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Summary. A stock of Blattella germanica bearing the 
interchange T(3;12)/3;12 was subjected to close in- 
breeding with selection for random disjunction at 
metaphase I. After 3 -4  generations of  selection, inter- 
change quadrivalent chiasma frequency decreased, 
variability in free bivalent chiasma frequency increased 
sharply, and individuals with either random or directed 
disjunction were present in the stock. Random disjunction 
was modified from a ratio of 2 : 1 : 1 : 2  (adj.-l; alt.-1; 
adj.-2; alt.-2) to a ratio of  1 : 1 : 1 : 1. After 7-8 genera- 
tions of  selection, chiasma frequency appeared to 
stabilize at lower than normal levels and variability 
decreased for both quadrivalents and free bivalents. 
Directed disjunction was modified from a ratio of 
2 : 1 : 1 : 4  to 1 : 1 : 1 : 2 ,  and no individuals with the 
original high level of directed disjunction were detected. 
Chains-of-four tended to orient randomly, especially in 
individuals where the ring quadrivalents showed 
directed disjunction. Relaxation of inbreeding, but not 
selection, produced an increase in chiasma frequency 
and variability in both free bivalents and quadrivalents, 
but the modified ratios for both random and directed 
disjunction were retained. These results are discussed 
with respect to inbreeding effects and genetic control of 
chiasma frequency and metaphase I disjunction in 
interchange quadrivalents. 
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I n t r o d u c t i o n  

Classic cytogenetic studies on rye provide a major portion of 
the evidence on genotypic control of disjunction in inter- 
change heterozygotes (Lawrence 1958, 1963; Sun and Rees 

1967; Rees and Sun 1965; Thompson 1956). Recent work on 
interchanges has focused more on analyses of metaphase I 
orientations. Sybenga (1975) reviewed and, in several in- 
stances, clarified results from these studies, especially with 
respect to complex inter-relati0nships between disjunction and 
chiasma frequency (C.F.) and/or position. A new aspect of 
orientation was introduced by investigators that reported data 
on alternate-2 as well as the generally recognized alternate, 
adjacent-l, and adjacent-2 metaphase 1 orientations (Cochran 
1976, 1977; Endrizzi 1974; Lacadena and Candela 1977; 
Naranjo and Lacadena 1979; Vosselman 1981). What this 
means, of course, is that for each adjacent-disjunction type 
there is a corresponding alternate type, both of which result in 
viable gametes. The existence of alternate-2 was questioned by 
Boussy (1982), but the material from Blattella germaniea (L.), 
and other species as well, presents strong evidence against 
Boussy's argument (Cochran 1983; Rickards 1983). 

The discovery on two occasions of  altered dis- 
junction-orientation patterns in an interchange hereto- 
zygote, T(3;12)/3; 12, in B. germanica offered a prom- 
ising opportunity to combine studies on orientation 
with those on control mechanisms (Ross and Cochran 
1977, 1979). Normally the stock shows 70-72% alter- 
nate disjunction (Ross and Cochran 1975) with an 
underlying orientation pattern in ring quadrivalents 
that fits a 2 : 1 : 1 : 4  ratio of  adjacent-l, alternate-l, 
adjacent-2, and alternate-2, respectively (Cochran 
1976). The alteration was a change to random disjunc- 
tion with an orientation pattern fitting a 2 : 1 : 1 : 2 ratio 
(Cochran 1977). An attempt was made to maintain and 
possibly develop a true-breeding random disjunction 
trait by selection (Ross and Cochran 1982). A prelimi- 
nary assessment from embryonic lethality data showed 
that two main groups were still present; one with 
approximately 50% lethality in matings of T / +  males 
(presumed random disjunction) and the other with 
lethality centered around 38-46% (presumably a low 
degree of  directed alternate disjunction). The major 
change from the group used as a source of the selec- 
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tions was an apparent  narrowing of  the difference be- 
tween the two groups due to a lowered frequency of  
alternate disjunction. 

This paper presents cytological data gathered in the 
course of  the above selection experiments on T(3; 12)/ 
3; 12. In many instances, it has been possible to obtain 
data on chaining and C.F. at diplotene-diakinesis and 
on the disjunction situation at metaphase I in the same 
individual. The results document  changes which have 
occurred over about 16 generations of  selection. 

Materials and methods 

Physical properties of T(3;12)/3;12 quadrivalents were de- 
scribed earlier (Ross and Cochran 1975). In brief, the inter- 
change involves a small chromosome (No. 3) and the longest 
chromosome of the karyotype (No. 12). The breakpoint on 
chromosome 3 is near the center of the chromosome and 
apparently very close to the centromere; that on chromo- 
some 12 is centrally located but is separated by a short inter- 
stitial segment from the submetacentric centromere. Chiasmata 
occur in terminal or near-terminal positions and, in most 
quadrivalents, there is one chiasma in each arm (7% rupture 
into chains-of-four). These characteristics apply to the original 
stock, i.e., a backcross system utilizing the chromosome 3 
marker hooded-prontotum (hd) for identification of T /+  
individuals. 

The selected lines which furnished the main material for 
this study were described elsewhere (Ross and Cochran 1982). 
They originated from intercross progeny of T(3;12)/3;12 ~x 
T(7;12)/7;12 6 in which each genotype was identifiable by a 
morphological mutant (Ross and Cochran 1979). Males with 
random disjunction (47-51% alternate) and those with di- 
rected alternate disjunction (62-64% alternate) occurred in 
about equal frequencies. The latter differed from the original 
stock in having a lower frequency of alternate-2 orientations. 
Five lines were initiated from matings of T(3;12)/3;126 to 
non-translocation carrying r (hd/hd) in which embryonic 
lethality fell within the range typical of random disjunction 
(47-53%). Selection by sib matings was continued for ca. 12 
generations, following which the lines were combined and 
selections made from mass matings. 

Males for cytological study were drawn randomly from the 
selected lines at about the 3rd-4th generation of selection and 
again at about the 7-8th generation. A smaller group was 
studied 3-4 generations after instituting mass-matings. Le- 
thality data had shown similar types of response in the 5 lines, 
with patterns in each like that of the pooled data presented 
earlier (Ross and Cochran 1982, Fig. 2 E). Testes from 3rd-4th 
instar nymphs were prepared for examination as previously 
described (Cochran and Ross 1969). All were progeny from 
first egg cases. 

Results 

The pertinent characteristics of  the original T(3; 12)/3; 12 
stock are presented in Table 1. It is evident that the 
stock was reasonably homogeneous with respect to 
autosomal C.F. and the amount  of  quadrivalent 
chaining. The latter is, o f  course, inversely related to the 

Table 1. Translocation characteristics of the original T(3;12)/ 
3; 12 males 

C.F.A? C.F.Q. b % Chain- % Alt. Reference 
ing ~ disj.a 

1.33_ 0.02e 3.93 7.0 72.2 Ross and 
Cochran 1975 

- - - 66.0 Cochran 1976 
1.34+0.06 3.94 6.5-t- 1.8 68.0 Cochran 

unpublished 

a C.F.A. = mean chiasma frequency/autosomal bivalent; 
b C.F.Q.=mean chiasma frequency in the 4 arms of the 
quadrivalent, c at diplotene-diakinesis; d at metaphase I (rings 
only); ~ assumed autosome value on wild type individuals 
(Keil and Ross 1983) Mean+_ SE 

C.F. occurring in the quadrivalent. Changes that 
occurred in the course o f  selection are described below 
according to 1) chiasma frequency 2) disjunction and 3) 
relationships between chiasma frequency and disjunc- 
tion. 

Chiasma frequency 

Figure 1 shows chiasma frequencies of  free bivalents 
and quadrivalents of  T(3;12)/3;12 males for each 
period of  study, i.e., following 3 - 4  and 7 -8  generations 
of  selecting closely related pairs for 50% embryonic 
lethality and, finally, at 3 -4  generations after instituting 
mass-matings. The first set o f  data (Fig. 1, I) differed 
from those typical of  the original T(3;12)/3;12 stock 
and, presumably, the group used to initiate selection. 
C.F. among free bivalents was slightly, but significantly, 
higher (1.36-t-0.32 vs 1.34+__0.06, P<0.01) .  However, 
the greatest difference was the extensive variability 
(Fig. 1, range 1.19-1.62). Variability among the quadri- 
valents was also high but, in addition, mean C.F. was 
low (3.85 vs. 3.94 in the original stock). These charac- 
teristics were due to the break-up of  the quadrivalent 
ring into chains-of-four, as shown in Table 2, column 3 
(mean of  15.1+2.8 compared to 6 .5+1 .8  from Ta- 
ble 1). No unusual chaining was noted among the 
source group of  the selection lines (intercross progeny). 
T(3; 12)/3; 12 quadrivalents ordinarily show little 
chaining (Table 1). 

Figure 1, I and II, document  changes that occurred 
in C.F. between the 3rd-4 th  and 7th-8th  generations 
o f  selection. C.F. in the free bivalents apparently 
became stabilized at a lower than normal level (Ave. = 
1.27 + 0.19). This is a substantial decrease in the mean 
C.F., as well as in the variability, from that found at the 
3rd-4th generation (1.36__+ 0.32). A somewhat different 
pattern was seen in the quadrivalents. Variability 
decreased but C.F. seemed to have stabilized at two 
levels rather than one. I f  considered from the point-of- 
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Fig. 1. Chiasma frequency among free bivalents and quadrivalents ofT(3;12)/3; 12 males sampledin the course ofselection for 50% 
embryonic lethality. I sampled at 3-4 generations; H sampled at 7-8 generations; 111 sampled at 3-4 generations after a shift to 
selection by mass-matings (see text) 

view of  chaining, the major i ty  o f  individuals  s tudied 
had diplotene-diakinesis  chaining in the range of  
20-25% of  the cells, but  three had  values approaching  
that o f  the original  stock, i.e., 8.8-12.8% (Table2 ,  
column 6). 

Fol lowing mass-mat ing  a shift occurred in C.F. 
from the lower means  and reduced var iabi l i ty  among 
both free bivalents  and  quadrivalents ,  seen at 7 - 8  
generations, towards the higher  means  and greater  
variabi l i ty  found at 3 - 4  generat ions (Fig. 1, III  vs. II  
and I, respectively). Among  the free bivalents,  the mean  
C.F. was in termedia te  (1 .34+0.33)  between the two 
earl ier  sets o f  data,  but  the var iabi l i ty  equaled  that  at 

3 - 4  generat ions (1.36__+0.32). In contrast,  var iabi l i ty  
among the quadrivalents  was greater  than that  at 7 - 8  
generat ions (Fig. 1, I I I  vs. II) but  an increase in the 
mean  C.F. resulted in equal i ty  to that  found at 3 - 4  
generations (3.85 + 0.19 vs.3.85 + 0.25, respectively).  

Dis junc t ion  

As far as we are aware no individuals  in the original  
stock of  T(3;12)/3;12 exhibi ted less than about  65% 
directed disjunct ion (Table 1, co lumn 4). Heterogenei ty  
apparent ly  entered from crosses involving T(7; 12)/7; 12 

Table 2. Disjunction and chaining in T(3; 12)/3; 12 males following selection for 50% embryonic lethality 

I. At 3-4 generations II. At 7-8 generations 

Individual % Alt. disj. % Chaining b Individual % AIt. disj. % Chaining b 
no.' (tings only) no. ~ (tings only) 

III. After mass-mating 

Individual % Alt. disj. % Chaining b 
no. a (rings only) 

1 71.6 17.8 1 59.8 20.8 
2 67.4 3.2 2 59.8 20.3 
3 65.4 11.0 3 57.4 24.3 
4 65.4 13.4 4 57.3 - 
5 62.4 9.3 5 57.0 9.9 
6 58.3 29.1 6 55.4 8.8 
7 52.9 6.2 7 54.3 - 
8 52.7 21.8 8 53.2 - 
9 51.2 18.8 9 53.1 - 

10 50.9 17.9 10 51.9 12.8 
11 50.5 7.7 I 1 51.6 24.1 
12 50.5 14.3 12 50.8 - 
13 50.4 19A 13 50.4 22.6 
14 49.2 8.1 14 47.3 25.3 
15 40.1 30.1 
16 - 13.0 

1 57.0 10.0 
2 56.2 11.0 
3 53.6 22.0 
4 52.6 15.0 
5 52.2 7.7 
6 48.5 12.5 
7 - 12.6 
8 - 18.8 
9 - 23.9 

The individual data are arranged on the basis of decreasing % alternate disjunction at metaphase I, except for those where ob- 
servations were limited to the % chaining 
b Chains-of-four 
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(Ross and Cochran 1982). Judging from the lethality 
data, a few males among  these intercross progeny 
retained disjunction frequencies similar to the original 
stock, but most o f  those with directed disjunction 
showed a reduced frequency of  alternate types (ca. 
58-62%). Roughly one-third of  the males almost cer- 
tainly showed random disjunction. Following 3 -4  
generations of  selection for the latter trait, about half  of  
the males exhibited random disjunction among meta- 
phase I ring quadrivalents (Table 2, column 2). Four 
still showed disjunction like that o f  the original stock 
(65-72%) and 2 had an intermediate level like that 
prevalent among  the source group (58-62%). These 
data confirm the existence o f  considerable variability in 
this characteristic. Nevertheless, the underlying orienta- 
tion patterns suggest two main cell type ratios (Ta- 

Table 3. Comparison of metaphase I cell types from T(3; 12)/ 
3; 12 males of the original and the selected stocks 

Source Adj.-1 Alt.-1 Adj.-2 Alt.-2 % alt. 
disj 

Original s 167 76 72 388 66.0 
stock 

Inbred b 51 34 27 118 66.1 
(directed disj.) 

Inbred c 57 57 61 63 50.4 
(random disj.) 

a From Cochran 1976 
b After 3-4 generations of selection for random disjunction in 
males. Pooled data from individuals with 62-67% alternate dis- 
junction 

After 3-4 generations of selection for random disjunction in 
males. Polled data from individuals with 47-53% alternate dis- 
junction 

ble 3). Using a X 2 statistic the ratios of  adjacent-1 : al- 
ternate-1 : adjacent-2 : alternate-2 adequately fit a 
1 : 1 : 1 : 1 and 2 : I : 1 : 4 for individuals with random and 
directed disjunction, respectively. 

Continued selection through 7 -8  generations 
produced further changes (Table 2, II). The highest 
level o f  directed disjunction was only about 60%. The 
entire upper range of  this characteristic appears to have 
been eliminated from the population by selection. Al- 
though the frequency of  males with random disjunction 
apparently did not change very much, the distinction 
between directed and random disjunction is less clear- 
cut. 

The underlying orientation patterns could be 
analyzed for chains as well as intact quadrivalents 
(rings) (Table 4) because most individuals showed an 
unusually high percent chaining (Table 2, column 6). 
Orientation patterns from individuals showing directed 
disjunction (55-60% alternate) are presented in Ta- 
ble 4. Those from intact rings fit a ratio of  1 : 1 : 1 : 2  
(X]=3.19,  P>0.30) .  This is a marked shift from the 
ratio of  2 : 1 : 1 : 4 underlying the somewhat higher level 
of  directed disjunction seen at 3 -4  generations. Chain 
orientations in these same individuals showed complete 
randomness. The data fit a 1 : 1 : 1 : I ratio (X] = 1.93, 
P > 0.50). 

Corresponding data from those individuals classi- 
fied as showing random disjunction at metaphase I 
(47-53% alternate disjunction) are given in Table 5. In 
this case the data fit a 1 : 1 : 1 : 1  ratio for both rings 
(X] = 1.64; P > 0.80) and chains (X] = 6.78; P > 0.05). 
On the basis of  these data (Tables 4 and 5) it appears 
that the chain configurations at metaphase I orient 
independently of  the orientation exhibited by intact 
quadrivalent rings. However, in some individuals, 

Table 4. Counts ofmetaphase I cell types from T(3; 12)/3;12 males showing directed disjunction after 
7-8 generations of selection for random disjunction 

Adj.-1 Alt.-1 Adj.-2 Alt.-2 % Alt. disj. % chaining 
(rings only) 

34 (0) ~ 20 (1) 34 (0) 70 (0) 57.0 b 9.9 c 
29 (4) 29 (4) 26 (6) 53 (7) 59.8 20.3 
44 (9) 46 (11) 50 (8) 94 (8) 59.8 20.8 
25 (5) 22 (1) 24 (5) 44 (0) 57.4 24.3 
16 (2) 16 (0) 19 (4) 31 (0) 57.3 - 
44 (7) 37 (3) 45 (4) 73 (6) 55.3 - 
39 (6) 36 (5) 39 (3) 61 (3) 55.4 - 

231 (33) 206(25) 237 (30) 426 (24) 57.4+1.3 18.8+2.5 

Cell counts as intact quadrivalents (rings) and as chains-of-four (in parenthesis) at metaphase I. 
Chains identified following Cochran (1976) 
b Fits a l : 1 : 1 : 2 ratio at P >0.05; all others fit this ratio at P >  0.50 
c Percent chaining at diplotene-diakinesis in the same individuals. Based on metaphase I cells, the 
percent chaining is 9.2% 



D. G. Cochran and M. H. Ross: Modification of a translocation in B. germanica by selection 

Table 5. Counts of metaphase I cell types from T(3; 12)/3; 12 males showing random disjunction after 
7-8 generations of selection for random disjunction 
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Adj.-1 Alt.-1 Adj.-2 Alt.-2 % Alt. disj. % chaining 
(rings only) 

33 (18) ~ 35 (11) 46 (13) 36 (7) 47.3 25.3 b 
29 (7) 30 (2) 27 (9) 27 (3) 50.4 22.6 
25 (9) 23 (2) 20 (4) 25 (2) 51.6 24.1 
27 (2) 24 (1) 23 (2) 30 (1) 51.9 12.8 
26 (4) 22(12) 26 (6) 37 (6) 53.2 c - 
13 (2) l l  (4) 15 (0) 14 (2) 47.2 - 
23 (4) 26 (4) 26 (2) 25 (3) 51.0 - 

176 (46) 171 (36) 183 (36) 194 (24) 50.4 +_ 1.5 21.2 _ 2.4 

Cell counts as intact quadrivalents (rings) and as chains-of-four (in parenthesis) at metaphase I 
b Percent chaining at diplotene-diakineses in the same individuals. Based on metaphase I cells, the 
percent chaining is 16.4% 
c This value is in the range of overlap between random and directed disjunction and fits both the 
1 : 1 : 1:2 (P> 0.30) and the 1 : 1 : 1 : 1 (P> 0.20) ratios. All others fit the 1 : 1 : 1 : 1 (P> 0.30) 

Table 6. Counts of metaphase I cell types from T(3; 12)/3; 12 males after 3-4 generations of a change 
from inbreeding to mass mating with selection for random disjunction 

Adj.-I Alt.-1 Adj.-2 Alt.-2 % Alt. disj. % chaining 
(rings only) 

Directed disjunction 
25 (0) ~ 25 (0) 27 (0) 44 (0) 57.0 10.0 ~ 
31 (0) 28 (1) 22 (0) 40 (0) 56.2 11.0 

56 (0) 53 (1) 49 (0) 84 (0) 56.6___0.8 10.5___0.8 

Random disjunction 
16 (2) 14 (0) 19 (1) 19 (0) 48.5 12.5 
19 (4) 19 (1) 20 (1) 26 (4) 53.6 22.0 
18 (0) 18 (0) 18 (0) 22 (0) 52.6 15.0 
6 (0) 7 (0) 5 (0) 5 (0) 52.2 7.7 

59 (6) 58 (1) 62 (2) 72 (4) 51.7+ 1.5 14.3___2.4 

' Cell counts as intact quadrivalents (rings) and as chains-of-four (in parenthesis) at metaphase I 
b Percent chaining at diplotene-diakinesis in the same individuals. Based on metaphase I cells, the 
percent chaining is 0.4% for directed disjunction cells and 4.9% for random disjunction cells 

where counts o f  chains were highest, r andom disjunc- 
tion in tings seems to correlate with a tendency towards 
higher numbers  of  cells with adjacent  dis junct ion in 
chains. The only disconcert ing feature of  these da ta  is 
that in both cases (Tables 4 and 5) the percent  chaining 
is somewhat  lower at metaphase  I than it is at d iplotene-  
diakinesis. I f  anything,  one would expect the opposi te  
to occur. No  ready  explanat ion  for this f inding is 
apparent .  

Only l imited data  were ob ta ined  on metaphase  I 
disjunction for the inbred,  mass -mated  stock (Table 2, 
III  and Table 6). It appears  that  the higher  levels of  
directed disjunction are still rare or absent  (Table 6). 
The apparen t  decline in the percent  chaining has also 
impacted  upon  the number  o f  metaphase  I cells with 
ruptured quadr ivalents  (Table 2, last column).  Indeed,  

the numbers  are so small  that  their  value is quest ion- 
able. What  is apparent ,  however,  is that the or ientat ion 
patterns underlying both di rec ted  (1 : 1 : 1:2;  X] = 3.61; 
P >0.30) and r andom (X~ = 1.96; P > 0.50) dis junct ion 
remain  as they were at 7 - 8  generat ions o f  selection 
(Tables 6 and 4 -5 ,  respectively).  

Relationship between chiasma frequency and disjunction 

Table 2 shows that  both  high and low frequencies of  
chaining occurred in individuals  with ei ther r andom or 
directed disjunct ion as expressed in intact  tings. In- 
dependence  of  C.F. from the factor control l ing dis- 
junct ion in tings is also apparen t  in that  mass-mat ings  
caused a reversal o f  changes in C.F. (Fig. 1), but  dis- 
junct ion  and or ienta t ion pat terns  were similar  to those 
at 7 - 8  generat ions (Tables 4 - 5  and 6, respectively). 
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However,  C.F. did have an indirect influence on dis- 
junction. The absence of  directed disjunction (alternate) 
in chains, noted above,  reduced the overall frequency 
of  alternate disjunction in individuals showing directed 
disjunction in rings, at least in those recorded at 7 -8  
generations (Table 4). The average alternate disjunction 
based on all orientations recorded is 56.2 compared  to 
57.4% for intact rings (9% recorded as chains). I f  the 
comparison was based on 18.8% chaining, alternate dis- 
junction would be est imated at 55.7%. 

Discussion 

Interchange heterozygotes in B. germanica are of  
interest because of  the precise ratios which occur 
among the four orientation types at m e t a p h a s e I  
(Cochran 1976, 1977). Structural features that may  
facilitate the expression of  similar ratios among  quadri- 
valents of  different interchanges were noted earlier 
(Ross and Keil 1982). On the other hand, changes in 
such ratios within specific interchanges appear  to be 
genetically controlled (Ross and Cochran 1977, 1979). 
The present  experiments  provide new evidence for 
genetic control and, concomitantly,  add to our under- 
standing of  C.F. and disjunction - chiasma frequency 
relationships in this species. 

A certain amount  of  inbreeding was an unavoidable 
part  o f  the selection procedure.  Characteristics that 
reverted towards the original values in the selected 
stock following mass-mat ing are almost certainly at- 
tributable to inbreeding per se. They include the mean  
chiasma frequency of  the total group and inter-indi- 
vidual variation, as would be predicted from studies on 
inbreeding and chiasmata in other organisms (Karp 
and Jones 1982, 1983; Rees 1955; Rees and Thompson 
1956; Sybenga 1958, 1975). However,  the changes 
observed in B. germanica depar ted from expected pat- 
terns in that (1) an initial decrease in mean frequency 
was restricted to the quadrivalents,  (2) interindividual 
variation increased prior to a decrease in mean  fre- 
quency among  free bivalents, and (3) in the most 
severely inbred group the mean  frequency was stabi- 
lized at a lower- than-normal  level in the free bivalents 
and approached this situation in the quadrivalents. 

Mather (1938) and Diez and Puertos (1981) postulated 
control ofchiasmata at the cellular level. Our data support this 
hypothesis because the initial decreases in C.F. occurred 
among bivalents that could best afford the loss, i.e., those 
within the quadrivalent where frequency approached 2 chias- 
mata per bivalent. Also, the changes in C.F. followed a similar 
pattern in the quadrivalents and free bivalents. The difference 
in timing may be attributed, at least in part, to the higher 
frequency that characterizes quadrivalents in B. germanica 
(Keil and Ross 1983; Ross and Cochran 1981; Ross and Keil 
1982). Arana et al. (1980) suggested that this property might 
result from a breakdown in chiasma interference due to the 
physical arrangement of the interchange heterozygotes. 

Low inter-individual variation in C.F. showed 
stabilization both among wild-type (Keil and Ross 
1983) and at the new lower level among  free bivalents 
following inbreeding of  T(3; 12)/3; 12. C.F. among  
quadrivalents was not completely stabilized at a level 
lower than that typical of  quadrivalents, but further 
selection could have had this result. The apparent  lower 
effective level o f  C.F. could have adaptive significance 
as it would protect against univalency. 

The changes in disjunction frequency and under- 
lying orientation patterns were less variable and, pre- 
sumably, had a simpler genetic basis than those as- 
sociated with C.F. Males with r andom and directed 
disjunction were present throughout the selections and 
apparently remained in roughly equal frequencies. This 
suggests maintenance of  heterozygosity by some type of 
genetically balanced system. Orientation patterns 
where ring quadrivalents showed either directed or 
random disjunction underwent  single, discrete changes. 
The former shifted from one fitting a 2 : 1 : 1 : 4 ratio (ca. 
65% alternate) to a 1 : 1 : 1 : 2  (57-60% alternate) o f  
adjacent-l ,  a l ternate-l ,  adjacent-2, alternate-2, respec- 
tively; the latter, from a 2 : 1 : 1 : 2 ratio (Cochran 1977) 
to one with complete randomness,  i.e., a 1 : 1 : l : 1. Each 
change represented about  a 50% reduction in the fre- 
quency of  adjacent-1 and alternate-2 orientations. I f  
selection established homozygosity for a monofactorial  
modifier, this could explain why expression of  the 
directed disjunction trait was held to a lower-than usual 
proportion of  alternate orientations. The similarity of  
the changes suggests that a single modifier may have 
been responsible for those individuals with directed 
and random disjunction, but it then becomes difficult 
to account for the time element. The new random pat- 
tern occurred first at the 3rd-4 th  generation of selec- 
tion; that underlying directed disjunction was not seen 
until the 7-8 th  generation. 

Sybenga (1975) called attention to the role of genotypic 
differences in the control of disjunction and C.F. Variations 
reported here are also attributable to genetic factors. However, 
the alterations in disjunction in ring quadrivalents were 
apparently independent of C.F.C.F. had an indirect effect 
that resulted from a lack of expression of directed disjunction 
(alternate) in chains. A decrease in C.F. caused increased 
chaining and this, in turn, decreased the overall frequency of 
alternate orientations in individuals where alternate disjunc- 
tion was favored in cells with intact rings. The possibility that 
orientations also differed in rings and chains where individuals 
showed random disjunction in rings cannot be ruled out since 
chains showed a tendency towards more adjacent than alter- 
nate configurations. If the latter reflects a real difference, then 
the genetic factors responsible for directed vs. random dis- 
junction in rings are expressed in chains, but in a different 
manner than in rings. Otherwise, it appears that the factor 
controlling directed disjunction is expressed only in rings. 
Sybenga (1968) also found higher frequencies of adjacent 
orientations among chains than among rings. 

Rickards (1964) noted a possible effect on orientation 
from genetically-controlled changes in chiasma position. We 
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did not study this trait specifically, but did not note any 
unusual non-distal chiasmata. If a change(s) of position was 
responsible for altered orientation patterns, it would have to 
occur in such a manner as to affect adjacent-1 and alternate-2 
in a similar manner. A non-distal chiasma in a different 
selected strain was associated with both variability and un- 
balance of the normally discrete ratios (Diez, personal com- 
munication), in contrast to the regular ratios maintained here 
in the course of selection. Precise ratios reported in earlier 
work on B. germanica, including that on T(3;12)/3;12, were 
associated with distal chiasmata localization (Cochran and 
Ross 1974; Cochran 1976, 1977; Keil and Ross 1983). This 
argues gainst altered chiasma position as a basis for the 
changes in disjunction and underlying orientation patterns. It 
also casts doubt on whether increased variability in C.F. at the 
3rd-4th generations of selection reflected changes in chiasma 
position, as might be expected (Jones 1974; Karp and Jones 
1982; Rees 1955). The variability suggests a breakdown in 
control (Sybenga 1975), but possibly it involved the number of 
distally-localized chiasmata. We suspect that the seeming "all- 
or-none" event in the altered orientation patterns seen here 
may be evidence of genetic differences that affect spindle fiber 
structure and/or formation (Nicklas 1974; Rickards 1965). 
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