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Summary 

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-over induced by X-rays at 

17-60 hours following egg deposition, as well as by using gynandro- 
/ 

morphs, in which genetic marking occurs during early cleavage divi-

sions. Data from spontaneously occurring mosaics studied by Sturte-. 

vant (1929) and Noujdin (1936) were re-evaluated. 

Lineage relationships among the 11 mesonotal maérochaetae 

were traced by comparing 4 correlation data from samples marked at 

different stages. Correlation diagrams lead to groupings of related 

macrochaetae, suggesting that related cells remaintogether (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 inversely 

proportional to the distance between them (in agreement with the 

suggestion by Sturtevant). 

A more detailed, sectional analysis of most surface areas of 

the dorsal mesothorax was carried out by using mosaics on hairy flies 

on which microchaetae are present in normally naked areas. These 

mosaics were due to somatic crossingover induced during the first 

larval ins tar. Analysis of the sample confirmed the results obtained 

by using macrochaetae alone. The frequency of occurrence of marked 

bristles varies in different disc regions, which suggests a gradient pat-

tern of cell division rate within the disc. Distance between bristles 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 (particularly in parts of the disc which 

may have differential directions and rates of growth). 

Application of principal-component analysis to the sectional data 

gives a relatively unambiguous method for separating the sections into six 

clusters. With one exception, the clusters so defined are groupsof con- 

tiguous sections. 

Each section studied was found to be significantly correlated with 

its surrounding and neighboring sections; most marked patches on mdi-

vidual specimens are also contiguous. Passive migration" of groups 

of cells can be invoked as a developmental process in a few special 

cases. In general, cell lineage is nonrandom, in that the spatial rela-

tionship among cells developing from the same line is preserved through- 

out ontogeny. 

Introduction 
t#t'Vtflflflfl..flfl,t 	 J Vt lit. 

Cell lineage studies in Drosophila were originated by Sturtevant 

(1929). In his method of investigation, ?mos ai c H individuals with 

patches of phenotypically distinguishable tissue are produced by genetic 

techniques. . The cells of a "marked" patch in these adult specimens are 

assumed to be related by descent from a common ancestral cell in which 

the genetic change occurred. With two exceptions, Sturt'evant's pioneer-

ingstudysuggested the following basic c,oncept of Drosoph{la develop-

ment: that specific, deLermined regions of the adult body surface arise 
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from particular imaginal discs. Other.  workers (Birmingham, 1942, 

and Stern, 1963) later found that the two exceptional body areas de-

scribed by Sturtevant (cephalic and sternopleural regions) also arise 

from specific imaginal primordia. The validity of Sturtevant's interpre-

tation has been demonstrated repeatedly in other investigations: 

Noujdin (1936), Stern (1940), Bodenstein (1941), Gehring (1966), and 

Iurphy (1967). 

In line with the mode of development described by Sturtevarit, 

each dorsal mesothoracic or "wing "  disc gives rise to one wing and 

exactly one-half of the mesonotum (dorsal mesothorax). with its eleven 

constantly positioned macrochaetae and numerous microchaetae, as well 

as to the meso-, ptero-, and postpleurae. However, in contrast to the 

fixed developmental fate of the wing disc as a whole, specificallywith 

regard to the mesonotal primordium within the disc, Sturtevant con-

cluded that cell lineage was indeterminate. Analyzing a sample of112 

mosaics affecting the right or left halves of the mesonotum, he found 

that 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 particular 

pair of macrochaetae would be affected in the same half-me sonotum ap-

pared to be only a function of the distance between them, independent 

of the direction of the line joining them. These calculations were carried 

out only for the macrochaetae. 

On the basis of a larger sample of mosaics, and including areas 

marked by rnjcrochaetae as well as macrochaetae in his calculations, 
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Noujdin (1936) reached somewhat different conclusions. He scored for 

occurrence of marked patches over the entire haif-mesonotum by arbi-

trarily dividing it into a number of sections approximately equal in size. 

From the incidence of marked spots, he calculated the "Bravais". or 

correlation coefficients between individual sections,later grouping highly 

correlated sections into larger "regions." 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 direction was important, in that correlatiOns 

between pairs of sections were higher in the anterior—posterior direction 

than laterally. Noujdin suggested that cell lineage of the mesonotum was 

nonrandom in that (1) all cells within the "regions' 1  composed of highly 

correlated sections were lineally related and that 
.

(2) the different "re-

gions' develop from primordia with separate cell lineages. 

The mosaics studied by Sturtevant arose in Minute-n stocks. jre-. 

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

obtained by Noujdin resulted from position- effect variegation 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 theymay include 

patches arising at various times in development. The conflicting conclu... 

.s'ions of the two authors may be due to their different methods of analysis, 

different natures of their samples, or both. The availability of more 

uniform samples, namely mosaics arising from somatic crossing-over 

induced by X-rays during limited periods of development, has led us to 

re-examine the question of cell lineage within the mesonotum. 
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Materials and.Methods 

Sturtevant and Noujdin employed two different methods of record-

ing their data. Scoring of mutant patches 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 mesonotum which contain no macrochaetae are automatically 

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 assignment of a 

patch to one section or another was uncertain. 

The first part of our investigation consisted of a comparison of 

macrochaetal data from X-ray-induced mosaics with results of the pre-

vious 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 times rang-

ing from 17 to 60 hours after eg.g deposition (total dose 1000-1500 r). 

These authors obtained flies having patches of yellow (1-0.0), not-Bristle 

(2-58.0) or yellow, Bristle tissue on not-yellow, Bristle backgrouid; 494 

male haif-mesonota with marked patches involving macrochaetae were 

collected from their material. Out of the total of 494 half-mesonot, 

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 21.4% 

at 50-60 hours. All of these were mixed' hlf-mesonota, Li., having 

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

C 
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spot were recorded on standardized maps of the mesonoturn (after .  

Plunkett, 1926; see Fig. E). These samples were subjected to anal-

ysis of spots by using only the macrochaetal scoring method. 

For another comparison of macrochaetae, we studied drawings 

of male tissue spots from 325 "mixed" haif-mesonota of gynandromorphs 

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

Genotypes were as follows: the majority were yac Sn 3  (yellow, achaete, 

singed 3 )/R() 2 (Ring-X_chromosome #2) females with spots of Iac Sn3  

male tissue; a few were Iw(ycllow, white)/R(1) 2 females with1w 

male spots; a few others were sn 3/R(f) 2 females with Sn 3  male 

patches. (Loci: white, 1-1.5; achaete, 1-0.0; singed 3 , E-21.0). 

The second part of our investigation was designed to include 

marked patches involving microchaetae, to cover areas of the meso-

notum and mesothorax not studied previously, and eventualIyto facil-

itate comparison with the results of Noujdin. Flies were homozygous 

for hairy (h, 3-26.5), having microchaetae present on normally naked 

regions, including the dorsal and ventral surfaces of the scütellum, 

several additional areas of the mesonotum, on the mesopleura, and 

occasionally on a triangle of tissue lying medially between the ptero-

pleura and inferior postpleura (see Fig. 2, Section #62). 

To produce mosaics, larvae of the genetic constitution 
7. 	 2 

were .rradiated at 24-48 hours following egg deposition (total 

dose, 1500 r). Somatic crossing_over between.yellow and the ki-

netochore resulted in patches of yjow (yy tissue on not-yellow 

(+/i) background on hairy () flies; 502 such 'mixed" mesdñota 

were collected. The mesonotal and pleural regions were arbitrarily 
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divided into 62 separate sections; the H macrochaetae comprised addi-

tional sections. (actually points) 63-73 (Fig. 2). Outlines of the patches 

were first drawn on Plunkettts diagram (without sectional divisions). 

The sectional outline map was superimposed on an individual drawing by 

viewing both through a transparency illuminator; each of the sections 

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 e1en in 

hairy flies. Therefore, statistical comparisons were generally limited 

to the remaining 66 sections, which have a much more even distribution 

of microchaetae. 

The following statistical methods.were used for analysis of the 

data: 

I. Calculation of 

Among the H macrochaetae, correlations between the 55 possible 

pairs of bristles were calculated by use of homogeneity x 2  tests and con-

verting to coefficients. For example, taking the first pair of bristles 

in the 17.-60-hour X-ray series appearing in Table 1, one finds 

Cases Anp marked Cases Anp not marked Total 
Cases Pr 	 26 (observed) 	45 (observed) 	71 

marked 6.2(expected) 64.8 jxpte 
Cases Pr 17 (observed) 406 (observed) 	423 not 
marked 36 . 8 ex2ected 386. 2 (expected) 
Total 43 . 	.. 451 	 494 
\2809 

p=<00005 

X/total no. specimens = 80.9/494 
= 2 	th = +0.41 
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= coefficient, Pearson's mean-square contingency, or Bravais' 

correlation coefficient; cf is itself a derivative of the point-biserial 

correlation coefficient, r. 

Range: +1 to -1; 	is positive when observed>expected in the 

Hbo th 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, although he did no compute y, or probability values. The coeffi-

cient is statistically preferable to Yule's. Coefficient of Associàtión, at 

least according to Noujdin, who quotes Chuporoff (922) and lDiakondff 

(1922) (exact references to these papers are not given) to the effect that 

the Yule' s Coefficient gives a raised correlation. 

2. Calculation of the Point-istr1 r 

In our study of the 73 artificial sections (including the macro-

chaetal !p o in t s u) of the mesothorax in the second series of experiments, 

the point-biserial correlation coefficients Lr 
pbod were calculated for all 

pairs of sections (a computer was utilized). For example, the correla-

tion between sections 1 and 2 was calculated as follows: 

Cases #2 marked 

Cases #2 not marked 

Totals 

Cases #1 marked Cases #1 not markedTotal 

36 	 13 	 4Q 

17 

53 

r 	= (Mp-Mq) 
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where 	Mp = 36/49 = 0.735 	p' = 53/502 = 0.406 

- Mq = 17/453 = 0.038 	q T . = 449/502 = 0.894 

0.697 

p = 49/502 '= 0.098 

q = 453/502 = 0.902 

and 	 pq = 0.0084 	 p t q' = 0.0948 

fjj= 0.297 	 N/p'q 	0.307 

r 	(0.697)(0.297) +0.674 
—pbi 	0.307 

3. PrincipalComponent Analys 3  

By use of the hj phenotype, most regions on the surface of 

the mesonotum and mesopleura could be analyzed in terms of their re-

lationships to each other. The most direct approach to such a study is 

to examine relationships of individual artificial sections to all other sec-

tions, as in Noujdin 1 s analysis, taking sections one at a time and com-

paring the results. By using a multivariate technique, however, rela-

tionships between all the sections can be studied simultaneously and 

groupings can be derived more accurately and efficiently. Principal- 

component analysis may be used to examine whether the artificial sections 

can be classified, into groups, and provides a specific basis for such group-

ing.as may be indicated. 

If there were several lineages which developed into a coherent pattern 

(Le,., basically the same for every fly) on the ,mesothorax, then principal-

component analysis would separate the lineages into appropriate groups of 

points in principal coordinate space. Thus our analysis attempts to treat 

the data from the 73 sections (including the Ii. :macrochaetal "points') so 

that if natural groupings existed, they would be made evident, 

i 
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In the analysis, each specimen in our sample was regarded as an 

independent realization of a random vector. Each component of this ran-

dom vector can be identified with a unique point in p-dimensional Euclid-

ean space (Dempster, 1969); in this case, p = 73, corresponding to the 

73. sections, The coordinates of each such point are dependent exclusively 

on the probability distribution of the random vector through the covariance 

matrix. Sample estimates of the coordinates were obtained by performing 

upon the sample covariance matrix the operations outlined, 4  

The application of this methodto sample data involves finding the 

(p = 73) eigenvalues, and corresponding eigenvectors of the sample Co-

variance matrix (a computerwas utilized). The eigenvalues are rank-

ordered in decreasing sequence, corresponding to the am6unt of variance 

they describe. Their corresponding eigenvectors are written columnwise 

in the same order. The rows of the resulting matrix of eigenvectors are 

the estimated coordinates of the sections. 

The vector of principal components forms an orthogonal basis for a 

p-dimensional vector space, with covariance as inner product. Points in 

this space correspond to random variables which are linear combinations 

of the principal components; the length ofa vector drawn from the ori,gin 

to such a point is equal to the standard deviation ofl that rando variable; 

the cosine of the angle between two such vectors is equal to the correlation 

between the two corresponding random variable. Hence, if a set' of points 

in this space formed a compact cluster, then (1) they would have approxi-

mately the ame standard deviation and (2) they would be intercorrelated, 

with a lowerbound equal to the Cosine of the smallest angle whose sides 

enclose all the points within the cluster, 
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Each artificial section corresponds toa point in the space of prin-

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

14 	 however, each coordinate of eachsection must be multiplied 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 

in the sample. Results of plotting the sections using the first two principal 

coordinates are given in Fig. 8 (e, g0, for section 1, X and Y coordinates 

are +0,162 and -0,150). 

The points were not labeled as to section number until after the 

cluster boundaries were decided upon. In this way, the clusters were de-

termined in a blindfold" manner, so that their boundaries were not pre-

judged. The clusters were then decoded' 1  and the sectional map was divided 

into corresponding segments (see Figs. 8 and 9a). The third principal 

coordinate (or Z coordinate) was utilized in deriving intracluster groupings, 

as.plotted in Fig, 10, which were then transferred to the sectional map 

(Fig. 9c) 

The foregoing calculation was repeated, omitting data from 1e seven 

sections sparsely covered with chaetae listed above, (This operation re-

duced the total number of half -mesonota. to 498,) The only differences for 

the eigenvectors computed for the remaining 66 sections were at the third 

decimal place, i,e,, coordinates were essentially idential, which justifies 

omission of the sections in terms of their contribution to the total variability, 
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Results 

I. Frequency of Occurrence of Marked Bristles 

Occurrence of marked patches involving the H macrochaetae on 

half-mesonota of specimens with X-ray-induced somatic crossing-over 

and in gynandrdmorphs is summarized in Table 1, according to simul-

taneous involvement of the 55 possible pairs of bristles. In Table 2, 

these specimens as well as Sturtevantts Minute-n series (1929) are corn-

pared with regard to frequency of involvment of individual bristlesin 

marked spots. Similar data are not available from Noujdin's paper 

(936). 

The four samples taken as whole groups differ with respect to 

mean frequency of involvement of macrochaetae in a marked spot, as is 

shown by the F test for comparison of two means, summarized in Table 

3. The two X-ray series do not differ significantly; all other compar-

isons reveal significant differences at the 5% level. Therefore, we can 

assume that the gynandromorph sample, having the highest frequency, 

has marked spots initiated at the earliest time, that there is a later in-

duction in the Minute-n sample, and that the X-ray-induced mosaics, 

having the lowest frequency, are initiated still later in development. 

The sizes of the marked patches found within different groups of 

specimens su.pport the. above assumption as to chronological order.of 

induction. A.. s shown in Table 4, the average patch size in gynandio-

morphs is very large, involving 6.6 of the 11 rnacrochaetae (4.4 if.ônly 

'mixed discs are considered), whereas in bothX-ray-induced series, 

the average patch is much smaller, containing about 2.2 rnacrochaetae, 

indicating 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 series) in the second part of our investiga-

tion, the average marked spot involves only 7.88 of the 73 sections and 

the most frequently occurring size involves only one section (Table 5), 

again indicating a late induction. 

The above results from comparisons of average size of patches 

in each sample are further confirmed by analyzing each of the eleven 

macrochaetae. The frequency of involvement in marked patches among 

the different series is shown in Table 2. Considering only their face 

values, frequencies of involvement follow the same order as in Table 3 

for seven of the H rnacrochaetae; that is, 1ighest for gynanders, fol-

lowed bythe Minute-n, then the two X-ray series. Only the Psa, Ppa, 

Asc, and Psc do not conform exactly to this pattern. The Minute-n 

series is unique with respect to the very low frequencies of involve-

ment of the scutellar bristles. 

Considering the four sets of data in Table 2, significant differ-

ences at the 5% level (x 2) 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 braces joining them. The 

35, significant differences may be summarized as follows: The gyñan-

ders differ from the Minu±ëen specimens with respect to frequency of 

involvement of six of the macrochaetae, from the 24-48-hour X-ray 

series with respect to 10 macrochaetae and from all H macrochaetae 

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

the 24-48-hour and. 17-60-hour X-ray series in the cases of sevenand 
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nine macrochaetae, respectively. Finally, the two.X- ray series differ 

from each other with respect to only three of the 11 bristles. 

In addition to the. foregoing differences among the various series, 

2 	 .  
x tests carried out within each experimental group indicate that, re- 

gardless of the origin of the sample, the different macrochaetae do not 

have the same frequencies of involvement in marked patches. For ex-

ample, in the 17-60-hour X-ray series, the presutural bristle is af-

fected in only 14% of the specimens, whereas the anterior dorsocentral 

is affected in 2 9%. These variations suggest a difference in suscepti-

bility or in growth patterns, or both, among cells in different locations 

at the time of mosaic initiation; i.e. , induction of marked cells may not 

occur at random in the mesonotal anlage. 

When data from Table 2 are considered with reference to bristle 

position (see mesonotal map in Fig. 1) in the adult, frequencies are 

generally lower for anterior bristles such as the presutural and noto-

pleural macrochaetae than for the posteriorly positioned postalars and 

scutellars. Moreover, frequency.patterns are similar for the four 

sets of data (with the main exception being the low frequencies for 

scutellars in the Minute-n series), indicating general differences in 

sensitivity to mosaic induction or variable growth patterns in differ-

ent parts of the disc. 

The frequency differences indicated by study of macrochaetal 

reference points are.revealed as part of a larger gradient pattern 

when other sections of the half-mesonotum are considered in the :sec. 

ondpart of our study (24-48 7 hour X-ray data, Fig. 3). There is an 

increase in frequency of marked bristles from anterior to posterior 
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around the lateral edge of the mesonotum, as noted for the macrochae- 

tae. The anterior dorsocentral region is higher in frequency than the 

posterior dorsocentral region, and the region of highest occurrence is 

concentrated at the midline (sections 7 and 8), somewhat anterior to 

the lvel of the anterior dorsocentral. Frequencies decline 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, I

the largest h c lus ter u 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 higher 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 it is 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 gynandromorphs and X-ray-induced mosaics 

are presented 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, assigning them the units given in the second column in Table• 

6. From inspection of the distances and the corresponding Yule As so-. 	- 

ciation Coefficients, he concluded that 'development is indeterminate, 

in that the genetic relationship of two trichogenic cells, is on the av-

erage, inversely proportional to their distance apart 	" Indeed, 

when a correlation diagram is constructed using the Minute-n data and 

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

number of connecting lines, seems to increase as distance between 

macrochaetae decreases (Fig. 5d). 

The essential correctness of Sturtevant's statement is further de-

monstrated when coefficients are plotted against distance on log-log 

paper. This operation 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: (Gynandromorphs). Coefficients have the widest range of 

values amongthe four sets of data in Fig. 4. (Possible range-f1to -1.) 

The coefficients are concentrated at the extremes (high+ or - values), 

and 41 of the 55 values are significantly different from 0(' p< 0.01). 

(Lines crossing the graphs indicate significance levels.) 

a 
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 scatteied 

throughout range; 14 of 55 significant. 
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Fig. 4d: (Position effect series). Thirteen ofthe 22 coefficents cal-

culated by Noujdin are significant. 

In Fig. 4e, point-biserial r.values calculated for the 24-48-hour X-ray 

series are used. Calculations werebased on all 502 specimens (185 had 

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

The straight lines on the log-log plots which result for each of 

the samples indicate that the relationship between 4) coefficients (and in 

the last case, point-biserial r coefficients) and distance between bristle 

sites is actually an exponential one. This finding may be explained by 

a consideration of patch sizes among groups of specimens: (1) The av-

erage 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 

(ee Table 4). This is especially likely to occur if the distance btween 

chaetae is very small, as in the case of the Pr and Anp, separated by 

only 4units 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 urits. 

Thus, an essentially linear relationship is biased at both extremes of 

the scale and tends toward an exponential curve. 

2. Grouping of Macrochaetae by correlation Coefficients 

The finding of the general relationship between the correlation 

of bristle pairs and their distance apart is in agreement with the argu- 

mentof Sturtevant. However, more detailed analysis of the data reveals 

some interesting patterns of correlation when 4) .coefficients are com-

pared with reference to actual locations of macrochaetae on the meso-

notum. Figures Sa—c and e are constructed so that the number of 

lines connecting the macrochaetae is approximately proportional to the 
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magnitude of the coefficients. Only positive and significant coeffi-

cients are utilized. The differences among these figures are clearly,  

related to the time of origin of mosaicism in each of the experimental 

series. 

In gynanders, in which cells become 'marked" during early em-

bryonic stages, before establishment of the imaginal discs, macrochae-

tae may be separated into two groups of highly correlated bristles (Fig. 

5a). One group of five bristles contains the Pr, Anp, Pnp, Asa, and 

Psa; the other group is made up of the six remaining macrochaetaé. 

Lower coefficients .connect the two groups. The correlation diagram 

indicates that cells ancestral to the macrochaetae appear to be restrict-

ed into two main developmental groups which do not subsequently inter-

mingle. Marked tissue arising.by  cell division after establishment of 

these clusters could include presumptive bristle cells (or their ances-

tors) within only one or the other of the restricted areas. Individual 

variations in cell lineage within the established disc, i.e. , in the posi-

tion of the hypothetical "constriction" between the regions, could ac-

count for the weaker correlations connecting the two main groups. It 

must be emphasized that the lineage relationships indicated in correla-

tion diagrams can represent only average patterns of development. In 

individual specimens, marked patches often.overlap the "regions" or 

fail to.include the entire region. (For an illustration of specimens with 

overlapping regions, see Stern, 1940.) 

In contrast to the gynandromorph data, the series in which so-

matic crossing-over was induced 17-60 hours following egg deposition 
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(in which the vast majority of individuals were. in larval stages at the 

time of irradiation), the strongest correlations suggest separation of 

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

Anp; (Group 2)--Pnp, Asa, Psa; (Group 3)--Adc, Pdc, Apa Ppa; 

(Group 4)- -Asc, .Psc. The earlier pattern of development as described 

for gynandromorphs may also be observed in this figure. There is, a 

similar lack of strong connection between the Psa and the Apa and their 

respective related macrochaetae. Furthermore, weaker correlations 

connect X-ray groupings 1 and 2, which together are equivalent to gyn-

andromorph Group 1. In addition, X-ray Groups 2 and 3 are joined by 

weak correlations corresponding 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 hypothetical original division 

into two main areas, as if each of the two large blocks of tissue segre-

gates into two smaller blocks which subsequently develop as independent 

cell lines. Marker patches induced after this subdividing could involve 

only the presumptive macrochaetae included in a particular restricted 

region. 

The early determination of the mesonotal anlage into two sep-

ara.te areas, as best revealed by the gynandromorph diagram, is also 

indicated by the large number (42 out of 55) of significant coefficients 

in that series (both positive and negative).. The high numerical values 

of , either positive or negative, are.expectedif a presumptive macro. 

chaeta early becomes included in one of only two possible lines of cell 

lineage. In later stages, as the two large areas became subdivided; 
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there would be more opportunities for variation in the cell lineage path-

way leading to an individual bristle;• The 17-60-hour X-ray data do 

have a lower number of significant coefficients (only 30 out of 55). 

{ 2  x p = O.OZ>p >001 for 42155  vs. 30/55. 

The hypothesis of gradual restriction of cell lineage pathways 

during development is best supported by a comparison of the correlation 

diagram derived from the 24-48-hour X-ray series with those of the 

gynandromorphs and 17-60-hour X-ray series. In the last experiment, 

the patch-producing event occurs later than in the gynandrornorphs 

(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.) As might be expected, the correlation diagram 

for the 24-48-hour series (Fig. Sc) is roughly intermedi.ate to the other 

two configurations. The five anteriorly located macrochaetae are bound 

together in one correlation group just as in Group I of the gynandro-

morph 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 series (Fig. 5b). The remaining six bristles form a group 

very much like Group 2 of the gynanders (Fig. 5a), although connections 

are not so strong. 

The Minute-n correlation diagram (Fig. 5e) cannot easily be re-

lated to either of the previous figures. Macrochaetáe maybe separated 

into the following groups: (Group 1)- -Pr, Anp, Pnp, Asa, Psá, Apa, 

Ppa (Group 2)--Adc, Pdc; (Group 3)--Asc, Psc. There are strong con-

nections between the Psa and the postalar bristles, a relationship not in-

dicated in the other two series. The other series reveal many connec- 
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tions between the dorsocentrals and other .macrochaetae; 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 developmental stages, 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 isolation of the dorsocentral 

and scutellar bristles as Groups 2 and 3 respectively argues for a time 

of origin of mosaicism comparable to that found in the 17-. 60-hour X-ray 

series. However, Gru.p it, containing seven macrochaetae, is larger 

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

Minute-n series seems to be a special case. 

To summarize, in addition to confirming a general relationship 

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

lationships between groups of macrochaetae by comparing correlation 

data from samples in which marked spots were initiated at different 

developmental stages. The data from gynandromorphs and it 7— 60-hour 

and 24-48-hour X-ray series do not conflict with each other, but the 

Minute-n sample differs from the first three sets. (Since only 22 of 55 

possible coefficients were calculated by Noujdin for the position effect 

series and his paper did not include raw data for involvement of pairs of 

macrochaetae, the resulting correlation diagram was incomplete and 

wa, s omitted from consideration.) 

B. Sectional Analysis of the Dorsal Mesonoturn 

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 
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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. 

1. Correlation and Distance 

The inverse and exponential nature of the relation between cor-

relation and distance suggested by our study of macrochaetae is also 

supported by sectional analysis. Using section 2 as an example, ap-

proximate distance between sections as measured on the Plunkett di-

agram is plotted against the point-biserial correlation coefficients for 

the section on log-log paper (Fig. 6). By inspection, the linearity of 

the plot appears to be disturbed only by the circled points; i.e., sections 

7 through 11, which show a higher correlation than expected simply 

according to distance from section 2. This discrepancy is indicative of 

the intimate nature of the cell lineage relationship existing between 

these seven sections on the median strip of tissue, as will be discussed 

later. 

2. Correlation Between Pairs of Sections 

Hypothetical cell lineage relationships can be derived, as in the 

Noujdin investigation, from laborious comparison of all the sectional 

correlation patterns followed by study of actual outlines of marked 

patches. The following are the results of preparing correlation diagrams 

for individual sections from our data. 

Without exception, each of the 59 sections was significantly cor-

related (x2p < 0.05) not only with all sections bordering it but also with 

many other sections. A sample pattern of correlation is shown in Fig. 

7à for section 1, 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. Extremely similarpatterns are obtained for each of the 

scutellar sections, which suggests a close relationship between them. 

In other mesonotal regions, different patterns of correlation are 

obtained, depending on the location of the section. For example, section 

27 (Fig. 7b), which surrounds the Pdc (section 70, scored separately), 

shows correlational relationships with the scutellum and with a large 

area of the surrounding mesonotal surface, whereas section 28 (Fig, 7c) 

surrounding the Pdc (Section 71.), is unrelated to the scutellum. Section 52, 

at the extreme lateral, anterior end of the mesonotum (Fig. 7d), is not 

related either to the median strip of sections or to the scuteliurn. 

Regardless of the particular pattern of correlation for individual 

section, related sections always form a continuous group or cluster. This 

clustering of correlated sections is to be expected if groups of lineally 

related cells stay together in the developing disc. There are three interesting 

exceptions to this rule: Section 1.1. (Fig, ?e) is correlated with only two 

posterior sections among the scutellar divisions, excluding anterior con-

necting sections. Section 1.3 (Fig, 7f) is correlated with a sheet of sections 

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

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 lineage problem. The results of plotting the 59 sections 
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of the meonotum and seven other sections of the mesothorax in principal 

coordinates are given in Fig. 8. As expected from the study of macro-

chaetae alone, clusters of points can be cOnstructed. Further subdivision 

of these primary clusters is made possible by using the third principal 

coordinate (Z axis); the latter was the basis for including section 57 in 

Cluster VI (dotted line). The six clusters, •designated by Roman numerals, 

were transferred to the mesothoracic map as diagrammed in Fig. 9a. 

Clusters include sections 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 II: 4, 	5, 	6 	7, 	8, 	9, 	10, 	11, 	12, 	13, 	15, 	16, 	17, 	25, 

26, 27, 39, 	68 (Apa), 69 (Ppa), 71 (Pdc)-. -median 

strip of tssue, including Pdc and.postalar area.. 

Cluster III: 14, 29, 30, 38, 70 (Adc)--midregion around Adc. 

Cluster IV: 31, 	32, 	33, 	34, 	43, 	44, 	45, 	46, 47, 49, 	50, 	52, 

63 (Pr), 	64 (Anp), 	65 (Pnp), 	66 (Asa), 	67 (Psa)-- 

notopleural, sup raalar, and presutural regions. 

Cluster V: 28, 35, 36, 37, 41, 42--midregion containing no 

macrochaetae. 

Other disc regions 

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

tl arch,tr and mesopleura. 
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The principal-component diagram of the overall surface of the 

mesonotum given in Fig 9a, utilizing mosaics induced in the 24-48-hour 

X-ray series, generally corroborates the conclusions derived from our 

earlier study of macrochaetae alone, using correlation diagrams. The 

rnacochaete' in Fig9a fall into groups comparable to those in Figs. 5a, 

b, and c. The basic separation of the five ante riormost 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, whichwas notshown 

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 divisionof the mesonotum into nine regions (as 

modified to fit our map in Fig, 9b), In general, theyare alike. The sepa-

ration of the scutellum as an independent region is identical to our finding. 

Our Cluster II, the median strip of tissue, resembles his Region (II), 

The main differences are as follows: () Noujdin concluded that the 

section containing the Asa could be placed in either Region (VII) or (VIII). 

Our macrochaetal correlation diagrams clearly group this macrochaeta with 

the Psa and Pnp, or in his Region (VIII), (2) Our Cluster IV corresponds 

approximately to Noujdin' s Regions (III), (VI), (VII), and (VIII) combined, 

Thus, his separation, at least with regard to the macroch.etae, is compar-

able to that derived in our 7-60-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 



-26- 	 TJCRL-19285 

and Anp are in one subgroup, and the Pnp, Asa, and Psa are in another. 

(3) Noujdin also found that the section containing the Adc (his section 1 4) 

is of a mixed nature, explaining that "it 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 macrochaetae and microéhaetae, we 

have studied it as two sections, namely 70 (Adc) and 28 (microchaetae). 

We see (Fig, 9a) that the Adc (section 70) belongs to Cluster III and section 

28 to Cluster V. Thus, separate cell lines may actually exist within one 

of the sections arbitrarily drawn by Noujdin. (4) Accordingto Noujdin, 

the half-me.sonotum is itself divided into upper and lower halves (with the 

exception of his Region II), although not in a rigidly differentiated sense. 

The clusters, established by our analysis, however, do not have smooth 

boundaries and cannot be separated by a Simple horizontal dividingline. 

(5) Noujdin's Regions (II) and (IX) are approximately equivalent to our 

Cluster II. , (6) The five mesonotal clusters" derived from the 24-48-4 -iour 

X-ray data are generally larger than Nou.jdin's nine mesonotal regions, 

which may indicate initiation of spots at an earlier stage in the X-ray-in- 

duced series 	 . 

Although there are other differences in details between the two 

independently derived diagrams, at least some of them may be due to 

the availability of marked areas in our hairy sample, in contrast to the 

lack of them inNoujdin's specimens. This may be especially true for 

areas where there are microchaetae in hairy, but not in wild-type flies. 

For example, hairy flies have many extra microchaetae in the postalar 

and posterior dorsocentral regioüs, areas where the two fiures differ 

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

resulted simply from difference2 in statistical treatment of the data. 



-27- 	 TJCRL-19285 

4. Continuity of Clusters 

With the exception of Cluster III, all the clusters defined in Fig. 9a 

are continuous with respect to actual location of the sections on the thorax.. 

(The only gaps are where there were insufficient data,) This result was 

expected, since we have seenthat all sections are significantly (positively) 

correlated with their bordering and neighboring 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 think that after the initiation 

of the areas II, III, and V as clusters, the later prolifè ration of Cluster II 

or V or both resulted in pushing and pinching the developing Cluster III 

into two parts. A similarly dynamic picture of cell lineage may have been 

revealed in the case of section ii (Fig. 7e), where originally related 

areas may have .become separated during development. 

When actual, as opposed to statistically derived, patches 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 in outline, and may 

show discontinuities. For example, in the gynandromorphs, 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 region 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 (31%)  have two 

or more distinct patches. In 75 of these specimens, the separate patch or 

patches consist of only a single bristle. There were 21 cases of separate 

patches simultaneously involving the anterior region of Cluster II and the 
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scutellum (Cluster I), The discontinuity within actual marked patches 

covering the median anterior microchaetae and scutellar regions in both 

experimental groups helps to explain the correlation diagram for section 

11 (Fig, 7e). 

In Minute-n - induced somatic crossing-over, however, Sturtevant 

states: 'i.. 

the male tissue in every case forms a single definite clearly-

marked patch, with no outlying spots and with no female tissue in the 

patch. "5 His finding of complete continuity may be related to the small 

sample studied. 

The occurrence of two or more separate patches on a half-

mesonotum may be explained in two ways: either they represent inde-

pendently induced marked cells, or a single event, producing marked 

cells which become separated during development, as discussed earlier. 

Independent induction is more likely to occur when there are large num-

hers of cells available for treatment, as in the 24-48-hour X-ray Se-

ries (31% with two or more patches), than in the case of the gynanders 

(11.4% with two or more patches), which usually result from X-chro-.. 

mosome loss in early cleavages. It is also possible that some of the 

gynanders with two patches result from secondary loss of the ring-X in 

later developmental stages. On the other hand, separation of marked 

cells originating from the same line may be particularly likely to occur 

during cell migration, as in the formation of the mesonotal surface 

from the monolayer of disc material during pupation. These alterna-

tives cannot be distinguished when individual cases are considered. 

It is clear from study of individual specimens that factorsof 

randomness are superimposed upon a generally ordered process of cell 
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lineage. If, however, lineage relationshipswere conpletely randoin, 

we should expect a much greater degree of mixing of cell types, or a 

6 
'salt 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. Relationships of regions are bette.r defined, 

and clustering is best revealed by means of multivarjate statistical 

treatment, 

C. Sectioral Analysis of Other Mesothoracjc Regions 

Two new areas of the mesothorax not previously studied were 

sections 55 and 56, on the ventral surface Of the scutellum (shown flat 

on map, Fig. 2). These sections are significantly correlated (point-

biserjalr) with each other but with none of the other sections. (Sec.-

tions 53 and 54 contained onlytwo and eight cases with marked chaetae, 

respectively, so were excluded from analysis.) 

On the mesopleura, section 58 is correlated only with section 

60; section 59 is related only to section 61. These correlati6ns sug-

gest independence of development of the mesopleural region, at least 

after the time of initiation of mosaicism. Although these correlations 

also suggest independence of sections 58 and 60 from 59 and 61, prin-

cipal-component analysis leads to a different conclusion, as mentioned 

later. (Section 62, with only four cases, was excluded from analysis.) 

The regions contained in Cluster VI in the principal-component 

diagram (Fig. 9a), although representing rather widely 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, 1947). Al-

though at present there are insufficient microchaetal markers available 

for study of cell lineage of the tissue surfaces located between all the 

se'ctions of Cluster VI, it is possible that the entire pleural surface 

and the ventral side of the scutellumform an independent cluster of 

related cells. It is certainly clear that the two regions studied are 

more closely related to each other than to the dorsal surface of the 

mesonotum. 

Section 57, the thin band connecting the ventral scutellar and 

pleural regions (Harchhi),  is found to be related only to thedorsal, pos-

terior surface of the mesonotum by point-biserial correlations (Fig. 7g). 

However, the results of principal-component analysis, utilizing the 

third principal coordinate indicate that it belongs to Cluster VI, which 

includes only the ventral scutellum and mesopleura. One possible ex-

planation for this discrepancy is that a spurious statistical result oc-

curred due to the small number of cases (22) involved. 	. 

D. Intracluster Relationship 

Groupings of regions within the clusters themselves were con-

structed by using additional information derived from principal cóord -

dinates. Intracluster subregions based on the third prinóipal coordinate 

are derived by circling of clusters '(as in the initial two-dmehs'ioriai-

analysis), as shown in Fig 40, and transferring cluster designations to 

the mesothoracic map (Fig. 9c).  

Clusters I and VI appear to be homogeneous. With regard to 

Cluster VI, the intracluster grouping found by using only point-biserial 

coerncients is not supported. 
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Cluster II can be divided into about :four subgroups, some of 

which are not contiguous on the mesothoracic map Sections 6, 7, and 

13 are isolated from the other subgroups in this dimension. Sections 

14 and 29 form the only subgroup in Cluster ILl; the remaining points 

are highly scattered. In Cluster IV, there are four contiguous sub-. 

groups which separate the included macrochaetae into two different 

regions. 

• 	Not all the subdivisions are necessarily meaningful in terms of 

developmental history, but independent support exists for at least the 

one in Cluster IV. As mentioned earlier, in the correlation diagram 

for the 17-60-hour X-ray series (Fig. Sb), the Pr and the Anp may be 

placed in a group separate from the Pnp, Asa, and Psa macrochaetae, 

which is in agreement with Noujdints subdivision of the mesonotum. 

Data from Sidoroff (1935) utilizing position-effect specimens also con-

firm this separation. 

The isolation of points corresponding to sections inthe mid-

region of the mesonotum, especially for Cluster III, may reflect vari-

ability in growth patterns in areas of the disc formed from a combina-

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, mesa-, ptero-, and 

postpleurae, and the wing. According to Auerbach (4936), these:.discs 

originate in the embryo and are visible in newly hatched larvae as 
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small, invaginated, one-layered sacs. During 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 
COIflS, perpendicular to 

the long axis of the .disc. At pupation, the imaginal hypodrm doming 

from the proximal portion of the disc spreads over the mesonotal re-

gion of the thorax,, replacing larval epidermis and finally, about 8 hours 

following puparium formation, fusing with material from other discs in 

the dorsal region. (Bodenstein, I950). Meanwhile, a more distal por-

tion of the disc invaginates, growing outward as a large, two-layered 

sac-like structure which represents the future wing. The most distal 

region of the disc, called the marginal ridge by Auerbach, persists in 

its original location during wing invagination; its adult counterparthas 

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 .generalJy clonal; i.e., cell lines 

tend to be preserved as clusters, at least from the time of their genetic 

tllabelingH early in ontogeny until their manifestation as marked bristles 

in the adult fly. Thus, on the one 

gional nature of mesonotal cell lineage.is supported. Accordingly, 

Sturtevant's conclusion that the "genetic relationship of two trichogenic 

cells . . . is not dependent on whether the line joining them is loniidj-

nal or makes any given angle with the long axis of the fly" must be mod-

ified, since the existence of clusters (or restricted regions) makes• 
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direction a crucial factor in the pattern of: development. On the other 

hand, as maintained by Sturtevant, distance between bristles 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 lineage than their map distances would mdi-

cate. This situation is understandable if one assumes high growth rates 

in these particular regions coupled with specific directions of growth as 

mentioned for Cluster II. It should be emphasized that the role of dis-

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

dealing with cell lineage within a single-layered epithelial tiSsue.' 

New information, dealing with the development of the entire dor-

sal mesothoracic disc (although at a comparatively gross level), made 

available since the early contributions of Sturtevant and Noujdin, lends 

further pertinence to the study of cell lineage. By means of cutting out 

and transplanting specific parts of the mature dorsal mesothoracic disc 

into metamorphosing hosts, Hadorn and Buck (1962) were able to con-

struct a map of prospective regions within the disc. This experiment 

demonstrated that specific areas within the disc are already determined 

in mature third ins tar 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 of the mes-

onotum is clearly related to actual locations of bristles in the adult 

(see their Fig. 3), as are specific regions of the wing portion. (Pleu-

ral regions could not be mapped 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 develop.. 

ment (24-48-. or 17-60-hour X-ray series) are in general agreement 

with the scheme of Hadorn and Buck. Specifically, their map separates 

presumptive macrochaetae into three regions: one group contains the 

presutural and the notopleurals, the second includes dorsocentrals, 

postalars and supraalars,, the third contains only scutellars. The only 

point of disagreement with our data is with regard to the supraalars, 

which we find to be more closely related to the presutural and notopleu-

rals. It is likely that this discrepancy is the result of the method of 

cutting and transplanting the disc, which is relatively crude compared 

with using genetically marked discs in situ. This corresporidence 

means that the cell lineage relationships detected bymarking cells in 

the first instar are maintained throughout development; no major re-

organization-  of cell groups, at least with respect to those detectable 

using mesonotal•macrochaetae takes place between the first insta.r and 

pupation. 

Although the Hadorn and Buck study did not include the pleural 

regions, our analysis shows that Cluster VI, containing the ventral 

scutellum and mesopleura, has a significant negative correlation with 

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 extirpation expér-

iments (Murphy, 1967). It is possible that the pleurae may originate 

from the most distal part of the disc, which is on the opposite sideOf 

the wing pouch from mesonotal primordia, being spatially (and ontoge-

netically) separated from the proximal mesoñotal regions by the wing 
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blade primordium, and that during pupation, the pleural hypodermis 

migrates to the pleural surface 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 utilizing markers in 

mesonotal, wing, and pleural areas is necessary in order to locate the 

pleural primordia within the imáginal disc. 

The spatial stability of cell lines within the dorsal mesothoracic 

disc as revealed by both transplantation and genetic marking techniques, 

• 

	

	favors a hypothesis of prepatterning .of larval disc cells with regard to 

regional characteristics, followed bytheir final determination and posi-

tioning during pupation. Since the clonal nature of ancestrally related 

cells is the predominant cell lineage characteristic of the adult mesono-

turn and mesopleura, individual cell migration cannot play a major role 

in normal development. (The small percentage of noncontiguous patches 

on. individual specimens, some of which represent independent evel-its, 

also argues against a hypothesis involving migration of individual cells 

in the formation of the dorsal mesothoracjc and pleural regions.) This 

co1clusion is most clearly confirmed by our study of macrochaetal.,ref. 

erence points with relation to other, larger (multicellular) sections of 

the mesonotum. In all cases, individual macrochaetae are significantly 

• 	• correlated with their surrounding and neighboring sections (point- 

biserial coefficients). No macrochaetae form noncontiguous portions of 

clusters (by principal component analysis, Fig. 9a). 

Thus the situation found in normal development is quite different 

from the individual, autonomous migration of single determined cells 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 migration arising from the present 

study is limited to so-called 'passive migration" (Ursprung, 4966) of a 

group of cells by differential forces between cell clusters as they grow 

and later as they move into position on the mesothorax during pupation. 

Examples of this kind of migration may be found in our Cluster Ill, 

which has one noncontiguous section, and in the isolated sections within 

clusters derived by using the third loading coefficient in principal-. 

component analysis. This type of 11 passive migration' in situ was first 

described for the development of a sex comb site In Drosophila by 

means of a cell lineage study (Tokunaga, 1962). 

An interesting parallel to the Drosophila case is found in devel-

opment of ectoderm in the newt (Burnside and Jacobson, 1968). Follow-

ing gas trulation, cells marked with natural pigmentation spots were 

traced by time-lapse cinematography. During formation of the neural 

plate, cells persist in positional relationships with their neighbors, ie, 

there is no free migration of individual cells, but rather movement as 

a continuous sheet. When (infrequently) mitoses occur, daughter -cells 

remain together. Similar direct observations of cell movement have 

not been carried out in Drosophila. 

Mitotic activity within the larval wing disc has not been studied 

in detail, but the gradient of mitotic rates we have suggested over dif-

ferent regions of the dorsal mesothoracic disc provides new information 

regarding this basic aspect of disc development. The greatest rate of 

cell proliferation occurs in the mesonotal disc region, giving rise to 

the most extunsive area of the mesonotum, Cluster II (compare gradient 
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map, Fig. 3, with cluster map, Fig. 9a). In contrast, the lowest rates 

are found in the region of the mesonotum bordering the point of inser-

tion of the wing, which is a comparatively narrow band of tissue in the 

adult. 

(By direct observation, regional differences in mitotic rate with-

in the pupal wing were found by Stumpf, 4956. She noted that mitosis 

proceeds in a wave, first peaking in the proximal part of the wing and 

gradually declining there as new peaks arise distally during the period 

of 15-22 hours after pupation. Williams (1968) found differences in 

frequency 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.) 

9 • 	 9 
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Footnotes 

1 The authors utilized an unpublished English translation. 

ZUsing 140 kV, 4 mA, 1,5 mm. Aluminum inherent filtration plus 

0.75 mm aluminum external filtration, 

3 Thi 	 is part of the study was done n collaboration with William D. 

Hogan, who suggested use of the criterion of clustering in the 

space of principal components:to partition the sections; he also 

performed the necessary programming and computations and 

authored relevant parts of the text. 

4The statistical origin of the method of principal components is 

due to H. Hotelling. References to the work of Hotelling, as well 

as a comprehensive discussion of multivariate methods, may be 

found in C. R. Rao (1965), especially pp. 501-504; see also 

"References," pp. 510-513. 

5Sturtevant (1929)thought his samples were gynandromorphs rathé 

than mosaics resulting from somatic crossing-over (which was not 

known until later) (Stern, 1936). 

61n the position-effect specimens studied by Noujdin, there was 

' t a whole series of cases of the presence Of separate non-mosaic. 

• cells within the limits of a clearly delimited mosaic spot.". This 

apparent intermingling of cell types possibly reflects a temperature 

sensitivity of the position-effect phenomenon which occurs late In 

development (Becker., .1966). 	. 	. 	 • 
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Table 1. Number of times stated pairs of macrochaetae are simultaneously involved in 
marked patches in three groups of specimens. The numbers in the first row below 
each bristle name represent total cases involving that particular bristle in each series, 
and in parentheses, the number of cases in which only one bristle is affected (si ng l es ). 
The number of "singles' in the 24-48-hour X-ray series was not calculated. 

	

X- ray(hours) 
	

X- ray(hours) 

	

Gynanders 17-60 24-48 
	

Gynander 	171-60 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 (An 

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 0 
Psc 9 4 0 

Posterior notopleural (Pn 

115 (2) 46(2) 26 

Asa 101 39 17 
Psa 69 27 ' 1 .2 
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 
Adc 84 39 8 
Pdc 53 22 3 
Asc 50 5 2 
Psc 51 5 2 

Posterior suraalar (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 (Apà 

153 (4) 85 (14) 32 

Ppa 130 52 19 
Adc 102 40 

1

6 
Pdc 90 36 10 
Asc 111 24 7 
Psc 108 22 6 

Posterior postalar (Ppa 

147 (2) 97 (13) 38 

Adc 99 42 10 
Pdc 97 46 23 
Asc 119 36 13 
Psc 116 34 13 

Anterior dorsocentral (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- 	 : 
me s one t 
Grand total 	325 	494 	185 
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Table 4. 	Sizes of marked patches and their frequencies in three 
groups of specimens. a 

Number of macrochaetae 	Gynanders X- ray (hours)  
in patch 	 (%) 17-60 24-48 

(%) (%) 

I 	 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 <1. 0 

10 	 2 <1 1 
• 	 1.1b 	

•32 <1 
L 

0 

Average size of 
patch (all discs) 	 6.6 2.3 2.2 
(macrochaetae) 

Average size of patch; 
?Imixed 	discs only 	 4.4 2.2 2.2 

(macrochaetae) 

0) - 	
'as. 
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Table 7. Inter-cluster point-biserial correlation coefficients 

.11 	:111 	IV .  V VI 

I 0 508a 	0.141 	-0 069 0.000 -0 100a 

II 0614a 	0.031 0.294 0245a 

III 0 303a  0  678a  -0  230a 

IV 0526a 0•222 a 

V a -0 259 
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Footnotes to Tables 

Footnotes to Table 4: 

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. 

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

Footnotes to Table 6 

a. p < 0.01 (x 
2

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. x 2  homogeneity test p < 0.025. 
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Figure Legends 

Fig. 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 =.antèrior, 

posterior. Dots represent microchaetae. 

Fig. 2. Artificial.sections of the dorsal mesothorax used in scoring: 

marked bristles. The ventral scutellum, "arch, ". and pleural 

regions of the map are drawn as if they are in the same plane as 

the mesonotum. Bold stripes indicate regions not studied. 

Fig. 3. Frequency of occurrence of marked bristles within the 63 

artificial sections and with respect to the H macrochaetae in the 

24-48-hour X-ray series. Calculations .based on 502 half- . 

mesothoraces. Sections 7and 8 form the peak of the gradient,. 

Bold stripe.s indicate regions not studied. 

Fig. .4. Log-log plots of correlation coefficients vs distance between 

macrochaetal pairs as measured on the Plunkett diagram in five 

groups of specimens. .Dots on the arrowhead sides of lines 

represent coefficients which are significantly different from zero 

( 2  x p< 0.01). In Figs. a-d, 	coefficients are used; in Fig. e, 

point-biserial r coefficients are used (significance level also 

based on X homogeneity test) 

Fig S Correlation thagrams for four groups of specimens, using only 

positive correlation coefficients (either significant coefficients 

or Yule s Coefficients of Association-no significance level kiown),'... 
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where the iumber of lines connecting a macrbchaetal pair is 

approximátèly proportional to the magnitude of the coefficient. 

Braces enclose groups of highly correlated bristles. Fig. a: 

Gynandromorphs. Fig. b: 47-60-hour X-ray series. 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. 

Fig. 6. Log-log 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 dorsal 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. 

2 
Fig. 7. Positive, significant (x 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: Correlations with section .28. 

Fig. d: Correlations with section 52; note lack of corre]9nin 

section 43. Fig. e: Correlations with sectin 11; note lackof 

correlation in sections 2, 3, 18 2  19. Fig. f: Correlations with' • 	: 

section 13; note lack of correlation in section 37. Fig. g: Cor-

relations with section 57. 

Fig. 8. Visual grouping of numerically coded sections into clusters. 

The position of sectional points is determined by using the first 



two principal-components as X and Y coordinates (see text). In 

section 57 (dotted line), inclusion in Cluster VI based on use of the 

third principal component or Z coordinate 

Fig. 9. a: Translation of the principal-component analysis clusters in 

in Fig. 8 onto the mesothoracic map. All clusters are contiguous 

except for Cluster III. Sections shown in white: insufficient data 

for analysis. Heavy stripes indicate regions not studies. Fig. b: 

The nine regions of the mesonotum derived from position-effect 

data by Noujdin (1936), as approximated on our map. The relation-

ship of the Asà. and Adc bristles (question marks) to the regions 

was doubtful, according to Noujdin. Fig. c: Translation of the 

intracluster groupings plotted in Fig. 10 onto the mesothoracic 

map. Heavy stripes indicate regions not studied. The question 

marks indicate sections not included in any of the subclusters. 

Fig. 10. Visual grouping of coded sections within the six clusters 	' 

shown in Fig. 8 into subclusters. Position of points determined 

by using the third principal-components (Z coordinates). Points 

not circled cannot be placed in any subcluster (see question marks 

in Fig. 9c). 
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L_I_..JflL.  

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: 

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 
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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