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A GENETIC APPROACH TO DEVELOPMENT
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Fig. 2. The reladonship of granuic cell number w Purkinje cell number in cerebellar
cortex. The filled circles represent daw from counts of Purkinje and granule ceils in half
cerebella of C57BL/6-5g/sg+—++/+chimeras. The Purkinje cell counts (X-axis) are ex-
pressed x 10%; the granule cell counts (Y-axis) arc cxg_r_iu_sed x 10~%. The open symbols
represent similar counts in four different non-chimeric inbred strains of mouse and their Fy
hybrids. The solid line is the least-squares-fit of the wild-type counts only. Note how well this
fits the staggerer data, Thus, both types of animals support, the conclusion that the granule
cell population in cerebellum has a strict numerical matching relationship with the Purkinje
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FIGURE 4. Normally occurring ncuronal death in difjeren: parts of the embryonic
neroous system in the chick. (A) Lateral motor coiumn of the spingl cord; (B) ciliary
ganglion; (C) trocklear nucleus in the brain stem. Hamilton—Haméurger stages and days
of incubution arc indicated below each graph. In eack sustemm & massioe loss of neurons

occurs in early embryonic life. (A after Hamburger, 1575; B after Landmesser and Pilar,
1874b; C after Cowan and Wenger, 1967.)
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Possible tests of the model, such as a transient bimodality in
the cell population, are briefly discussed, together with rela-
tions with other models.
THE RANDOM DISTRIBUTION OF GROWTH IN THE POPULATION

GROWTH AND DEATH TN EVEN-AGED MONOCULTURES : We present now the gquantitative aspects of the model. We assume

Even-aged plant monocultures include forest crops or annual that the growth of the members of the even-aged menoculture can be

plants, well managed and studied for their economic value, for e- described by the time dependence of an important paramcter, say

xample for the needs of the newspapers industry. Extensive rf(t). In the case of plants it is assumed to be the Tadius of the

measurements of plant parameters (heignt, girth, welght, ete) are crown; for the cells it can be the soma radius or the axon lenght

quite easy to obtain, together with their frequency distribution.

A striking result, recently evidenced by mo&amu is the development

or the lateral dimension of the synaptic field. It could be also
a non merphological parameter.

of bimodal frequency distributions of the plant parameters; the For semplicity it is assumed that the vigour v will affect the

appearance of the bimodality is then followed by a high mortality growth as a multiplicative factor, so that different members of

the population will grow with the different time dependence!
finally agaln unimodal. (1) r{t)=vR(1)

of the plants (of the order of 50%), the distribution becoming

The phenomenon 18 explained as & consequence of interaction bet- The v values are assumed to have a random distribution with den-

ween the plants and has been quantitatively described by empirical sity f(v). Gates takes for £(v) a rectangular distribution and

equations fitted to data or through models of interactions simula- this, together with the sharp boundaries of the interference Jdoma-

ted on computers. We will follow the more analytical approach de-

veloped by omﬁmmm.

ins, makes the calculations in some way cumbersome. We prefer, for

analytical advantages, to assume a gaussian distribution:

Assuming a random distribution of vigour in the population, an ) 1 ( "
e i . , 2 = ~(v =1}y 2
initial phase of the growth will not be much affected by mutual 1in (2} £(v) R € 2v WV >0

terference and the frequency distribution of height or weight will
. . . . : is 5% 1 5 alistic assumption. Taking the mean
be unimodal. Later the interference will become important and for that is possibly alse a more realistic assumptio &

: . . . B v=1 i ans is average 1 of growth of the
a pair of adjacent members of the population the more Vigourous value V=1 it means that R(t) is the averag ow £

. - - . e .
. . s . at . é we o should be quite
one will damage the less vigourous 1in increasing way. In the plant population (without interference). The variance i a

case, the dominant member of the pair will overtop the other, sha~- swail, for example 1n the range 0.01 to 0.05.
dowing it with its crown and reducing in this way its share of THE | NTERFERENCE MECHANISM

light; analogous effects can come from interroot competrition. In The next point to discuss is the mechanism ol interference. 1f

this phase the growth of the dominated members will be reduced,con two members, say I and 2, have their centersat the distance a(see

tributing to the secendary peak of the freguency distribution. When Fig. 1), it is assumed that if Tyt <a they will grow unaffected,

. R L .
the difference of growth reaches a critical value (complete "over without interference. When ry+T,» 8, the two elements start to

s " H - " 1t 3 - - -
topping"), the dominated member "degenerate" and, followlng a pha interfere, the more vigourous member of the pair damaging the less

se of sudden high mortality, the population returns unimodal. It vigourous one. Furthermore, when the difference in growth reaches

will be finally composed only by the dominating members, that af- the final value a or is larger:
(3} qunqmv\m
the second member is completely dominated and dJegenervutes.

tep surviving the competition, will complete their growth.
t is quite easy to translate the previocus description to the
case of cell competition. One can for example take in consideration

axonal growth or/and synaptic field expansion.

|
!
{
J
|

- Yy ¥ “xxE E¥E3



TUTEIQO 3M (g) Wwolj oarojalsyl ‘Aep yip] syl paysear st yead ayg
CARD LT ]=1 3138 amMm {01) woay aiojyaaayl
Xeu, 1p

[-A€P VIT = | _fep (/- mlv

dp
:sT (uotrieqnour jJo Aep Yij] Syl wouij suw
-13 Futiunos) onpmv S)JIET) PUB UEBMO) JY) WOIJ PIIBWIIS2 Se ‘sSnoid
-nu >131do-ouylst syl 103 2jed A3rrRiIIOW IYl Jo aniea 1saydry ayg
VIVO TYNOLIVAMIASHO HLIM NUSIMVJIWOD

flusasfyIp

1ou £[1ETIU3553 sI|nsaL oAl SUOTINGTIISIP OM1 Yl JEY) 2935 upd auy
TAJo uorangriisip ieinduelssr B jo 9sE3 Yyl uT s3[nsal oyl 1oy
-3803 2a1d am uosriedwos 104 - Pg/e sasreuweied ayl jo senfeva jual
-23)Ip 107 ﬁu_mm £3111qeqoxd [eaTAINS 23Ul pajuosaidsr st 7 *Brg ujp

Xeu
F) _ 2 b TS = A.quv ::u
Zve T 1 [ Uap
sT yead Airrelsow oyy pue
Z XBu
awg up a2 =00 (5)

uInIYo

Xe

om (g) pue (9) woig - Ep outy 1e Aeod B ssysear aiei A1T1TelI0W Ay

132 9 = (3l (8)

"MEL TRTIusuodXd ue axel om sseyd uoryiiod

wod ayz 104 *{3)y yimoid 70 me[ adelaae syl Ayioads isnu auo ‘aurry
uo ALirprqeqoad [eATAINS 343 jyo asuspuadap 3ior1dxa Syl ulelqo oJ

w s .

& o b Loa)Yye1201) 5y ()
Aq uaard

uayy st A3rrryeyord [eATAIng ayp ‘UGTIDUN} X0LID AYI SI X Jio alaym

(31407
)

jas & - mugaﬁ_ (9}

{xTpuaddy sas) asurriea TlERWS AT3AT1E[SL Jo ased ay) 10}

‘aatiap uwvdy auo (z) UOTINQELISTP umrssned ayy (g) ur Juronpoiu|
s B4
pt A a
(“ays(ta)g ;&Nz,\ ()" (s)
@ ]

66¥

PIBUY SUTBIGO JUD () woug * Em Aq PalEITpUT AQ [[IM 3
SUWLY 1E pe3p aq ITIM 1T 3eyi Lirfrqeqoad syz ‘=3 w1l 1B jussaxd
1132 B 104 .Hm>um.ﬁH>um 1onpoxd ay3 Ardwis st L3isuap Air11qeqoId
wutol ayy ‘Ayiuopuadspur wayey saniea aze a pue 9% 1eyl Sutunssy

(1)
e * N>AH> (v)

usym 1o
e< (3)yba - (3)yla
uaym sasjprauad
=3P 7 1192 1BY]l SOATIApP suo (g) pue ([) woxyg *paiedipur Arsnotaard
WIog STiewWayss sy3i ut uotieyndod oyl 103 siea AlTTellow ay3 aienjea
=9 03 SIATISINO ITWIT am ‘A3r{epourq ayj alay BurssnosIp 3noyiTH
THIVE ALTTVLHOW HHL

T3INIINU-3ANIEU 3IndSIp Syl jo ased [rioads e se 9SLIv 01 paMIIA

29 UED SarlTIqrssod oMl YL *9s®BD [18d ayl A0J as alow Aluteiasos
pue sainitnioucw juerd yo ssses suwos 10y Apeaiye PTIBA ST UDTIEA
~43540 STYl *mo1d Aoy3 yotym ut 1UBUUOITAUSOLDTU 3Y3 UL PUT] UOTIE]
-ndod ay3 yo sisquouw ayy leyl sodelueapesip 1o safejumape juapuadap
-¢1 riews Auew Jo 3[nsal ayy Bursssadxe 10313Bf B 3q ued 1] °*Iojdej
pautuialep L7TE3T10U38 Teal e 9q 01 j0uspadu A anodra, ayi eyl
ino jutod apy .mmuonsea pateuTWOpP Aryeriaed ayl Aq painqrijuos yead
Liepuodas ay3l ‘UOTINQTIISTP ayl ut A311TRpOWITYy ® sMoys uortimpndod
343y dsueuiwep feryaed jJo aseyd ojerpauiaiur ayy Ul * (pamopeys pue
paddojiaac A1s31a7dwos aq LITM suo xarpeus syl osed juerd ayy uj)

raelriadwos aayeem ayz Ajuo Futfewep st eaxe IDUAIIJAIIUTL Y]
TOUD ISTTRWS T 13A0 1oquaw 13BiBY B JO SDURMTWOP [ET11leg ‘1 cdtg

<

86F



500

—— @Gaussian
--= Rectangular

t/ T

,_._._.___.I
omhmmﬂo

Fig. 2. Survival probability as function of time. Unit time is the
time constantt of exponential growth. Numbers on the curves are val
ues of the paramcter u/be. $01id lines for the gaussian distribu-
tion of vigour, dashed lines for the rectangular distribution.

mm = {2 mu\H.q = 8.3

With a value of v between .2 and .3, we arrive at the value a/b=2,

that should be considered of the

right order of magnitude. Using

the observations of G. Rager et al,

nal ganglion cells in the chicken,

H 5n the degeneration of reti-
one obtains the peak of mortali-

ty rate on incubation day 13th., From the values listed in their Ta-

ble [, one obtains the value .08 &mwua for (dR/dt) . »

=~ 3 days. S5ince degeneration starts at day 9th, one obtains a/be

therefore T

~5.4,un cstimute of the same order as that obtained for isthmo-

{ic nuclecus, using the Cowan/Clarke data.

H

501

DISCUSSION

from Fig. 3 one can see that the computed curve (solid line)
does not agree well with the experimental data in the final part of
the curve. This must be expected, since the

ﬂum
).
L]
L ]
L ]
Sh—-—-—-—-———
Io.‘ e .
X
ﬁ | | | { | 1 t

18 days

days of incubation post Hatching

Fig. 3. Survival probability. The solid line is for a/be =8 and ti-
me copnstant €=1.7 days. The empty circles are from Cowan/Clarke <o-
unts of cells on the isthmo-optic nucleus of the chicken. The fit
is obtained taking the initial time t=0 not at incubation day 1Ith
but /2 earlier (arrow). .
model has been confined only to pairwise competition and therefore
the surviving fraction cannot fall below 1/2. In Yhe case studied
by Cowan/Clarke the final mortality reaches 60%. The model can be
extended to include interference in triplets or quadruplets. In
this way one can explain the values of mortality larger than 1/2.
we point out that a bimodality in size, followed by degeneration

of the smaller cells, has been noted by mo:meN

in the trochlear
nucleus of the duck embryo. One may observe however that bimodulity

is not necessarily a morphological property.
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