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Summary
Raaadad o

1. Cell lineage in the dorsal mesothoracic disc of Drosophila

melanogaster was studied by using mosaics for bristle color and
bristle shape, resulting from somatic crossing-ovebr ihduced by X-rays at
17— 60 hoﬁrs following egg deposition, as well as by using gyn’andr"o—
morphs, ‘in which genetic marking occurs during early cleavaéé divi- |
sions. Data from spontaneously occurring mosaics studied by Stﬁrté—
vant (19295 and Noujdin (41936) were re-evaluated.

2. Lineage relationships among the 11 mesonotal -mac'ro.chazetae
were traced by comparing ¢ correlation data from samples marked at

different stages. Correlation diagrams lead to groupings of related

macrochaetae, suggesting that related cells remain together (in ac-

cordance with the conclusion of Noujdin) and that there is a gradual

restriction of cell lineage pathways during development. On a logarith-
mic scale, ¢ coefficients between pairs of macrochaetae are inv‘ersely
proportional to the distance between them (in agreement with the.
suggestion by Sturfevant). |

3. A moré detailed, sectional analysis of most surface a.ré‘a..s of
the dorsal mesothorax was carried out by using mosaics on 1’_1:3._1_1:_Y flies
on which microchaetae are present in normally naked areas. Th_e‘:se
mosaics were due to somatic crossing-over induced during thé fi‘r.'st
1‘a}rval instar. Analysis of the sample confirmed the results ébtained
by'.using macrochaetae alone. The frequency of occurrence of marked
bristles varies in different disc regions, which suggests a gradiéét pat-

tern of cell division rate within the disc. Distance between bristies or
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sections does play a role in their genetic relationship to each other.
However, in some sections found to be intimately related "‘by cell lineage,
the role of distance is secondary (particulaﬂy in parts of the disc which
may have differential directions and rates o.f growth).

Application of-principal-cornponent analysis to the sectional data
gives a ;‘elatively' unambig_uous»method for separating the sections into six
clusters.,v With one exception, the clusters so defined are groups of con-
tiguous sections. | |
| Each section s:f:udiled was found to :be significantly correlated with
its surfounding and neighboring section_s; rost marked patches on.indi-v
vidual specimens are also contiguous. "Passive migration' of gro7i1ps
of cells can be invoked as a developmental process in a few spec1a1
cases. In general, cell llneage is nonrandom, in that the spatial rela-
tionship among cells developln‘g from the same 11ne is preserved througn-_

out ovntogeny.

. Introduction

Cell lineage studies in Drosophila were originated by Sfurtevant
{1929). In his method‘-o_f investigation, ""'mosaic! individuals with

pa‘tches of phenotypically distinguishable tissue are produced by génetic

techniques The cells of a ”marked” patch in these ‘adult spec1mens are -

assumed to be related by descent from a common ancestral cell 1n wh1ch
the genetlc change occurred. W1th two exceptions, Sturtevant's p1oneer— '
ing study suggested the following basic concept of Drosophlla. develop-

“ment: that specific, determlned reglons of the adult body surface arise

¥
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from particular imaginal discvs'. ' Other.‘wvorkers (Birmingham, 1942,
and Stern, 1963) later found that the two exceptional body areaé de-
scribed by Sturtevant (cephalic and sternopleural regions) also arise
from specific imaginal primordia. The Validity of Sfurtevant’s interpre-
tation has been demonstrated repeatedly in other investigations: e_g ,
Noujdin (1936), Stern (v1940.), Bodenstein (1941).,' Gehring (1966), and
Muxphy (1967). '1

| In line with the mode of development described by Sturtevant,
'ea(.h dorsal mesothorac1c or "wing' disc gives rise to one wing aﬁd
e*cactly one-half of the mesonotum (dorsal mesothorax) with its eleven
constantly positioned macrochaetae and numerous microchaetae, ‘as well
as to the me'so-, ptero-, and postfgleﬁrae. However, in} covntrast tb‘ the
fixed developmental fate of the wing disc as a whole, specifica].ly-”vs}ith
regard to the mesonotal primordium within the disc, Sturtevant cd_h-
cluded that cell lineage was indeterminate. Analyzing a sample ot";-i'12
mosaics avffecting the right or left halves of the mesonotum, he found
Ehat lineage relationships could not be traced for any pair of the 11 mac-
rochaetae. Marked patches seemed to have been produced in random
fashion, varying in size and shape. In addition, the calculated probabil-
ity (as indicated by Yule's Coefficient of Association) that any parti‘eular
pair of macrochaetae would be affected in the same half—fnesonotuﬁﬁ ap-
peared to be only a function of the distance between them, 1ndependent
of the direction of the line joining them. These calculatlons were carrled
out enly for the macrochaetae.

On the basis of a larger sample of mosaics, and 1nc1ud1ng areas

marked by mlcrochaetae as Well as macrochaetae in his calculat1ons,
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Noujdin (1936)1 reached somewhat different conclusions. He scored for
occurrence of marked patches over the entire half-mesonotum by arbi-
trarily d1v1d1ng' it into a number of sections approxirnately equal in size.
From the incidence of marked spots, he calcula‘ted the "Bravais'' or ¢ |
correlation coeff1c1ents between 1nd1v1dual sections, later grouping highly
correlated sectlons into larger ”reglons '"" In contrast to the view of
Sturtevant, Noujdin's interpretation indicated a lack of dependence be-
tween the magnitude of correlation and the distance between the sections.
Moreover, he found that d1rect_10n was important, in that correlatibns
between i)airs of sections were higher in the anterior—posterlor d1rect1on
than laterally. Noujdin suggested that cell lineage of the mesonotum was
nonrandom in that (1) all cells within the "regions'' composed of h1ghly
correlated sections were lineally related and that (2) the dlfferent My
g1ons” develop from pr1mord1a with separate cell lineages.

- The mosaics studied by Sturtevant arose in M1nute n stocks pre—

sumably by somatic crossing-over (see Stern, 1936), whereas the sample

0bta1ned by Nou_]dln resulted from pos1t10n- effect varieg.ation in flies
having scute-8 inversions. Both types of mosaicism-are clonal and are
suitable for comparison, at least in the eye (Becker, 1966; Baker, 1967).

However both sets of data are heterogenous in that they may 1nclude

.patches arising at var1ous times in de'veIOprnent The confl1ct1ng conclu— '

‘smns of the two authors may be due to their d1fferent methods of analys1s,
dlfferent natures of their samples, or both. The ava11ab111ty of more
unlform samples, namely mosaics ar151ng from somatic crOSS1ng;over ,
1nduced by X- rays dur1ng 11m1ted perlods of development has led us to .

re-examine the question of cell lineage within the mesonotum.
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Materia,ls and. Methods

Sturtevant and Noujdin empioyed two different methods of record-

ing their data. Sco fing of mutant patcheé by means of the macrochaetae

-alone, as in Sturtevant's analysis, is advantageous with respect to uni-

formity of the sample unit of the 11 macrochaetae, although extensive
areas of the ﬁesonotum which contain no macrochaetae are au?:omatically
eliminated from study. Arbitrary.division of the mesonotum into sec-
tions by Noujdin's method succeeds in including all surface areas ’but
scoring is complicated by heterogeneity of markers; i.e., some of his-
sections contain only macrochaetae or microchaetae or no chaetae.
Moreover, Noujdin describes borderline cases in Which assignmeﬁt of a
patch to one section or another was uncertain. - |

- The first part o.f our investigation consisted of a comparisé_n of
macrochaetal data from X-ray-induced mosaics with rvesults of the’"pre-
vieus investigators. One group of mosaics was produced by X- ray induc-
tion of somatic crossing-over in the second chromosome as described by
Tokunaga and Arnheim (1966). Larvae were irradiated‘2 at tifnes_ rang-
ing from 17 to 60 hours after egg deposition (total dose 1000=1500 E')v.
These authors obtained flies having patches of yellow (1—0.0), not—Bristle

(2-58.0) or yellow, Bristle tissue on not-vyellow, Brlstle background 494

male half-mesonota with marked patches involving macrochaetae were

' collected from their material. Out of the total of 494 half-mesonoté;

4

- 6.3% of the mosaics were obtained from irradiation at 17-22 hours, 28.6%

at 22~32 hours, 16. 1% at 33-43 hours, 27.6% at 45— 50 hours, and 21 49,
at 50 60 hours. All of these were ’m1xed” half- meSOnota, i.e. havmg -

tissue of more than one phenotype. The size and shape of each marked



~6- | UCRL-19285

Spot were recorded on standardized maps of the mesonotum (after
Plunkeft 1926; see Fig. 1). These samples were subjected to anal~
- ysis. of spots by using only the macrochaetal scorlng method.

- For another comparison of macrochaetae, we studied drawings

of male tissue spots from 325 "mixed" half-mesonota of.g.yna'ndrornorphs

which C. Stern had examined and scored on Plunkett's diagram:.

Genotypes were as follows: the maJorlty were yacsn sn3 (yellow, achaete,

51nged )/R(1)2 (Rlng X-chromosome #2) females with spots of yacsn sn3

male tissue; a few were ¥ w (yellow, white)/R (1) 2 females with y w

male spots; a few others were sn /R(i) 2 females with sn3 male
patches (Loci: Wh1te, 1-1.5; achaete, 1-=0.0; singed 1 21 0).

The second part of our investigation was de51gned to include |
1:narked patches involving microchaetae, to cover areas of the meso-
notum and mesothorax not'sf:ud-iec“l previvousl}‘r, and eventually(to fv:‘avcil-
itate comparison with the resultsv of Noujdin. Flies were homozygous
‘for _h_ai_z;z (h, ‘3--26.5)‘, hav1ng mlcrochaetae present on normally naked
.regions, 1nc1ud1ng the dorsal and ventral surfaces of the scutellum
several additional areas of the mesonotum, on the mesopleura, and
_occas1onally on a tr1ang1e of tis sue lying medlally between the ptero—
_pieura and inferior postpleura (see Fig. 2 Section #62)

_ To vprvoduce mosaics, larvae of the genetic constltutlon y/+
' h& .weré"irradiatedz at 24- 48 hours follow1ng egg deposition (total
dose, . 1500 r). Somatic crossmg over between. yellow and the k1-
' netochore resulted in patches of Xello M tissue on not- Xello
(+/X) background on hairy (__L) fhes, 502 such "mixed" me_sonota

were collected. The mesonotal and pleural regions were arhitraril?
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divided into 62 sei)arate seCtions the 11 macrochaetae comprised add1-
tional sections. (actually points) 63-73 (Fig. 2). Outlines of the patches
were first drawn on Plunkett's diagram (without sectional divisions).
The sectional outline map Was‘ superlmposed on an individual drawing by
viewing both through a transparency 111urn1nator each of the sectlons
was then scored as to presence or absence of yellow chaetae |

It must be noted that in seven of the sections (21, 40, 48, "51
53, 54, and 62) there are very often no microchaetae present even in
IE,_l_g'_y_fhes ’I‘herefore, statlstlcal comparisons .Were generally 11h’11l:ed
to the remaining 66 sections, which have a much more even distribution
of microchaetae. |

The‘following statistical methods were used for analysis of_.'the
da‘tt_a: | |

1." Calculation of b

Among the 11 macrochaetae, correlations between the 55 possible
pairs of bristles were calculated by use of homogeneity XZ tests and con-
vertlng to ¢ coefficients. For example, taking the first pair of bristles

in the 17~ 60-hour X-ray series appearing in Table.i, one finds

Cases Anp marked Cases Anp not marked Total

Cases Pr g 26 (observed) 45 (observed) 71
marked ' 6.2 (expected) 64. 8 (expected)

‘Cases Pr 17 (observed) = 406 (obs'erved.) 423
not - - _ . .
marked 36.8 (expected) 386.2 (expected) g

Total 43 451 494

%2809 . 5=<0.0005

Xz/total no. specimens = 80.9/494 = d)z, ¢ =+0.41
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b =¢ coefficient, Pearson's mean- s.quare contingency, or Bra\}ais'
correlation éoefficient; ¢ is itself a derivativ.e of the point-biserial
correlation coefficient, r.
Range: +1 to -1; ¢ is poé‘itiVe when observed > expected\in the

- ""both marked'" cell in the table. -

The calculation is equivalent to that employed by Noujdin in the

analysis of his own data and in his recalculation of the results of Sturtev-

ant, élthough he did not compute XZ orl-probability‘values. The ¢ coeffi-
cient is statistically preferable to Yule's Coefficient of As sociation, at
least according to Noujdin, who quotes Chuporoff (1922) and Diakonoff
(19'22.) (exacrt refefénces to these papers are not given) to the effec_t_' that

the Yule's Coefficient gives a raised correlation.

2. Calculation of the Point-Biserial r

In our study of the 73 artificial sections (including the macro-
chaetal "points'') of the mesothorax in the second series of experlments
the p01nt-b1ser1al correlatmn coefficients (r_,.) were calculated for all

‘ pbi’ o
pairs of sections (a computer was utilized). For example, the co'ljrelaé

tion between sections 1 and 2 was calculated as follows:

Cases #1 marked Cases #1 not marked"‘ Total

Cases #2 marked - B 36 ' - 13 ) _' 49

C.as_es #2 not marked 17 : 43'-6> B 453

 Totals S . 53 449 1 502
(Mp-Mg) N

o
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where Mp = 36/49 = 0.735 p' =53/502 =0.106
- Mq = 17/453 = 0.038 q' = 449/502 = 0.894
0.697
 p=49/502 =0.098
q = 453/502 = 0.902
and - pq =0.0084 p'q' = 0.0948
Npq = 0.297 Np'q' = 0.307
_ (. 697) (0. 297)
Ipbi = T 0.307 - 10-674

—

3. P'rinéipal—Compbnent Anaiysis?’_. -

By use of the h_i_r_X phenotype, most regions on the surfacé of

the mesonotum and mesopleura could be analyzed in terms of thelr re-
lationships to each other The most direct approach to such a study is
to-examine relationships of in.dividual artificial sections to all other sec-
tions, as in Noujdin's analysis, taking sections one at a time and pom-
p_aring the fesults. By using a multivariate\technique, however, rela-
tionships between ali ‘the sections can be studied simultaneously and
groupings can be derived more accu;x.'ateiy and e_fficiently, Principal- . .
component ana}ysis may bé used tp examine whether the art’ificial é_.ections
can be classified into grroups, and provides a specific basis for suph group-
ing as may be indicated. |

| If there were several lineages which developed into a cphérént pattern
(1___e_° , basically the same for every fly) on the mesothorax, then principal-
component analysis would separate the lineages into appropriate vgpcv)up‘s of
points in principal coordinate space. Thus our analysis attempts tp treat

the data from the 73 sections (including the 11 macrochaetal "'points'') so

that if natural groupings existed, they would be made ev1dent
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In the analysis, each specimen in onr. sample was regarded as an
independent realization of a random vector. Each component of thisvran-
dom vector can be 1den1:1f1ed w1th a unique.pomt in p- d1mens1onal Euchd—
ean space (Dempster, 1969), in this case, p = 73, correspondlng to the
73 sections. The coordinates of each such p01nt are dependent excluswely
on the probablllty dlstributlon of the random vector through the covariance
matrix, Sample estimates of the coordinates were obtained by performlng
upon the sample covariance matrix the .operations outlined, 4

The application of this method'to sample data involves finding the
(p = 73) eigenvalues, and corresponding eigenvectoi's of'_the sample co~"-
‘varianc_e matrix (a computer was utilized). The e:igelnvalues_ are fa_nk—

: orciere_d in decreasing sequence, corresponding to' the amount of Var_iance
they describe. Their correspondlng elgenvectors are written col*imnw1se
‘in the same order. The rows of the resulting matrix of eigenvectors ai‘e
the estimated coordinates of the sections. | |

The vector of principal comvponentsvforms' an orthogonal baei.s for a
p;dimensional vector space, with ‘covai'iance as inner product, Points in
this space correspond to rando‘m variables Which‘are linear corn.b'ina‘tion.s
of the principal components; the length of a vector drawn from the or1g1n
to such a p01nt is equal to the standard dev1at10n of that random‘ Variable, a
the cosine of the angle between two such vectors is equal to the correlation
between the two correspondlng random variables, Hence, if a set of p01nts
in this space formed a compact cluster, then (1) they would have approx1-
mately the same standard deviation and (2) they would be 1ntercorrelated

w1th a lower bound equal to the cosine of the smallest angle whose S1des

enclose all the points w1th1n the cluster.,
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Each artificial section corresponds to a point in the space of prin-

7 cipal coordinates. Since the principal components are of different lengths,

however, each coordinate of each section must be multipliéd by the length
of the corresponding principal component before the point is plotted. Be-

cause no mechanism for utilizing the higher dimensions was available,"

- coordinates beyond the first three were ignored in defining clusters. The

© first three principal components represent 44% of the total marginal variance

inf the sample. Results'of. plotting the sections using the first two'v-I).rincipal
cod'rdinates are given in Fig, 8 (e. g., for section 1, X and Y cooi;dinates
are +0.162 and -0.150). | |

| The points were vnot labeled as to section number until aftel: the
cluster boundaries were deéided upon. In this way, the clﬁsters were de-
teﬁnined in a '"blindfold" manner, »so‘ that their boundaries were nof pre-
judged. The clusters were then ""decoded" and the se‘c;cioné.l map was divided
into corresponding segments (see Figs. 8 and 9a)., The third principal
coordinate (ér Z coordinate) was utilized in deriving intracluster groupings,
as-plotted in Fig, 10, which Weré then transferred to the sectional map |

(Flgu 9C)o 3

The foregoing calculation was repeated, omitting data fromv_t'he sevén
sectiops sparsely covered with chaetae listed above, (This operation re--
ducevd the total number on half-mesonota to 4;38,) The only differeﬁlces for
the: eigenvectors computed for the remaining 66 seétions were at the _third
deéiiné.l place, L_e_ » coordinates were essentially identical, whichfﬁustifies
omission of the sections in terms of their ;ontribufion to the total.'_.\.__raria,bility.

~
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Results

I. Frequency of Occurrence of Marked Bristles

Occur.rence of marked ’patches involving the 11_"macrovchaetae oh
half—mesonota of Specimens with X-ray-induced somatic croséing-over
~and in gynandromorphs is summarlzed in Table 1, according to simul-
taneous involvement of the 55 possible pairs of brlstles Ih Table 2,
these spec.imens'as well as Sturtevant's Minute-n series (1929) are com-
par_ed with regard to frequency of'i_nvolvrnent of individual bristles in
ma‘-_rhed‘ spots. Similar data are not e.vailabie from Noujdin's paper
(1936). |

The four samples taken as whole groups differ vﬁth reSpecf to
mean frequency of involvement of macrochaetae in.'a marked spot, _Zas is
shown by the F test for comparisovn of two means, smarized in Table
3.‘ The'.tWO X-ray series do not differ signifi‘cantly; all .other compar-
isons reveal significant differences at the 5% level. The-r-efore,b wev cen

assume that the gynandromorph sample, havmg the h1ghest frequency,'

has marked spots 1n1t1ated at the ea.rhest tlme, that there is a later 1n-A
duction in the Minute-n sample, and that the X-ray-induced mosalcs,
hav1ng the lowest frequency, are initiated stlll later in development
| The sizes of the marked patches found w1thrn dlfferent groups of

: spec1mens support the above as sumptlon as to chronolog1cal order of
1nduct1on As shown in Table 4, the average patch size in gynandro— _
‘morphs is very large, involving 6.6 of the 11 macrochaetae (4.4 1f only

m1xed” discs are considered), whereas in both X- ray 1nduced ser1es,
the average patch is much smaller, contalmng about 2.2 macrochaetae, '
1nd1cat1ng' a later initiation of the marked cells. (There are no data for

patch sizes except in the case of ''singles'" in the Minute-n series.)
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Moreover, among the 502 specimens studied by the sectional method
(24-48-hour X-ray-induced s‘eries) in the second part of our investiga-
tion, the average marked spot involves only 7.88 of the 73 sectione and
Ehe most frequently occurring size involves only one section (Table 5), _
>again indicating a late 'inductien. -

‘The above results from comparisens of average size of patches
in each sample are further confirmed by analyz'ing each of the eleven
nﬁacr_ochaetae. The frequency of involvement in marked patches emoﬁg
'the different series is .shown in Table 2. Coﬁsid’ering only ‘their face
vqlu-es, vfrequencies of involvement follow the samev order as in Table 3
for seven of the 11 macrochaetae; that is, highest for gynanders, | ffol-
lqvvea by the Minute-ﬁ, then the t\vo X-ray series. Only the Psa, Ppa,
Aec; and Psc do not conform exactly to this pattern. The Minute—e
series is unique with respect to the very low frequencie.s of involv.e-'

meht of the scutellar bristles.

Consiaerlng the four sets of data in Table 2, significant differ-
ences at the ¥ level (X ) between frequencies of occurrence for individ-
ual bristles exist in 35 of the 55 possible comparisons. The 20 pairs
with insignificant differences are indicated by bfaces joining them. The
35.significant differences may be summarized as follows: The gyﬁan-
ders: differ from the Minute=n specimens w1th respect to frequency of
involvement of six.of the ma_crochaetae,. from the 24-48-hour X-ray
series with respect to 10 macrochaetae and from all 11 macrochaetae

of the 17 60-hour X-ray series. The Minute-n specimens differ fromv

the 24 48 hour and 17 60—hour X— ray serles in the cases of seven and
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nine macrechaetae, respectively. Finally, the two.X- ray series dlffer
from each other w1th respect to only three of the 11 brlstles

. In addition to the foregoing differences among the various series,
xz tests car‘ried out within each experimental groﬁp indicate that, re-
gardless of the- or1g1n of the sample, the different macrochaetae do not
have the same frequenc1es of involvement in marked patches - For ex-
ample, in the 1?—60-hour X-ray series, the presutural bristle is.'_alf_-
 fected in only 14% of the specimens, whereas the anterior ddf’socentrel
is affected in 29%. These variations eﬁggest a difference in suscepti-
'Bility or in grthh patterns, or both, among' cells in different locations
at the time of mosaic initiation; i.e., induction of marked cells rﬁay not
occur at random in the mesonotal anlage.

When data from Table 2 are considered with reference to bristle
pos1t1on (see mesonotal map in F1g 1) in the adult, frequenc1es are
generally lower for anterior bristles such as the presutural and noto- ‘
pleural macrochaetae than for the posterlorly positioned postalars and -
- scetellars Moreoyer; frequency.patterns are similar for the four

sets of data (With the main exception being the low frequencie‘s for
scutellars in the Minute-n series), indicating ‘g“eneral d_ifferences in
sensitivity to mosaic indu.c‘tio'n er variable gfowth pattern'e'in differ’-,
ent parts of the disc. |

The frequency differences indicated by sf_:uciy of mé.crobhaefal

reference poinfs ére_rev.ea_led as part of a iai'ger gradient pettern
when other sections of the half-mesonotum are considered in thev_»:-.secv_
ohd,part.of our study (24~48-hour X-ray data, F1g 3). v_'-’I.‘hel.'e‘ 1s en

increase in frequency of marked bristles from anterior to posterior
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a;ci)vl‘llnd the lateral edge of the rﬁeeono.tum, as noted for the macrochae-
tae. The anterior dorsocentral region is higher in frequency than the
posterior dorsocentral region, and the region of hlghest occurrence is
concentrated at the m1d11ne (sections 7 and 8), somewhat anterior to
the level of the anterior dqrsocentral.' Frevquencies deeline gradually
over the half-mesonotum in sections farther away from this peak.

The existence of the gradient pattern suggests that the higher

.parts of the gradient may be associated with higher rates of cell divi-

sion. As discussed later, the largest ""cluster' of sections grouped
together by principal coordinates (Cluster II, Fig. 9a) includes the sections

which are in the highest part of the gradient. From this we can con-

clude that the cell-division rate was hlgher in this area than in the

lower parts of the gradient, at least after the initiation of mosaicism.
The same reasoning may also apply to the situation at the time of ini-
tiation, since itis understandable that a higher rate of cell‘division
would be associated with a greater probability of somatic crossing-over.
(In this regard, Stern, 1936, noting significant differences in frequency
among the tergites and between head, thorax, and abdomen, found that

the incidence of somatic crossing-over was dependent on the spatial

“ontogenetic pattern.)

II. Correlation Studies and Cell Lineage

A Correlations Between Pairs of Macrochaetae

| Phi coefficients calculated from the material of Sturtevant and
Noujdin as well as from gynandromo rphs and X- ray-vinduced mosaics
are pre-sented in Table 6. In the 24-48-hour X- ray series, only those

¢ values which are positive and significant are indicated.
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1. Correlation and distance

Sturtevant measured the distances between bristles on Plunkett's
diagram, 'aésigning them the units given in the second columh in Table -
6. From inspection of the distances and the corresponding Yule Asso-

l.ciation Coefficients, he concluded thé.t. "development'i_s irldeterminafe,
in that the genetic relationship of two trichogenic cells, ie on the_a_v—
erage, inversely proportional to theif .distance apart - --." Indeed,
when a correlation diagram isv constructed usin‘g the Mivnute.-n détve and

Yule'.s coefficients, the strength of association, as indicated by the |

number of connecting lines, seems te increase as distance between

maci‘ochaetae decreases (Fig. 5d)

The essential correctness of Sturtevant's statementis further de-
monstrated when ¢ coefficients are plotted aga1nst d1stance‘ on log-log
paper. Thisvopei'ation was carried out for the first four sets of coeffi- '
cients in Table 8, resulting in Figs. 4a=d, Which. may be described
briefly as follows:

Fig. 4a: (Gynan‘dro-r-nerp-l-ls.). Coefl'1c1ents have the swli'cle.-st range of
values among the four sets of data in Fig. 4. (Possible range +1 t:o -1'.)
The coefficients are concehtral:ed at the extremes .(high+ orv-' values),
and 41 of the 55 values are 51gn1f1cant1y dlfferent from 0 ()(2 p< 0. 01).
(Lines cros s1ng the graphs indicate 51gn1f1cance levels )

Fig. 4b: (17-60-hour X-ray series). Coefficients are scattered

more uniformly throughout the range of possible values; 30 bf 55 are

significant.
Fig. 4c: (Minute-n series). Coefficients also uniformly scattered

throughout range; 14 of 55 significant.
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Fig. 4d: (Position effect series). Thirteen of the 22 coefficents cal-
culated by Noujdin are significaht.
In Fig. 4e, point-biserial r values calculated for the 24—-48-hour X-ray

series are used. Calculations werebased on all 502 specimens (4185 had

affected macrochaetae); 25 of the 55 values are significant.

The straight lines on the log-log plots which result for e‘acbh of
the samples indicate that the relatlonshlp between ¢ coefficients (and in
the last case, point-biserial r coefficients) and dlstance between brlstle
sites is actually -an exponential one. This finding may be explalned by
a conS1derat10n of patch sizes among groups of specimens: (1) The av-
el;age size of a marked patch in X-ray-induced specimens and in gynan-
dromorphs is large enough to cover more than one potential bristle site
(see Table 4). Tlﬁs is especially iikely. to occur if the distance between
cheetae is very small, as in the case of the Pr and Anp, separated by
only 4 units on the Plunkett diagram. (2) Conversely, very few of the
patches in mixed discs are large enough to cover macrochaetal sites
located many units apart; €.g., the Pr and Pdc, separated by 15 units.
Thus, an essentially linear relationship is biased at both extremes of

the scale and tends toward an exponential curve.

2. Grouping of Macrochaefae by Correlatioh Coefficients
The finding of the general felationship between the correlation
of bristle pairs and their distance apart is in agreement with the argu— -
ment of Sturtevant. However more detailed analysis of the data reveals
some interesting pattern‘s of correlation when ¢ coefflclents are com-
pared w1th reference to actual locations of macrochaetae on the meiso-
notum. Figures 5a~c and e are constructed so that the number of

lines connecting the macrochaetae is approximately proportienal to the
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magnitude of thé coefficients. Only positive and significant ¢ coeffi-
cients are utilizgd. The diffefences among these figures are élearly
related to the time of origin of mosaicism in each of the e});perimental o
seri_es. | |

In gynanders, in which cells become ''marked" :dur'iﬁg. early em-
’ bryonic. stages, before establishment of fhe‘imaginal discs, macrochae-
tae may be separated into two groups'of highly correlated bristles (Fig.
5#). One group of five bristles con}tains the Pr, Anp, Pnp, Asa, a;nd
Psa; the other group is made up of the six rerﬁaining macrochaetae.
Lower ¢ coefficients connect the two groups. -The correlation diagram |
indicates that cells ancestral to the'm.acrochaefae appear to be r.estfic‘t—
ed into two main developmental gfdups,Which do not subsequently int.er—.
mingle. Marked tissue arising by cell division after establishment of
these clusters could include presumptive bristle cells (ér their ances- -
tors) within only one or the other of the restricted aréas. Individﬁal
variations in cell lineage within the 'esi.:ablished disc, i.e., in the posi- ‘
tion of the h_ypotheticai ""constriction' between the regions, could ac- -
count for the weaker .correlat'ions connecting the two main gro'ups.‘ It
must be emphasiéed_ that the lineage relatiohships indicated in correla-
tion diagrams can repreéent.on.ly average patterns of development_. In
individual specimens, marked patéheé often.ove_rlap the "regions' ‘or _
fail to include the entire r.egioﬁ. (For an illust.;ratipn of spec‘:imen.s_with‘
bverlapp_ing regivons, see Stern, 1940.) | | | o

In contrast to the gynandromorph data, the series in V\‘/hich:‘so-

mé.:tic crossing-over was induced 17~60 hours following egg depos‘iition
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(in which the vast majority of irldividuals were in larval stages at the

time of irradiation), the strongest correlations suggest separation of

the macrochaetae into four smaller groupsb (Fig. 5b): (Group 1)--Pr,

. Anp; (Group Z)Q—Php, Asa, Psa; (Group 3)--Adc, Pdc, Apa; Ppa;

(Group 4)--Asc, Psc. The earlier pattern of development a_s described
for gynandromorphs may also be observed in this figure. There is.a
similar lack ef strong corlnection between the Psa and the Apa and_rheir
respective related macrochaetae. Furt.hermo're, \Ix/eak'er correlations
connect X- ray éroupings 1 and 2, which together are equivalent to gyn=
andromorph Group 1. In addition, X- ray Groups 2 and 3 are JOlned by
weak correlatlons correspondlng to those between the two gynandro-
morph clusters.

The 17-60-hour X-ray data indicate a more restricted pattern
of development superimposed upon our hy.pothetical original divisi'on
into two main areas, as if each of the two large blocks of tissue éegre—
gates into two smaller blocks Whlch subs equently develop as independent
cell 11nes Marker patches 1nduced after this subdividing could involve
only the presumptive macrochaetae included in a partlcular restricted
region. |

The early determination of the rnesonotal anlage into two sep-
arate areas, as best revealed b.y the g;rnandromorph diagram, is also
mdlcated by the large number (42 out of 55) of significant ¢ coeff1c1ents
in that series (both positive and negatlve) The high numerical values
of ¢, either positive or negatlve, are expectedif a presumptive macirO'—
chaeta early becomes included in one of only two possible 1in'es of eell

lineage. In later stages, as the two large areas became subdivided,
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there Qould be more opportunities for vafiation in the cell lineage pa‘th-b
way leading to an indiviciual bristle. The 17-60-hour X-ray data do
have a lower number of significant ¢ coefficients (only 30 out of 55).
Ix%p = 0.‘02,>p >0.01 forb42,/55bv.s. '30/55.] |

The hypothesis of gradual restriction of cell iineage pathways
“during development is best supported by a cemparison of the correlation
diagram derived from the 24-—-48-‘-hour. X-ray series with those of tﬁe
gynandromorphs and 17-—-60—hoﬁr X-‘ray.series. In the last experiment,
the patch-producing event occurs later than in the gynandrerﬁorphs
(which originate in early cleavage divisions) but earlier than the average
time of induced somatic crossing-over in the 17—-60-hour series. (See :
Materials and Methods.) bAs might be expected, the correlation diegrain
for the 24—48-hour series (Fig. 5c¢) is roughly intermediate to the ether
_ two configurations. The five anteriorlf loeated macrochaetae are ‘boun'd
together in ene correlation group just as in Group fil'df éhe'gynendro- |
mbfph data (Fig. 5a). Connections between the Pnp, Asa, and Psa are
strong enough to suggest a-subgroup‘comparable to Group 2 of the 17-60-
hour X-ray eeries (Fig. 5b). - The xfefnainirvlgv six bristles form a grou.p
very much like Group 2 of the gYnanders (Fig. 5a), Valvthough connections
are not so strong. |

The Minute-n correlaﬁon diagram (Fig. Se) canriof easily: be re-
leted to either of the previousv figures. Macrochaetae may be sepa‘ratea
into the following groups; v(Group 1)--Pr, Anp, Pnp, Asa, "‘Psa, A;ia,
Ppa (Group 2)--Adc, Pdc; (Group 3)--Asc, Psc. Thel;e a're-strorié con-
nections between the Psa and the postalar bristles, a re}atioqs‘hip fot in-

dicated in the other two series. The other series reveal many connec-
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tions between the dorsocentrals and other _macrochaetag; in this case,
there is only one such correlation, that between the Pdc and the Ppa.

If one assumes that Minute-n-induced somatic crossing-over oc-
curs with equal frequency during all dev»elopment»al é'tages, the average

time of occurrence of the genetic event leading to mosaicism would be

much later than in the gynanders, and clusters of marked cells would be

~ correspondingly smaller. It is true that the 1solat10n of the dorsocentral

and scutellar bristles as Groups 2 and 3 respectlvely argues for a time
of origin of mosaicism comparable to that found in the 17-—-60-hour X-ray

series. However, Group 1, containing seven macrochaetae, is larger

‘than either of the clusters in the gynandromorph diagram. Thus, the

Minute-n series seems to be a spec1a1 case.

To summarlze, in addition to confirming a general relatmnshlp

/

- between correlation and distance, we were able to trace cell lineage re-

lationships between groups of macrochaétae by comparing correlati.on
data from samples in which marked spots were initiated at different
developmental stages. The data from gynandromorphs and 1.7—60v-hour
and 24-—48—hourx- ray series do not conflict with each other, but the
Minute-n sample differs from the first three sets. (Since only 22 Qf 55
possible ¢ coefficients were calculated by Noujdin for the position foect
series and his paper did not ihcludé raw data for involvement of péi_rs of
mé_cro_chaetaé, the resulting correlation diagram was incomplete and
was omitted from conéideration.)

B. Sectional Analysis of the Dorsal Mesonotum

Of the 63 sections on the dorsal mesonotum scored for occur-

rence of yellow chaetae in the 24-48-hour X-ray series, 59 provided

© e @



-22- "UCRL-19285

sufficient data for analysis. The remaining sections, namely sections
21, 40, 48, and 51, with fewer than 10 occurrences (mainly due to lack -
of marker chaetae), were omitted from study.

T

1. Correlation and Distance

The inverse and expone‘ntial nati_xre of the relation between cor- :
relation and distance suggested by our s'l:u.dy of mac»roclhaetae is also
supported by sectional analysis. Using section 2 as an example, ai;-
prbximate distance between sections as measured on the Plunkett .'t:ii—
ag x:am is plotted against the point-biserial correlation coefficients for
the section on log-log paper (Fig. 6). By inspection, the linearity ’;)f
the plot appears to be disturbed only by the circled points;’v_i_._e_., sec;tions
7 through ‘43, which show a higher"corr'elation than exp_ect.ed si"rnplyv'
according to distance from seétion‘Z. This discrepancy is indicati;ze of
the intimate nature of the cell lineage relationship existing between:_‘
the_se seven sections on the median strip of tissue, as will.;b'e diScﬁ_s sed

later.

2; Correlation Between Pairs of Sections

Hypothetical cell lineage relationships can be derived, ‘as ir-l_'_vthe
Noujdin investigation, from laborious comparison of all the sectiOn%l |
correlation patterns followed by study of actual outlines of marked -
patches. The following are the results of preparing correlation ‘dia_'.gramsr,
for individual sections from our data. -

W1thout exception, each of the 59 sections was s1gn1f1cant1y cor-‘.
related (x p < 0.05) not only with all sect1ons bordering it but also w1th
many other sections. A sample pattern of correlation is shown in ‘F1g.

7a for scction 4, which is on the scutellum. The highly correlated sec-
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tions are clustered near to it and are also concentrated in a longitudinal -

strip along the median line which extends to the most anterior region of

the mesonotum. Extrémely similar patterns are obtained for each of the

~scutellar sections, which suggests a close relationship between them, e

In other mesonotal régions; different patterns of cqrrelation ére
obfained, depending on the locatioﬁ of the section, Fbr example, section
-27',(Fig, 7b), which surrounds the Pdc (section 70, scored separatély),
shows correlational relationshipé' with the scutellum and with a large
area of the surroﬁnding mesonotal surface, whereas section 28 (Fig. 7c)
surrounding the' Pdc (Secf,ion. 71), is unrélated to.’c‘he scutellum. Section 52,
at the extreme lateral, antérior end of the mesonotum (Fig. 7d), is not
related either to the median strip of sections or to the scutellﬁm,

' Regardless of thé particular pattern Qf correlation for individual
section, related sections _alway‘s form a continuous group or clustér. This
clﬁstering of correlated sections is to be expected if groups of lineally
related cells stay together in the developing‘c.lisc° There are three inte‘resting
exceptions to fhis rule: Section 11 (Fig. 7e) is cérrelated with only two

posterior sections among the scutellar divisions, excluding anterior con-

' necting sections. Section 13 (Fig. 7f) is correlated with a sheet of sections

-which fails to include section 37, The continuous sheet of sections correlated

i

. with section 52 fails to include section 43. These statistical exceptions

will be discussed later in connection with actual specimens which have dis-

continuous marked patches on the mesonotum.,

3. Results of Principal-Component Analysis

Principal-component analysis provides -a somewhat different ap-

proach to the cell lineége problem. The results of plotting the 59 sections

n
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o£ thé mesonotum and seven other sections of the rhésothorax in principa.i
coordinates are given in Fig. 8. As expected from the study of macro-
chaetae alone, clt;-ls'ters' of pointé can be c_dnstructed. Fﬁrther subdivision
of thése primary clusters .is made possible-by using the third principal
‘coordinate (Z axis); the latter v§as the bé.s_is for including sectioﬁ 57 in
Cluster VI (dotted line). Th¢ six clusters, designated by Roman.r}umerals,
were transferred to the mesothoracic ‘rvnap as diagrammed in Fig. 9a.

Clusters include se_étions as follows:

Dorsal mesonotum and scutellum

Cluster I: .1, 2, 3, 18, 19, 20, 22, 23, 24, 72 (Asc), 73

(Psc)--the dorsal scutellum.

Cluster I 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16, 17, 25,
26, 27, 39, 68 (Apa), . 69 (Ppé.), 71 (Pdc)--median
strip of tissue, vinclﬁding Pdc and.pvostalar area.
. Cluster III: 14, 29, 30,. 38, 70 (Adc)-_-.midr.egion'around‘ Adc.
Cluster IV: 31, 32, 33, 34, 43, 44, 45, 46, 47, 49, 50, 52,
| 63 (Px), 64 (Anp), 65 (Prp), 66 (Asa), 67 (Psa)--
_ _‘vnovtopAleura_l,' supraalar, and,vpr_esvutuz.'a.lvregions.- |
Cluster V: 28, 35, .36, 37, 41, 42-v-mi.'drég>ic.>n contéining no -
| macrocl.iae.tae.. | v o :

Other disc r.egioné :

Cluster VI: 55, 56, 57, 58, 59, 60, 61--ventral scutellum,

arch,' and mesopleura.

o b e e e ol S —
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The prinoipal-eomponent diagram of the overall surface of the
mesonotum given in Fig. 9a, “ utrlizing mo-éaics ih‘c_luced in the 24—48-i'10ur
X=-ray series, geoerally corroborates'the conelusions derived from our
earher study of macrochaetae alone, u31ng’ correlation dlagrams. The
macrochaetae in Fig. 9a fall into groups comparable to those in Figs. 5a,

b, and ¢. The basm» separatlon of the five anteriormost bristles from the

other six is confirmed and the scutellar subgrouping derived in Figs. 5b '

‘and c is again revealed. However, principal-~component analysis places

the dorsocentral macrochaetae into separate clusters, which was not shown

by our'previous method. (Stern, 1938, found that the Adc and Pdc combine

with different nerve trunks, running in opposite directions, which may

‘indicate separate development).

Of great interest is a comparison of the principal-component diagram
with Noujdin's original division of the rheso_nokturn into nine regione (as
modified to fit our map in Fig. 9b). In general, they .are alike. The sepa-
ration of the scutellum as an independent region is identical to our finding.
Our Clusteir II, the median strip of tissue, reeembles his Region (1I).

The main differences are as fo_ilows‘: (1) Noujdin conCloded.that the
section containing the,Asa_ could be plarced in either Region (VII) or (VIII).
Our macrochaetal correlatlon diagrams clearly group this macrochaeta with
the Psa and Pnp, or in his Region (VIII). (2) Our Cluster IV corresponds

approxima.tely to Noujdin's Regions (III), (VI), (VII), and (VIII) combined.

Thus, his separation, at least with regard to the macrochaetae, 1s compar~

able to that derived in our '17—60-hour X-ray series, Furthermore, utiliza-
tion of the 3rd principal coordinate (see Fig. 9c) in the 24-48- hour X- ray

series does result in a very similar intracluster grouping such that the Pr
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and Anp are in one subgroup, and the Pnp, Asa, and Psa are in another
(3) Noqu1n also found that the section contammg the Adc (h1s section 14:)
is of a mixed nature, explalmng that "1t develops from the rudiment of
Region III in some cases and from the rudiment of Region IV in others. "
Since his section 14 contained both’ rnacrochaetae and m1crochaetae, we
have studied it as two sections, namely 70 (Adc) and 28 (microchae'ta'e)' '
We see (Fig. 9a) that the Adc (section 70) belongs to Cluster III and sect1on
28 to Cluster V. Thus, separate cell lines rnay actually exist w1th1n one
of the sections arbitrarily drawn by Noujdin, (4) According to Nou_]d1n,
the half-mesonotum is itself divided into upper and lower halves (w1th the
eXception of his Region II), although not in a r1g1dly differentiated sense., |
The clusters. established 'by our analysis, however, do not have smooth
boundaries and cannot be separa.ted by a simple horlzontal d1v1d1ng llne.,
(5) Noqum s Regions (II)" and (IX) are approx1mately equivalent: to our
Cluster II. (6) The five mesonotal clusters derived from the 24 - 48-hour
X~ray data are generally larger than Noujdin's nine mesonotal regions,
which may indicate initiation of spots at an earlier sta..g.e in the X-ray-in-
duced series.’

Although there are other d1fferences in details between the two
' independently derived dlagrams, at least. ‘some of them may be due to
the availability .of marked areas in our hairy sample, in contrast to the v'
lack of them 1nNoqu1n s spec1mens, Th1s ma.y be espec1ally true for
areas where there are microchaetae in ha1ry, but not in w1ld -type flles.
For example, h_a_u_ry fl1es have many extra m1crochaetae in the postalar
and posterlor dorsocentral reg1ons, areas where the two flgures d1ffer

slightly. Of course, variation between the two flgures may also have

 resulted simply from differences in statistical treatment of the data,
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4. Continuity of Clusters

With the exception of Cluster 11, all the cluste.rls defined in Fig..9a '
are continuous. with respect to actual location of the sections on the thorax.“.
(’I‘he only gaps are where there were 1nsuff1c1ent datav) This result was"
expected, since we have seen that all sectlons are 51gn1f1cant1y (positively)
correlated with their bordering and nei‘ghboring sections. . Cluster VI will
be discussed separately. In Cluster III, section 38 appears to be isolated

from the other four sections. It is tempting to thlnk that after the initiation

-of the areas II, III, and V as clusters, the later proliferation of Cluster 11

or V or both resulted in pushing and pinching the developing Cluster III
ihto two parts. A similarly'&y_namic picture cf cell lineage may have been
revealed in the case of section 11 (Fig. 7e), where originally related
areas may have become separated during development. .

When actual, as opposed to statistically derived, pvatches are .

studied, even more developmental variability is revealed. As was pointed

out by Noujdin, the marked spots often overlap the boundaries of the
clusters, fail to include entire clusters, .are irregular ln outline, and may
show discontinuities. For example, irl the gynand.romorphs, 37 of the

325 (11.4%) of the specimens possess two or more mesonotal patches
separated by Wild-type tissue. Of these, 22 specimens have one patch
involving the reglon of Cluster II anterior to the Adc and a separate patch’
involving one or both scutellar macrochaetae. Of the 407 _mesonotal
specimens in the 24-48-hour X-ray series,; 126 individuals (3 1%) have two
or more distinct patches. In 75 of these specimens, the separaté patch or
patches consist of only a single bristle. .There were 21 cases of.’separate

patches simultaneously involving the anterior regicn of Cluster II and the
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scutellum (Cluster I). The discontinuity within actual marked patches
covering the median anterior microchaetae and scuteilar .regioris in both
experimentai groups helps to explain thé correlation diagrafﬁ for seéti_on .
41 (Fig. 7e). |

In Minute-n - induced somé.tic C;rossing-over', however, Sturtevant

states: '

...the male tissue in every case forms a single definite clearly-
marked patch, with no oﬁtlying spots ‘and with no femalé tissue in th'ev |
?atch. "5 His finding of complete continuity'may be related to the small
sample studied.

The occurrence of two or more separate patchés on a hél_f-
mesonotum may be explained in two ways: eith_er 'they representv. iﬁde—
pendently induced marked cells, or a single evehf:, producing ma;"ked
cells which become sepabrate'd during development, as discussed earlier.
Independent induction is more likely té occur when there are large num-
bers of cells available for treatment, as in the 24-48-hour X- ray se-
rivesv {(31% with two ér more patéhes), than in the case éf thé gbyn.anders
(‘11.4% with two or more patches), Whiéh ﬁs.ﬁally'result .fi'bm X-chro- -
mosome loss in early cleavages. Itis also possible that some of the
gynanders with two patches result from secondary loss of the ring"é-vX. in
later developmental vsrtages. On the other haﬁd; separati‘on of'maﬁi{ed
cells originating from the same line may io-.e éarticularly_ likely to f‘<:>ccur
during cell migration, as in 'the formation of the'mésonotal su;rfg.é_e
ffom the monolayer of disc material during pupatioﬁ; These alte:'z"na-
ti{rles cannot be distinguished when individual cases are considereé. :

It is clear from study of individual specimens that factors:'.'of

randomness are superimposed upon a generally ordered process of cell

~%
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lineage. If, however, l1neage relatlonshlps were ‘co.rnpletely random,
we should expect a much greater degree of mixing of cell types, o’r a
’lsalt and pepper'' pattern in the mosaics. | Instead, with the specific

exceptions noted above, observations of individual specimens do support

the hypothesis that, in general, blocks of related cells remain together

within the developing disc Relat10nsh1ps of reg1ons are better deflned
and clustering is best revealed by means of multivariate statlstlcal

treatment,.

\

C. Sectional Analysis of Other Mesothoracic Regions
Two new areas of the mesothorax not prev1ously studied were
sect1ons 55 and 56 on the ventral surface of the scutellum (shown flat

on map, Fig. 2). These sect1ons are significantly corlelated (p01nt-

: blser1al r) with each other but vv1th none of the other sections. (Sec—

tions 53 and 54 contained only'two ‘and eight cases with marked chaetae, |
respectively, so were excluded from analysis. )

On the mesopleura, section 58 is correlated only with section
6:0; section 59 is related only to section 61. These correlations sug- -

gest 1ndependence of deveIOpment of the meSOpleural reg1on, at least

~after the time of initiation of mosaicism. Although these correlatlons

also suggest 1ndependence of sect1ons 58 and 60 from 59 and 61, prin-
cipal-component analysis leads to a d1fferent conclusion, as mentlone.d '
later. (Section 62; with only four casesv, was exc‘luded from analYSis.)‘

The regions contained in Cluster VI in the pr1nc1pal component
diagram (Fig. 9a), - although representing rather w1dely separated parts
of the mesothorax (the undersurface of the scutellum plus the meso-

pleura and '"arch''), are actually'located in approximately the same °
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horizontal plane when viewed from the side (see Zalokar, 19475. Al_—
vt;h'ough at present there are insufficient microchaetal markers availabie
fof study of cell lineage of the tissue sﬁffaces located between all the _.
sections of Cluster VI, itis possible that the entire pleurél surface
and the ventral side of the scufellum'form an independent cluster of -
related cells. It is cértainiy clear that the two fegions studied are
more closely related to each other than to the-doréal surface of t}__le
m.esonotum.

Séction 57, the thin band com'iectinvg- the ventral scutellar ar}d
pieﬁral regions ("érchi'), is found to be relatéd only to the”dorsal,:.,fpos-
terior surface of the mesonotum by point-biserial correlations (Flg 7g).
However, the results of principal- componénf analysis, utilizing the
third principal coordinate indicate that it belongs to Cluster- VI, Wthh
includes only the ventral scutellum and mesopleura. One posvsibl'e_j ex~
planation for this diécrepahcy is that a spurio.us siatisvti'c;al result oc-
curred due to the small number of cases (22) invélv’ed. o

D. Intracluster R,elationship :

Groupings of regions within the clu_sters themselves were con-.
structed by using additional information derived from principal coord-

dinates. Intracluster subregions based on the third ,priflc':ipal coordinate

D

are derived by circling of clusvte;xf;s'_"(as in the initial t\'x;o*-d'ir.ne,'i'x.-s;iqﬁél--

’ .a\n-alysis), as s};jo_vyn in Fig. 40, ‘and £rénsf‘er_ririg cluster des'i'g‘.n‘atigivls'. to

the mésothorgcic map (Fig. 9c¢). V V | . .
C;,i.u.s'térs I and VI appeavrwto be homogeneous. With'. regarci;;}to

Cluster VI, the intracluster grouping found by usiﬁg only point:-_-bi’éze'r‘ial

coefficients is not supported. T L T T
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Cluster II can be divide’d; ihto about four subgbroups, some of
'Which are not contiguous on the rvnesothor‘a.cic map. Sections 6, 7, and
13 are isolated from the other subg'xl'ou'p_s in this dimension. ‘S'ections
14 and 29 form the only subgroup in Cluster III; the remaining points
.are highly scattered. In Clusfer 1V, there ar.é four contiguous sub-
groups which separate thé included macrochaetée into two different
regions.

Not all the subdivisions are necessarily méaningful in terms of
developmental history, but independént support exists for at least the
one in Cluster IV. As mentioned earlier, in the correlation diag;am
for the 17—60-hoﬁ-r X- ray series (Fig. 5b), the Pr and the Anp may be-
placed in a group separate from the Pnp, Asé, and Psa macroéhaetae,
which is in agreement with Noujdin;s subdivision of the mesonotum.
Data from Sidoroff (1935) utilizing position-effect specimens also con-
firm this separation.

The isolation of points corresponding to sections in the mid-
region of the mesonoturﬁ,. especially for Cluster III, may reflect vari-
ability in growth patterns in areas of the disc formed from a combina-

a8

tion of several cell lines.
 Discussion
The paired dorsal mesothoracic discs are the largest of the
imaginal anlagen, each containing the primordia of several large sur-
face areas of the adult fly; namely, mesonotum, meso-, ptero-, and

postpleurae, and the wing. According to Auerbach (1936), these discs’

originate in the embryo and are visible in newly hatched larvae as
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small, invaginated, ._one-layered. sacs. Du.ring the second instar, each
disc proper can be distinguished as a thickening of cells which make up
the inner wall of the sac (the outer wall forms the thin peripodial mem-
brane). The disc grows by cell division throughout the larval instars,
the fusiform cells being stacked somewhat like vcoi'ns,-perpendicular to
the long axis of th.e disc. At pupation, the imaginal hypoderm cornving‘
from the proximal portion of the disc spreads over the mesonotal re-
gion of the thorax, replacing larval epldermls and finally", about 8 -hours.
following puparium fo’rmation, fusing with material from other discs in
the dorsal region. (Bodenstein, 1950). Meanwhile, a more distai por—
tion of the disc invag'inates, growing-outward as a -large, two—layefed
sac-like structure which repreeents the future wing. The most dlstal
region of the disc, called the marglnal ridge by Auerbach, per51sts in
its original location during wing 1nvag1nat10n 1ts adult counterpart has
not been described. |

Our analysis, which specifically deals with only mesonotal:and '
pleural anlagen, reveals that the spatial relationship among cells devel-
oping from the same ancestral line is.generally _clonal.; i.e., eell lines
tend to be preserved as clusters, at least from the t1me of their genet1e
V”labeling” early in ontogeny unt11 the1r man1festat10n as marked brlstles
in the adult fly. Thus, on the one hand NQqulrn-S hypothes1s -of- the re- |
gional nature of mesonotal cell l1neage is supported. Accordmgly, ‘ ‘
Sturtevant's conclusion that the "genet1c relat10nsh1p of two trlchogen‘lc
cells .* . is not dependent on whether the 11ne 301n1ng them is longltudl—
nal or makes any given angle with the long axis of the fly'" must be ;nod-

'1f1ed since the existence of clusters (or restricted regions) rriakes'
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direction a crucial factor in the pattern of. development. On the other

‘hand, as maintained by Sturtevant, distance between brisbtle_s does play =

an important role in their genetic relationship to each other, as gener-

ally confirmed by logarithmic graphs in our analysis. The important

-exceptions to the logarithmic rule occur in areas which are much more

intimately related by cell lineageb than the_i:_r. map distances would iﬁndi-v
cate. This situation is understandable if one assumes: high 'gro.wthv rates
in.f::hese particular regibns coupled w‘ith specific difections of growth as
mentioned for Cluster II. vIt should be emphasized that the role of dis-

tance is particularly clear in mesonotal disc primordia, since we-are

.d_e'aling with cell lineage within a single-layered epithelial tissue. |

New information‘, dealing with the development of thé entirze dof—
sal mesothoracic disc (although at a cémparatively grdss level), .irnade
av’ailable since the early contributions of Sturtevant and Noujdin, lends
further pertinence to the study of cell lineage. By.means of cutting out -
and trans.planting specific parts of the mature dorsal mesothoracic disc
into metamorphosing hosts, ‘Hadorn and Buck (1962) were able to con-
struct a map of prospeétive regions within the disc. This experiment
demonstrated that _speéific areas within the disc are already dete_rmined
in mature third instar larvae: the future mesonotum is located in the
proximal portion, .the prospective wing in the distal region of the disc.
The positional map derived for prospective macrochaetae 'éf the mes-
onotum is clearly related to actual locations of bristles in the adﬁit
(éee their Fig. 3), as‘are specific regions‘ of the wing bportion. _(P.leu-
ral i’egions could not be mappedi due to lack of marker chaetae. ) :

It is of great interest that the cluster relationships which we
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derived for macrochaetae by marking -cells much earlier in deve10p§ |
ment (24-48- or 17-60-hour X-ray ser1es) are in general agreement. .
with the scheme of Hadorn and Buck. Spec1f1cally, their map: separates’
presumptive macrochaetae into three reg1ons: one group’Contains the
presutural and the notopleurals, the second includes dorsovcentbrals,
postalars: and"’supraalars, the third contains only scutellars -The only
point of d1sagreement w1th our data is with regard to the supraalars,
Wthh we f1nd to be more closely related to the presutural and notopleu—
rals. Itis likely that this discrepancy is the result of the method of
cuttmg and transplanting the. d1sc, wh1ch is relatively crude compared
with using genetically marked discs in situ. This correspondence '
.means that the cell l1neage relat1onsh1ps detected by mark1ng cells in
the first 1nstar are maintained throughout development no ma_]or re-

- organization of cell groups, at least w1th respect to those detectable
using mesonotal- macrochaetae, takes place betw_een the,f1rst 1nsta-lf and
pupation. B - L
Although the Hadorn and Buck study did not 1nclude the pleural
regions, our analysis shows that Cluster Vi, contalmng the ventral
scutellum and mesopleura, has a S1gn1f1cant negative correlatlon w1th
the remaining five (mesonotal and dorsal scutellar) clusters. That the
pleural regions of the mature disc may be more closely related to the
wing than to the mesonotal anlage was suggested in ext1rpat1on exper- '
iments (Murphy, 1967). It is poss1ble that the pleurae may or1g1nate o -
from the most distal part of the disc, which is on the opposite side ':'of o
the wing pouch from mesonotal primordia, be1ng spat1a11y (and ontoge- '

netically) separated from the proximal mesonotal regions by the w1ng
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blade primordium, and that during pﬁpation, the pleural hypodermis
migrates to the pleural silrface of the thorax, covering it in a manner.
analogous to mesonotal tissue on the dorsal surface. Future develop-
mental study including proper cell lineage studies utillzing markers in
mesonotal, wing, and pleural areas 1s ne’cessary'lin order to locate the
pleural primordia within the lmaginal disc. |
The spatial stability of cell lines within the dorsal mesotho.racic

dl__sc as revealed by both transplantation and genetic marking techniques,
fevcl's a hypothesis of prepatterning of larval disc cells with regard to
regional characteristics, followed by-their final deterrninaticn and posi—.
tioning during pupation Since the clonal nature of ancestrally related
cells is the predominant cell llneage characterlstlc of the adult mesono-
tum and mesopleura, 1nd1v1dual cell mlgrahon cannot play a rna]o.r role
in normal development. (The small percentage of noncontiguous patches
oil.individual specimens, some of which represent independent eve'nts,
also argues against a hypothesis involving migration of individual cells
in the formation of the dorsal mesothoracic and.pleura-l regions.) This
corlclusmn is most clearly conflrmed by our study of macrochaetal ref-
erence po1nts with relation to other, larger (multicellular) sections of
the mesonotuln. In all cases, individual macrochaetae are signiflc"antly
~correlated with their surrounding and neighboring sections (point--._j g
~biserial coefficients). No macrochaetae form noncontiguousvportions of
clgsters (by principal component analysis, Fig. 9a). |

| Thus the 51tuat1on found in normal development is quite different

from the individual, autonomous migration of 51ngle determlned‘_ce_lls to

their proper adult sites, as was found in in vitro studies with artificially '
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mixed cell populations (Ursprung and Hadorn, 1962; Garcia-Bellido,
1966). Indeed, the only evidence for rn'igratlon arislng from the present
study is limited to so-called '""passive migration" (U:rs'prung_, 1966) of a
group of cells by differential force‘srrbet_ween”cell ’cluisters as they grow
and later as the;t move into position on the mesothorax duringbpupation.
Examples -of this kind of migration may be found in our Cluster III,
"which has one noncontiguous section, and in the 1solated sections w1th1n
clusters derived by us1ng the third load1ng coefficient 1;1 pr1nc1pal—
component analysis. T.h1s type of ‘_'passrve m1grat10n" in situ was first
described for the .development of a fse;; comb site in Drosophila by
means of a cell lineage study (Tokunaga, 1962). |
.' An interesting parallel to the Drosophila case is found in d:v'evele
opment of ectoderm in the newt (Burnside and Jacobson, 1968).; Follo\%z-‘ '
ing gastrulatlon, cells marked with natural pigmentation'Spo_ts we_'re,. |
traced by‘time-lapse cinematograpvhyv. Dur’ing_ formatlon of the nehral
plate, cells persist in positional relationships wit_h‘their‘ne‘ighbor":s"; .E;’
there is no free-migration of individual cells, but rathe'r movernen't as
a continuous sheet. When (infrequently) mitoses occur, daughter cells
remain together. S1m11ar direct observat1ons of cell movement have
not been carr1ed out in Drosoph11a
M1tot1c activity within the larval wing disc has not been stud1ed
'1n detail, but the gradient of mitotic rates we have suggested over“d1f- » 1
ferent regions of the dorsal mesothorac:lc disc prov1des new- mforrnatmn
regardmg this basic aspect of drscvdevelopment.- .The grveatest rate of
cell proliferation occurs in the mesonotal disc region giving rlse to-

the most extensive area of the mesonotum, Cluster II (compare grachent



-37-  UCRL-19285
map, Fig. 3, with élust’er map, ‘Fig. 9a). In contra'st,A the lowest rates
are found in the region of the mesonotum bordering the point of inser-
tion of the wing, which is a C(-)mparativelsrvnarrow band of tissue in the
adult.

(By direct observatiori, regional differences in mitotic rate with-
in the pupal wing were found by Stumpf, 1956. She ﬁoted that mitosis
proceeds in a wave, first peaking in the proximal part of the wing and
g'r.aduaglly declining there as new peaks afi.se distally during the period
of 15-22 hours after pupatiOn. Williams (1968)' found differebnces in
frequéncy of marked patches. occurring on the. dorsal and ventral sur-
faces of the wing in gynandromorphs.  This may also reflect unequal

mitotic activity in different parts of the disc.)
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Footnotes
1The authors utilized an unpublished English translation.

2U51ng 140 kV, 4 mA, 1.5 mm. Aluminum 1nherent flltra.tlon plus

0. 75 mm. alumlnum external flltratlon,

3This part of the study was done in collaboration with William D,
'Hogan, who suggested use of the criterion of clustering in the
epace of principa.l cémponents,to partition the sections; he also
performed the necessery prograrﬁming and cdmp_ﬁtations and

authored relevant parts of the text.

4The statistical origin of the method of principal componentsl is
due to H. Hotelling. References to the work of Hotelling, as ,we'-'l.l_
as a comprehensive discussion ot multivariate methods,v may be -
found in C. R. Rao (1965), especially pp. 501-504; see also

"References,' pp. 510-513,

5Stu.rtev;:mnt"(1"929);1:h01.1;gfht his samples were gynandromorphs rather
than mosaics resulting from somatic crossing-over (which was not

known until later) (Stern, A1936_).

6In the position-effect specimens studieci by Noujdin, there was

""a whole series of cases of the presence 'of separate non-.mosaic.ﬂ_
cells within the limits of a clearly dellmlted mosaic spot.'" Th1s
apparent 1nterm1ng11ng of cell types p0551bly reflects a temperature
sens1t1v1ty of the position-effect phenomenon which occurs late 1n

development (Be cke r, 1966),



-39- UCRL-19285

References
POIPLOPPAIPOLPDIPPPIIIPIION

Auerbach, C.: The development of the legs, wings, and halteres

in wild type and some mutant strains of Drosophila melano-

gaster. Trans. R.oya.l'-So‘c. Edinburgh 58, 787-815 (1936)..
Baker, W. K. :. A clonal eyStem of differential gene aci;ivity.in

Drosophila. Develop. Biel. 16, 1-17 (1967). |
Becker, H. J.: Genetic and variegation mosaics in the e};e of

Drosophila.. In: Current Topics 1n Developmental Biology,

vol. 1. New York: Academic Press 1966.

*. . Birmingham, L.: Boundaries of differentiation of cephalic imagi~

nal discs in Drosophila. J. Exptl. Zool. 91, 345-363 (1942).
Bodenstein, D.: Investigations on the problems of metarﬁorphbsis.
VIII. .Studies‘on leg determination in insects. J. Exptl. fl_Zool.
87, 31-53 (1941). | |
~-- The postembryonic development of DrosoB.hila. In: Biology of
Drosophila, ed. M. Demerec, p. 275-367. New York: Hafner
| 1950.
Burnside, M. B., and A. G. Jacobson: Analysis of morphoge_neticm

movements in the neural plate of the newt, Taricha torosa.

Develop. Biol. 18, 537-552 (1968).
Dempster, A: P.: Elements of Continuous Multivariate Analysis.
Reading, Mass. : Avddison-'vWesley 1969.

Garcia-Bellido, A.: Pattern reconstruction by dissociated imagi-

nal disc cells of Drosophila melanogaster. Develop. Biv:ol.

14, 278-306 (1966).

Gehring, W.: Ubertragung und Anderung der Determinationsquali-



~

»

Hadorri, E., and D. Buck: Ueber ‘Entw‘icklungsl‘eistungen trans-

-——— The prosPect1ve S1gn1f1cance of imaginal discs in Drosop}nla

~40- _ UCRL-19285

titen in Antennenscheiben-Kulturen‘ von Drosbphila melanogaster.

J. Embryol. Exptl. Morphol. 15, 77-111 (1966).

plantierter Teilsticke von Fltigel-lmag1nalsche1ben von Drosthlla

melanogaster. Rev. Suisse Zool. 69, 302-310 (1962).

Murphy, C.: Determination of the dorsal mesothoracic disc in

Drosophila. Develop. Biol. 15, 368-394 (1967).

.i Noujdin, N. I.: Genetic analysis of certain problems of the physiolo.gy'

of developrﬁent of'Drosdphila melanogaster. (In Russian). Biol.
Zhur. Armenii_S, 571-624 (1936).
Plunkett, C. R.: The inte'raéction' of genetic and environmental factors
| “in d'evelopr.nent J. Exptl Zool. 46, 181-244 (1926).
Rao, C. R.: Linear Statistical Inference and its Applications,.

New York: Wiley 1965.

‘Sidoroff_, B. N.: Yel»lbw-mo’saics in the scute-8 line of Drosophila

!

melanogaster. (In inssian). " Biol. Zhur. Armenii 3, 737-739
(1935).
Stern, C.: Somatic crossing over and segregation in Drosthlla

 melanogaster. Crenetlcs 21, 625- 730 (1936)

~~-- The innervation of setae in Drosoghlla Geneticsl'ﬁ; \17‘2'-‘17'_3

(1938) L

J. Morphol: 67, 107-122 (1940). B -

--- The cell lineage of the sternopleura in Drosophila_ _

melanogaster. Develop. Biol. 7, 365-378 (1963).




C-41- _ UCRL-19285

* Stumpf, H.: Die Richtungen der Teilungsspindeln auf dem Puppenfligel
von Drosophila im Verlaufe der Mitosenperiode. Biologisches
Zentral. 75, 17-26 (1956).

* Sturtevant, A. H.: The claret mutant type of Drosophila simulans:

a study of chromosome elimination and of cell lineage. Z. wiss.
Zool. 135, 323-356 (1929).

- Tokunaga, C.: Cell lineage and diffe.rentiation of the male foreleg of

Drosophila melanogaster. Dévelop. Biol. 4, 489-516 (1962);

* =~=-, and N. Arnh\eim, Jr.: Age aependence of the locations of X-ray
induced somatic croséing over in Drosophila. Genetics 54,
267-276 (1966).

- Ursprung, H.: The formation of patterns in development., In:
Major‘}.?roblems in Developmental Biology. p. 177-213,

New York: Academic Press 1966,

. ===, and E. Hadorn: Weitere Unte'rsuchungen ﬁber Musterbildung

in Kombinaten aus teilweise dissoziierten Fliigel-Imaginalscheiben

von Drosophila melanogaster. Develop. Biol. 4, 40-66 (1962).

*  Williams, G.: Wing mosaics in Drosophila melanogaster. Master's

thesis, Dept. of Zoology, University of California, Berkeley

(1968).

*  Zalokar, M.: Anatomie du thorax de Drosophila melanogaster.

Rev. Suisse Zool. 54, 17-53 (1947).



marked patches in three groups of specimens.

and in parentheses, the number of cases in which only one bristle is affected (''singles'').

~-42 -

UCRL-19285

Table 1. Number of times stated pairs of macrochaetae are éimultaneouély involved in
' The numbers in the first row below
each bristle name represent total cases .involving that particular bristle in each series,

The number of ''singles'' in the 24~48-hour X-ray series was not calculated.

X-ray(hours)

Gynanders 17=-60" 24-48
Presutural (Pr)

119 (4) 71 (18) 31
Anp 88 26 15
Pnp 91 21 12
Asa 90 25 10
Psa 62 15 7
Apa 41 9 2
Ppa 38 6 2
Adc 62 22 7
Pdc 33 12 2

- Asc 27 6 2

Psc 27 6 3
Anterior notopleural (Anp)

98 (5) 43 (10) 27

Pnp 79 11 10

" Asa 71 11 6

" Psa 45 5 4
Apa 25 5 0
Ppa 20 4 0

. Adc 42 10 3
Pdc 17 6 0
Asc 9 4 Y
Psc 9 4 0

Posterior notopleural (Pnp)

_ 115 (2) 46 (2) - 26
Asa 101 39 17
Psa 69 27 12
Apa 46 6 5
Ppa 38 4 4
Adc 60 14 7
Pdc 34 8 2
Asc 26 ' 2 . 2
Psc 26 2 2

Anterior supraalar (Asa)
136 (2) - 95 (12) 27

"Psa 96 60 20

.Apa 73 20 4
Ppa 61 13 4
Adec 84 39 8
Pdc 83 22 3
Asc 50 5 2
Psc 51 5 2

Gynanders

X-ray(hours)

24-48

17-60
Posterior supraalar (Psa)
111 (7) 95 (8) 45
Apa 72 30 11
Ppa 61 18 10
Adc 73 50 12
Pdc 52 28 8
. Asc 46 7 3
Psc 47 6 3
Anterior postalar (Apa) .
‘ 153 (4) 85 (44) 32
Ppa 130 52 .19
Adc 102 40- 6
Pdc 90 36 10
Asc 111 24 -7
Psc 108 22 6
Postevrior'postalar (Ppa) .
147 (2) 97 (13) 38
Adc 99 42 - 10
Pdc 97 46 23
Asc 119 36 13
Psc 116 34 13
-Aﬁteri'or ciorsocentral- (Adc)
_ 149 (13) ° 143 (42) 42
Pdc - 95 52 21
Asc 84 23 8
Psc - 84 20 9
Posterior dorsocentral (Pdc)
123 (17) 87 (11) 49
Asc 85 24 16
Psc 83 24 17
Anterior scutellar (Asc)
151 (1) 162 (24) 42
‘Psc 145 . 132 40
Posterior scutellar (Psc)
- 149 (1) 153 (20) 46
Number half- - - -
mesonota o A
Grand total 325 494 185 -
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Table 4. Sizes of marked patches and their frequenc1es in three
groups of specimens. @

X-ray (hours)

Number of macrochaetae Gynanders
in patch » : (%) 4760 2448
- . (%2 ﬂ%}
1 12 . 36 39
2 8 38 30
3 5 11 16
4 12 5 8
5 -7 5 5
6 -9 3 1
7 4 <1 0
8 6 <1 0
9 3 <4 0
10b 2 <1 1
11 32 Lo<t 0
Average size of ' _
_ patch (all discs) 6.6 2.3 2.2
' (macrochaetae) v ’
Average size of patch; . : ‘
"mixed' discs only 4.4 2.2 2.2
"(macrochaetae) -
) @
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Table 5. Distribution by total number of marked sections
per disc in the 24-48-hour X-ray series (502 discs).
All larger numbers (>4) of marked sections have fre-
quencies < 0.05. Average number of sections marked .

.per disc = 7.88.

Number of marked B Frequency Proportion |
sections ’ L :
1 428 0.255
2 69 . 0.1437
3 47 0.094
4

36 0.072

e
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Table 7. Inter-cluster point-biserial correlation coefficients -

n . om v v v
1 0.508%  0.141 -0.069 0.000 | -‘Q.iooa"?’
I o 0.614% | 0.034 0.294 | | _0.2452
III - 0303 0.678%  -0.230% '_
v - EEEE 0.526% -0.222%
. o | - S
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Footnotes to Tables

Footnotes to Table 4:

a. In the Minute-n series, 33% of patches are ''singles, " having -
only one macrochaeta in the patch; no information regarding other

patch sizes is available.

b. Discs not "mixed" with regard to macrochaetal types; all marked.

Footnotes to Table 6

a. p <0.01 (XZ homogeneity test) except in the 24~48-hour X-ray
series, where p - < 0.001. Only positive, significant values are

listed for that series.

Footnote to Table 7

a. XZ homogeneity test p < 0.025..
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Figure Legends

1. Map of the dorsal mesonotum of Drosophila, after Plunkett
(1926). Macrochaetae (circles) are numbered from 63-73. . Ab-
breviations.for bristle names. indicated, where A, P =.anterior,

posterior. Dots represent microchaetae.

2. Artificial sections of the dorsal mesothorax used in scoring’
marked bristles. The ventral scutellum, '"arch,' and pleura»l
regions. of the map are drawn as if they are in the same plane as

the mesonotum. Bold strlpes 1nd1cate reg1ons not studied.

3. »Fre.quency of occurrence of marked bristles within the é3
artificial sections and with respect to the 11'macrochaetae in the
24~48-hour X-ray series. 'v Calculations based on 502 half- g
mesothoraces Sectlons 7-and 8 form the peak of the gradlent

Bold strlpes 1nd1cate regions not studled

40 Log-log plots of correlation coefficients vs distance between .

macrochaetal pairs avs measured on the Pvlunke.tt'diav'glv'am in;five
groups of specimens. .Dots oﬁ the arrowhead eides of iinevs‘
fepresent coefficients w'hic.:l"x‘ are sighificantly divf‘ferent from.;E;ero.
()(2 p<0.01). In Figs. a-d, ¢ coefficients are used; in Fvig‘;le,_
point-biserial r coefficients are ﬁsed (significance 1evel-a1eq

based on XZ hemogeneity test),

5. Correlation d1ag rams for four groups of spec1mens usmg only

- positive correlation coeff1c1ents (elther s1gn1f1cant ¢ coeff1c1ents

or Yule s Coeff1c1ents of Association-no s1gn1f1cance level known),'-. .
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where thel I'numb,er of lines connecting a macr”ochaetaul pré.ir is
approximately proportionél té the magnitude of the coeffici.ent.
Braces enclose groups of highly corrélated bristles. Fig. a:
Gynandromorphs. Fig. b: 17-60-hour X- ray lsveries.v Fig. c:
24-48-hour X-ray series. Fig. d: Minute-n | induced somatic
crossing-over series; Yule's Coefficients. .Fig. e: Same as in

Fig. d, using ¢ coefficients.

6. Log-lbg plot of point-biserial correlations between section 2

and other sections vs their respective distances from section 2 as

measured on the map in Fig. 2. Only 'doréa_l mesonotal sections
are considered (24~48-hour X-ray series). By inspection, the
circled points seem to disturb linearity of the plot. Points num-

bered by section.

7. Positive, significant (x2 p <0.001) correlations of represen-

tative sections with other sections. Correlated sections are
shaded; sections with insufficient data for analysis are faintly
stippled. Fig. a: Correlations with section 1" Fig. b: Corre-
lations with section 27. Fig. c: Co.rrevlations with section 28.
Fig. d:v Correlations with section 52; note lack of co{rrel‘ati\(?)‘n@iiri

o em @ €

section 43. Fig. e: Correlations with-seéi:iaérf'ii'; note lack ef

correlation in sections 2, 3, 18, 19. Fig. f: Correlations with™ - -

section 13; note lack of correlation in section 37. Fig. g: Cor-
relations with section 57.
8. Visual grouping of numerically coded sections into clusters.

The position of sectional points is determined by using the first
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two priricipal—components'as X and Y coordinates (see text). In |
section 57.(dot‘ted'line), _iﬁc;usioﬁ in Cluster VI baéed on use offtl:ié
third principai component or Z coordinate. | |
Fig. 9. ‘a:. Translation of 'the. .p.-'r-incip.al-compon.ent analysis cidSter_S in
in Fig. 8 onto thé meébthoré,c_ic.'iné.p. All clusf:é_rs az;e éont;iguous
 except for Clusfér III. Sections shown iﬁ ﬁfhitée: 'insuff.ic‘ien’c..d.ata'
.for analysis.. Heav}'rv"st‘l._'ip‘é's iﬁdicate r’egionsvnot studie'sv', F1g b:
The nine .regions of thelmééonotum derived ffom poéition-efféct
data by Noujdin (1936), as apprbximated on our map. The relation-
ship of the Asa and Adc bﬁstles (question marks') ‘to the régions.
wé.s doubtful, é.ccording' to No‘ujdlin, Fibgf c: ’f[‘ranslationv of the
intracluster groupings ‘plotted in Flg 10 onto the mesothorééic |
map. Heavy Stripes indicate regions not sfudied. ‘The question -
.marks indicate sections not includ.evd 1n any of ﬁhe subclusters’;
Fig. 10. Visual gr‘ouping of coded se;tioné within thé six cluster; a
| shown in Fig. 8 into subc{usters. _Posifion of points determined
By using the third principal-components (Z cqordihates). Pdints :

not circled cannot be placed in any subcluster (éee_ question,fnarks

Fipem,, .

1nF1g 9c).

Ad
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. -

As used in the above, 'person acting on behalf of the Commission"”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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