trt .i new growth cy d e 

7 
_: fro m ph l oem .Jnd e;~hryo cell. ti ( P ig. l1f), 
7.y go tl ( 1.: 1111> r yo from rnl i;c d to m.iL u rn p l an t (f' lr; . t, i:: ), 

)j l) 11 l>ryold & lr orn u ,Jiu n ero\./n fr o111 tht.: u1nL,ry o cultu ro ul 7 ( fig. 1,h and l) . 

T1x 1-r1u. 2. Nomenclature or doncs undor inwstigutivn. 

111 orucr lo establish a cell culture from thi s ·dcri v~·d pbnt ut' 
Clone I -2_ (Plate I , 1-'i g. I a d) , sn1all cxplants (J · 5 111 g) frorn _rhe 
phloL:tn ol lhc st.oru g(;. mot were 11 ga in grown in Whik \ b,1 s:il 1ncd1~11n 
1., urrlcmcnt cd witl1 cocnn11t 111il~ ( 10% by Vl)lurnc) . Th1..·s~ w<:r~ llrst 
gruwn in cu lture tubes on .l11ne JO. 19~9 a11d wcr~ lakr tran :-frrrl!J l o 
large fla ),, k..; with 250 nil llf the n11.: di11111 tu 11bl:1i11 :1 lari;~ r population of 
l'rccly-s 11 spcndcd ce ll s ( Plate I, Fi g. I <'). Tru11sfcrs of Lhl: fulJtc<l du s
t.er~ were llHt Lk to agn r tubes i.: 011t11i11i11 g l'Ul:unut rnilk 111cdiu111 :111d the 
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tubes were kept stationary in the culture room. Shoots with typical 

carrot leaves appeared after a few months (Plate I, Fig. 1 g). The 

plantlets ,verc maintained in stock culture nnd transferred to a fresh aga r 

medi~1m .when needed. The pla Ills were la tcr (fall of 1961) grown in 

verm1cuhte and, when older, transferred to so il in the greenhouse . 

During this period the plants were nouri shed occasionally with Hoag

land's so lution. ln J a nuary l963 , when the storage root wa s well deve

loped, the plant produced a flowering s talk (Plate l, Fig. I h) , This 

shift to the flowering stage without a ny pri o r cold treatment or vernal

ization has been noted , and , although the fir s t plants flowered coincident 

with the ~owering of the wild carrot (Daucus carola) . the plants did so 

only after the large storage root was formed. 

Clone I / - 1. - This strain was established from a carrot root of pre

cisely known origin and of determined cytology. A garden variety 

(Nantes) was selected for this study, and the plant used and the cell 

cultures derived from it were arbitrarily designated MIT- 1. Cultures 

were started ou October 23, 1958 from the phloem tissue which was 

explanted at a distance of 1-2 mm from the cambium. Free cells 

( Plate II, Fig. 2 a) and cell clusters were obtained in the usual manner 

and their cytology studied and reported (Mitra et al., 1960). --. 

The first visible root from a cell cluster was observed on February 

3= 1959. When the cultures grown from free cells began to show some 

large cell clusters, one of the flasks was placed in total darkness in the 

cold room (4-5° C.) on March 5, 1959. After a period of 5 months 

the flask was brought out for examination and the cell clusters showed 

abundant roots (Plate II , Fig. 2 c). From this flask and from several 

others rotated on the wheels of the culture apparatus (cf Steward 

and Shantz, 1956), about JOO of the rooted clusters were transferred to 

a semi-solid medium containing 2%, 5% or 10% coconut milk on August 

26, 1959. The first shoots were noticed in cultures grown in 2% or 5;~ 

coconut milk. Some of the cultures transferred to the medium which 

contained 10% coconut milk continued to proliferate. The plants grew 

slowly, and as they outgrew the tubes and flasks they were transferred, 

as required , to vermiculite in the greenhouse. 

At least 100 plants were grown in the laboratory and greenhouse 

in order to record a ny variations in gross anatomy and chromosome 

complement. Thus far the chromosome numbers of the organized roots 

grown from cultured cells have all been of normal diploid number 

(2n = 18), similar to that in the original ce lls from which the cultures 

were grown in the first place. Pla te 11 , Fig. 2 e shows a n assortment 

of cultured plants, 7ro m older ones s howin g inllor~sccnces and the 

newly tran splanted ones from ag~1r_. Probably ~lue to lack of acti v~ 

pollination under greenhouse co nd1t1ons, o nly a few flowers per umbel 

developed seeds. 

Clone /1- 1- J .- - Thi s strain of cells was established from the carrot 

storage roots grown at the e nd of the lirst growth cycle of one of the 

reconstituted plant s of MIT- I (Clone 11- 1) .is these were raised from 

M 16 
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cells. This strain was designated MJT- 2 in the la borato ry record . It 

will b~ shown that whole plants, carrot storage roots, and, in the second 

cycle of growth , an infl orescence bearing viable zygo ti c embryos have 

all b.; l! n grown from the free cells of this strain. Therefore , starting with 

a curot r0ot of know11 origin and of defined cyto logy the comple te 

" life-cyc le", illustrated in the diagram (Text-Fig. I) hac; twice been 

·;1rri.:d c0mpletely through. Thus vegetatively produced embryoids 

gro..v.1 from f.'cl.!-c cll sur,p--:nsions have twice linked successive " life

cy..:les '' of the c:irrot plant in the m:tnner normally achieved by ferti

liz :i tion and seed form ation . When the plants so grown form flowers 

th.!y also bear viable embryos. There can, therefo re , be no doubt that 

t.11! cultured c.:irrot phloem cells which linked one" generation " of carrot 

ta an oth-!r rct:iined the full totipotency equivalent to that in a zygote . 

The evidence upon which these statements are based is as follows. 

In M1rch 1959 one of the first rooted clusters from the celJ c-ulture of 

MIT-l (Clone Il-1) w..is transferred to a semi-solid medium containing 

co.;onut milk. Applying the now usual procedure for growing freel y• 

susp..!nded cells and cell clusters, the rooted cluster and eventually the 

plantl~t derived from it was transferred to vermiculite and then to soil 

undl!r gre~nhouse conditions. In September 1960 cell cultures (Plate JI , 

Fig. 2b ) w~re started from the storage root and maintained in stock 

as MLf-2 (i.e., Clone II-1-1). Again when the cell clusters showed 

roots and later typical carrot shoots (Plate 11, Fig. 2 d), one of the plant

lets was transferred to vermiculite and nourished with Hoagland 's 

solution until it could be grown in soil in the greenhouse. In June 

1962 the first flowers opened and the flowering period continued through 

the summer (Plate II, Fig. 2f). 

Clone //-1-1-1.-0n September 21, 1962 several seeds from a 

plant in flower (Clone II-1-1), mentioned above and shown in Plate II, 

Fig. 2 f, w~re brought into the laboratory for examination. The fertile 

s ~~ds in the umbel that were swollen and larger -than the rest were 

ecised a,eptically for transplanting the embryos to agar plates con

t-.1i11ing co~onut milk. The embryos developed roots and shoots in 

th..: nJrmal m..rnner and produced normal-appearing plants which were 

d;,ignat\!d MlT-3 (i.e., Clone 11-1-1-1 emb.). One of them is shown 

in Ptate II, Fig. 2 g. Thus another cycle from cultured root, to freely

susp~nd~d ci:lls, to organized clusters and eventually to a plant in flower 

and b0aring normal seeds has been completed; in this clone, therefore, 

two full "life-cycles" have been completed. 

A recent and particularly interesting cleveJopment is as follows. 

EmJryos, such as those borne on the plant (Clone 11- 1- 1, Place I~. 

Pig. 2/) w11ich was itself grown from free cells , ca,~ give rise_ to u pr<:>ll

ferating culture when they arc grown aseptically 1~ u ~1cd1_um wh1cb 

contai ns coconut milk . These embryo cultures readily gi ve ri se to ce ll s 

and these seem to form embryoids with rcmarkabk case. In fact , as 

they, do this, heart-shaped and torpod o-~ tugc cmbryoids (Piute 11. 

Fig. 2 h a,;id i), inc.Ji stinguislrnblc from those that develop from zygotes. 

have been sct:n. 

.. , -C,:1 
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DISCUSSION 

The results here described represent the fulfilment of Haberlandt's vis ion of rnising hi gher pla nts from ce ll s. In Braun 's experiments with tobacco tumors another example is to be see n (Braun , 19 58) . Single cell s of tum orous origin were grown into small clusters which we re then grafted on the decapitated shoots of nor ma l plants. By repeated grafts the ti ssues which originated from tumorous cells retraced their development fro m the tum oro us state until they cou ld give rise again to a normal shoot. This only occurred under some environmental conditions contributed by the normal plant. In the case of carro1 the conversion of free cells of adult origin to embryoids requires fir st a mea sure of freedom from any of the restrictions superimposed by organic contact with preformed and differentiated ti ss ue, and secondly it requires the nearest equivalent of the biochemical environment of a zygote. Under these circumstances any diploid carrot cell is potentiall y totipotent and can behave like a zygote. The paralleli ~m with em bryogeny is close because, enroute from carrot cell to carrot plants, embryoids are formed (cf. Fig. 6 of Steward and Mohan Ram , 1961 ). The data here reported show that plants grown from embryoids oFigj nating from cells are normal in every respect and the growth cycle of the carrot plant may be repeatedly passed through without the intervention of seeds. Moreover the early stages of development in the vegetatively · produced embryoids resemble key stages in normal embryogeny. 

While the totipotency is present in any cell, its full expression it evoked more easily if the cell has access to a medium which is_ as is were, "conditioned" by the su.bstances released from other growing cells. Unpublished work of this laboratory shows that free cells , spread thinly on an agar medium like bacteria 1 spring into growth more readily if, over and above the coconut milk in the medium, they are in the near proximity of some previously cultured explants. This shows that a vigorously growing colony of carrot cells will release to the medium something which is even more potent than is coconut milk itself ( work of Blakely with Steward). However, it is now very clear that the conditions under which cells divide most rapidly (i. e., when they are attached to an exi sting piece of explanted ti ss ue) are not those best for thei r morphogenetic development si nce thi s occurs when the y can be grown free, albeit at a slower rate. Thus the environment of the cultured explant superimposes some controls or limitati ons upon the ot herwise 
totipotent cell. 

One might suppose that the ce ll s which grow so freel y into plan ts have been changed fund a mentally (c . .i-: .. cy tologi~nlly) fr1.1m th1."S~ thnt existed in the carro l plant fr om which they wcr~ derived. Whik this may yet be so, in detail , all the .cvidc~1ce is~ against thi s. Cyto logical examination of c.:ar rot pl a nts donveJ 1ro111 lru~ cdls always shows (at I.east as yet) that tlicy arc nonnul diploid s (2n - 18) und no visi ble morphological variations exist butwee11_ thl'll! · This is the more surpri sing beca use different dunes or slrn111 s ~.)1 ce lls. cultur~d from free 

• 
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244 P. C. STEWARD AND MARION 0 . MAPES 

cells , do show spontaneous va ri ation s (Steward et al. , 1958 b). Pre

sum ably the va ri ants are not viable enough as organized structures to 

be raised to whole plants by existing meth ods. 

On thi s point of vari ation in the cultured cells it is signi fica nt that 

by long culti va tion a stra in of free cells (which originated from M lT- 1, 

i. e., Clone II) has tended to lose it s ability to organi ze a lthough not 

its ability to grow freely. Thi s change has occurred after 14 months 

a nd 12 transfers , for thi s strain only occas ionally produces roots and 

forms sboots with even greater difficulty . Jl may well be that the condi 

tions of long cultivation tend to select some aberrant or less than toti

potent cell s. However, if one passes the organism through the vege

tati ve cycle shown in Text-Fig. J, it seems that the free cell s derived 

from the storage organ in each successive vegetative cycle do retain 

their full totipotency. 

Two other possibilities suggest themselves. The free cells that 

are derived from different tissues and organs that have already d i.ffer

entia.ted , such as pith, cambium, cortex, xylem parenchyma, phloem 

parenchyma of root or shoo( etc. , may reveal their genetic totipotency 

with greater or less difficulty according to the tightness of the control 

which their differentiation imposed upon them. Although this poin t 

is under investigation, data cannot yet be given. A corollary is, how

ever, that cell cultures derived from embryos, particularly immature 

embryos, might well be an exceptionally free source of totipo1en t cells 

that will grow, via embryoids, into plants. The first culture of thi s 

sort which was examined was one derived from tobacco (Nico tiana 

rustica) embryo and supplied by Dr. Mohan Ram of the Universi ty 

of Delhi'. India. Although this culture has grown as a free-cell culture, 

under our conditions: with great vigor it has failed to organize, possibl y 

because of its long history in culture. It is, therefore, of great signi

ficance that a .free-cell culture from carrot embryos ( or plants also grown 

from cells) does readily organize and grow (see Text-Fig. I and Plate II , 

Fig. 2 hand i). Furthermore '. the comparative ability of the wild Daucus 

carota, unmodified by breeding, to exhibit these morphogenetic 

responses in its various cells is also being investigated. 

Now that one can produce embryoids from free cells of vegetati, e 

origin, another intriguing possibility exists. If by en vironmental or 

growth substance treatment the minute embryoids could be ve rnalized , 

the normal biennial growth cycle of the carrot could be by-passed. This 

has, as yet , only been subjected to preliminary tes ts. 

This work clea rly rai ses some profound problems with res p~c t to 

the controls which musl exi sf to limit or determine the full expression 

of the genetic tolipotcncy which is clea rly inhcrc11t in any di ploid ca rrot 

cell. Alth ough thi s poinl is made here with res pec t 10 morphogenetic 

expression it co uld be ma de with equal effect in 1cr111 s of biochemical 

and metabolic chara cti.;ri !:i lics . The different organs, deri ved ultimatel y 

from free cells, have difTcrcnf biuchcmirnl compos it ion and metaboli sm· . 

• 

• \ 
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A current view is that there are mechanisms which in effect •• turn 

on or ~ff" the action of specific genes, or groups of genes . Some believe that lustones play a part in this respect (Gifford and Tepper , 1962; Hu~ng and Bonner , 1962). Some also regard it as an adequate explanat!on .to attribute this role to particular parts of the genetic machinery which 111 effect act as the controls that determine whelher certain genes are active or quiescent. Whatever the machinery , however , the facts of plant development require that both environment. and exogenous growth substances must Jiave access to the centers where these controls operate. In fact, a feasible but a s yet unproven explanation is that the growth-regulating substances which evoke cell division, promote cell enlargement and control morphogenesis may activate particular a~e.as of the genetic apparatus. Unfortunately we cannot yet assodate v1s1ble areas of activity along plant chromosomes with known stages of morphogenetic development in the manner that has been so dramatically possible in the salivary gland chromosome of certain in sect larvae (Breuer and Pavan, 1955). These visible effects on the chromosome, as s~own by the now well-known ''puffs'\ are evidence enough of ac1 iv1ty evoked by, or concomitant with, some developmental stimuli. In plants, similarly localized activity on the chromosomes may not be accompanied by the same degree of visible expression; even so it may exist. 

On these views one could regard a given morphogenetic stimulus as the cause of a temporary release of some particular form of RNA which would make its imbalanced impact upon metabolism and 
development. 

It would have been a happy outcome of the work on the coconut milk stimulus to cell division and morphogenesis if cells synthesi.2ed different RNA's in their activated and quiescent states. So far as present data in this laboratory go, this is unlikely to be so. (The base ratios of the RNA from quiescent and activated cells do not seem to be different.) Moreover, even in a complete basal medium, unsupplemented by coconut milk, cells which do not divide synthesize RNA to a high content per cell. It seems, however, that the RNA so synthesized cannot be effective as a template for synthesis and thus lead on to cell division and growth. What the coconut milk growth factors do is to allow the RNA so made to become effective in synthesis, growth 
and the division of cells. Thus there is. here an ar_ea i~1 which exo~enous 
growth-regulating s_ubst_an~es may, without activ~tmg genes d~rectly , nevertheless determme mdirectly the extent of their effect. This may 
be so inasmuch as they control the dewee to which the ~N~' ~ which the genes produce will affect ~eta~ohsm .. . ~onver~ely, _m~11b1tors of growth factors, like the factors m d1ff~rentiat1011 which hm1~ morphogenetic expression, may not exert their offc_ct upon th~ act!on ot the genes directly, so much as upo_n the e~press1on of the RNA s through 
which the genes normally mediate the1r effect. 

Thus, although the totipoten~y of single diploi? can:ot_ cells is now 
amply demonstrated

1 
the bi9chetrncal means by which tlus 1s controlled 

• 

• 
• • • 
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and constrained during differentiation is now a more pressing problem 

than ever. 
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f XPLANA TION OF PLATES I AND II 

PLATE I 

FJG. J. Sequence of events from the Clone 1-2 plant (i.e., in the first vegetative cycle 

V 1), which was grown from freely-suspended cells ai:id cell clusters, culmi

nating in a plant of a second cyc_le (V ?) beanng an inflorescence. 

a. Plant let gro~n from cell cl~ster derived frc m free cells, gro\., n in agar 

medium containing coconut rmlk; b. Plantier sho-.,n a t (a) transfrrred 

to vermiculite and gro~-n in the greenhouse; c and d. 1 he ~rrrt· at 

maturity showing a massive root system at (c) and inflorescence a t (d) ; 

e. Freely-suspended cells grown from the phloem explants taken from 

the tap root s_hown at (~) ~ f Cell clust~rs \.vith roots grown in flask in 

a J iquid medium contammg coco~ut milk; g. Plant kt derived from 

an organized cell cluster grown m agar; h. Flo,,cring carrot pln.nt 

derived from the p)antlet shown at (g). 

PLAT[l II 

P10 . 2. Sequence of events from free cells, originnting from till' phloem of carrot 

with known c:y10Jogy (211 • 18) to orgnniud pl11nts. C lonl· ll Sl'ries. 

a. Freely-suspended cel ls from thu tup root (phlom1) o f Clone H- l 

( M rr-t plan I) ; /J . Fn.:ely-s uspcndtd l'.l'lls from I hi: tap rou , (ph loc:m) 

of C lone JI-J-1 (MIT-2 plan1); c. Abu11dunt n.Hits f<m11cd in cell <:: l,1sllT$ 
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from the Clone 11 free-cell cluster after growth in the dark and at low temperature (5° C.) for 5 months; d. Plantlet from an organized cell duster derived from (b); e. Population of Clone 11-1 (MlT-1 plants) of different ages and grown from free cells derived from phloem explants of Clone 11 plant; f Clone 11-1-1 (MIT-2) plant grown from free cells derived from phloem explants of Clone 11-1 (MIT-I) plant; g. A carrot plant (MIT-3) grown from an embryo taken from a ~oung seed on an umbel of a Clone ll-1-1 plant, shown at (/); h and i. Heart-shaped (Ii) and torpedo-shaped (i) embryoids among the proliferating embryo cells derived from Clone Il-1-1-1 em.b. (MlT-3) J iquid culture containing coconut milk. 
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