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INTRODUCTION — Due probably to the presence of a Kine-
tochore at each end, chromosomes of Tityus bahiensis, our
most common Scorpion species, are frequently subjected to
spontaneous fragmentation. The resulting end-fragments,
whatever may be their length, having a terminal kinetochore,
may continue to live as independent chromosomes or fuse with
another fragment, while median pieces, devoid of Kinetochores,
when not attached to the broken end of a centric fragment,
vesiculate and disappear. Interchange of parts, when occurs,
gives rise at metaphase of the first meiotic division to very
beautiful cross configurations.

The normal behavior of Tityus chromosomes at meiosis,
oriefly reporied in a series of papers (PIZA 1939, 1939a, 1941)
and fully described in a moie extensive one (PIZA 1943, 1943a)},
needs to be summarized here in order to facilitate a compara-
tive apreciation of the facts to be referred to in the present
ariicle. '

The six variously bent or sinuous chromosomes of the sper-
matogonia give origin at metaphase of the first division of the
spermatocytes to three rod-shaped bivalents, whose '‘compo-
nents neswitnstanding the complete absence of chiasmata stay
long time side by side. The paired chromosomes are perfectly
parallel to each other along their entire length (a condition
necessary to their subsequent separation), showing but their
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corresponding ends turned to opposite poles. A very faint longi-
tudinal line seen on the middle of the chromosomes when they
are loocked from the poles indicates that they are already
split along their entire length. Indeed, in top view the biva-
lents present an evident quadripartite aspect. At anaphase the
chromosomes separate at first parallelly and then assuming a
more or less pronounced curved shape, At second metaphase
the sister chromatids appear so separated as the paired chro-
mosomes at the first one. They are likewise parallel to each
other and separate in the same way as the chromosomes of the
primary spermatocytes did.

Abnormal paiiing due to interchange of parts or to stru-
ctural modifications of the chromosomes has repeatedly been
found in isolated cells of the testis and sometimes in all the
cells of many cysts. (PIZA 1943, 1943a, 1943b). In some instan-
ces, however, numerical and morphological varlations of the
chromosomes having appeared in all the cells of the whole
testis, created special cases in which the abnormality became
a normal situation for the affected individuals. Two of these
cases, described as the one cross and one rod case (XI) and
the one cross and three rods case (XIII) respectively, consti-
futed part of the subject of a very recent paper. (PIZA, 1943,
1943a). In the present one, a new and highly interesting case
of a spontaneous fusion of two chromosomes by one of their
ends, will receive treatment,

The one double and four single chromosomes case (Shor-
tly the WI case) — This is the case of an adult male, normal
in its morpkological characters, collected in the neighbour-
hood of my laboratory in the month of June, whose testis was
aln:ost entirely constituted by cells carrying a permanent new
type of chromosomal plate. (This case was referred to under
7} ‘in my last publication (PIZA, 1943b)).

MATERIAL AND METHODS — Since Tityus chrmosomes
have shown to be an excellent material for investigation, eve-
ry male individual brought to the laboratory is as soon as pos-
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sible dissected in Ringer solution and its testis divided into
two unequal parts, the larger being immediately transferred
to the fixative and the smaller smeared in aceto-carmine or
aceto-orcein. If the smear preparation reveals nothing unu-
gual in the chromosomal constitution of the individual, the fi-
xed material is imbedded in paraffin and the ‘block kept in
cur block collection. If, on the contrary, something appears
which proves to be interesting for investigation, the prepared
hlock is sectioned at a convenient thickness and the sections
treated by the selected method.

In the present case aceto-orcein was employed for smea-
ring, Baur’s modification of Allen-Bouin was used as fixative
and Heidenhain’s hemaioxylin as dye. Sections were made at
3 micra. b e

THE SPERMATOGONIA — Compared with the normal,
the spermatogonia in the present case differ in having instead
of the six approximately equal chromosomes, five chromoso-
mes, four of which being of the ordinary size and the fifth a
little more than twice longer. (Fig. 1). The first impression got
from the examination of the smear preparation was that the
double sized chromosome has been originated from an end-
to-end union of two ordinary chromosomes, a view which was
soon confirmed by the study of the primary spermatocytes. In -
the morphology of this chromosome nothing indicates the pla-
ce where fusion occurred, so that by the examination of. its bo-
dy only, without- taking into account its length nor indirect
evidences, no one would detect its compound nature. By the
study of the spermatogonia it is not possible to discover whe-
thher the compound cinromosome is the result of the union of
Lwo homologous or non homologous chromosomes. The beha-
vior of the chromosmes in the first meiotic division of the sper-
matocytes, makes, however, the matter clear.

Some extremely rare spermatcgonia provided with the six
chiromosomes of uiie normal testis have been fou.:l, showing
in this manner that the type of anomaly dealt with in this pa-
per is not of an absolutely general occurrence.
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THE PRIMARY SPERMATOCYTES — The analysis of the
prophase of the first meiotic division of the spermatocytes do
not help in the understanding of the actual pairing modus of
the chromosomes. However, some inability for pairing seems
to be manifest at places where in normal individuals the chro-
mosomes use to be intimately united. Metaphasé, on the contra-
ry, offers the best condition for an accurate analysis of the man-
ner in which the chromosomes have been paired. Indeed, in
the most favorable situations one can easily observe that a
long chromosome paired at each half of its body with a dif-
ferent partner and an independent bivalent are always present
in the metaphase plates. This observation makes clear that the
attached chromosomes are not homologous or in other words
that they belong to different pairs. Sometimes the group for-
med by the fused chromosomes and their partners appears
regularly stretched on the plane of the equator, permitting
thus a more accurate observation of their mutual relations as
well as of the way in which they are inserted at the spindle.
(Figs. 2, 3, 20, 22). Lateral views show that orientation is quite
correct, the independent chromosomes laying at the same side
of the compound one. They all have their ends turned toward
the correspondig pole, the latter behaving as if it was a single
elemnent. In spite of the achromatic apparatus being less mar-
. kadely developed than in normal cases, spindle fibres connec-
ting the poles with the extremities of the chromosomes could
be detected. Since fusion of the attached chromosomes has
certainly been preceded by subterminal breakage in both of
them, no indication of the presence of kinetochore in the mid-

dle of the body of the compound element has accordingly been
found. Never the compound chromosome showed a median an-
gular prominence directed to the pole to which it is connected
or assumed a double-arch shape revealing the existence os ki-
netochores also in the middle of its body. The very few situa-
tions in which this chromosome- formed a wide median bow
toward the same pole to which its extremities were looking are
not conclusive. (Fig. 25). These exceptional aspects may ra-
ther be due to secondary mechanical causes than to a specific
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influence of the pole on the median part of the chromosome.
In addition, the repeated tormation of anaphasic bridges
speaks in favor of the absence of functional kinetochores in
the middle of its body. (Figs. 29, 30, 31). To judge by the length
of the compound chromosome, the pieces detached from the
fused extermities of its components should have been extre-
mely small to be preserved as independent centric fragments.
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Accordingly, no such fragments have been found ahywhere in
the whole testis. It becomes thus difficult to find an adequate
explanation for so terminal a breakage. Probably, some stru-
ctural alteration affecting previously the extremity of the
chromosomes did favor the elimination of a minute centric
granule incapable of living independently. (To live and beha-
ve as a true chromosome a fragment needs to have something
niore than a kinetochore). In support of that view is the fact
of chromosomes carrying a granular end-piece attached to
them like a small satellite, referred to in a previous paper
(PIZA 1943, 1943a). If we assume that this end-piece may fi-
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nish by becoming entirely free, a condition sets up which ena-
bles us to understand what-actually occurred in the case dealt
with in the present paper. However, the possibility of the exis-
tence of some residual kinetic activity in the middle of the
conipound chromosome due to a residue of the insertion area
at least in one of the fused chromosomes is not completely ex-
cluded specially in consequence of the confused situation pre-
sent in the majority of the cells.

Sometimes the compound chromosome seems exactly twice
longer than its partners. Generally, however, it appears still
longer, leaving in the middle of its body a wide unpaired seg-
ment. (Figs. 5 to 11). To explain this fact one must consider
that the prometaphase chromosomes of the tetravalente group
being paired but not united or connected by chiasmata can
accomplish their contraction at different rates independently
from each other. In accordance with the length of the unpai-
red weaker median region, the compound chromosome is sub-
melted to different kinds of bending or torsion at that place,
which ma'=s obscure the mutual relations of the components
of the group. In the less complicated situations liké that repre-
sented in the Figs. 4 to 6, 8 fo 10, as well as in those in which
the group is stretched in the plane of the ecquator (Figs. 20 to
23, £5) the independent chromosomes appear at the same side
of the compound one, showing in tiis way that the attached
chromosomes have been fused with the pairing surface turnecd
to the same side. (See the concepi of dorso-ventrality develo-
ped by PIZA specially in 1942).

One of the most common configurations of the tetravalenti
gro‘up is that in which the compound chromosome is uniform-
ly curved, being paired at bothh ends witih a segment of its par-
tners generally ionger than the nali oi their lenguh. Hence, a
figure results wiiich can be compared withx a inore or less re-
gular M or W. (¥ig. b). A thoroughn ezamunaiion of these iie-
quent aspecis has shown that the pairing abliilty of the chro-
nosonies 1s greatwy aliered 1 tie wanermose region of one
group. The more or iess pronouiced Incapacity ior pairing in
the segment ol e chroniosomes coriesponding to tiie median
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part of the compound element may very well be attributed to
the failure of the kinetochore in this region. Moreover, when
the chromosomes show to be regularly paired also at their pro-
ximal extremity (Figs. 4, 6, 12) it cannot be inferred from this
thal the pairing ability is equally developed there. It is highly
probable that having paired regularly with the centric half of
their compound partner, the independent chromosomes may,
at metaphase, stretch passively on the pairing surface of the
other half. What seems to be true is that pairing is regular on-
ly in a segment corresponding approximately to the distal half
of the individual chromosomes.

Normal pairing has been considered as being due to a ge-
neralized attraction force developed by the kinetochores and
spread out all over the body of the chromosomes. This force,
as inferred from many metaphase plates, when not complete-
ly unprevailing at the median region of the tetravalent group,
became at least evidently weaker there. (Figs. 7, 10). Moreover,

in the present case, the attraction force which maintains the

paired chromosomes united lapses much earlier than normally,
so thai the chromosomes often separate before their orienta-
tion in the spindlé has been accomplished. (Figs, 16 to 19).
Therefore, chromosomes can move at anaphase without any
order, going at random ic the one or the other pole. So prema-
ture a lapsing in the pairing force very often coincides with an
equally premature separation of the chromatids which compli-
cates the situation in the group.

As it was pointed out in a previous paper (PIZA 1943b) an
identical behaviar of the chromosomes observed by BRIEGER
and GRANER (1943) in smear preparations in which some cells
in normal metaphase stage were alsc present led them to a
completely erroneous interpretation of the meiotic prophase
in Tityus. Knowing nothing about the different kinds of ab-
norinalities commonly encountered in the testis of this highly
interesting scorpioil, the auihors did not suspect that cells de-
tachied from normal and abnormal cysts were present in the
same preparation and thus, disposing tie observed phases in
the order which appeared to them as corresponding to the nor-
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mal sequence of the meiotic phenomena gave an entirely fal-
sé description of the pairing modus of Tityus chromosomes.

Now, let us tell something about the independent bivalent.
The chromosomes forming it sometimes show not only regula-
rity in pairing, but also in orientation. (Figs. 4, 5, 7, 9, 16, 23).
When this happens, anaphasic separation occurs in the expec-
ted manner. Generally, however, these chromosomes appear
unpaired, either at the same place or very far apart in the cell.
(Figs. 3, 10, 11, 12, 22, 25, 27,). In the former case all eviden-
ce indicates that they have been previously paired and beca-
me later separated from each other in consequence of a pre-
mature lapse of the pairing force. In the- latter, it is not un-
probable that they never have been paired before. In the omne
as well as in the other case the chromosomes do not orient
normally moving randomly to different poles or both to the sa-
me one. But, since there is no evidence of any alteration in the
chromosomal structure, it can be assumed that the kinetocho-
res although present may undergo changes of different de-
grees in their physiological activities, losing sometimes enti-
rely the functions they are charged with in normal situations.
It is interesting to note here that this inabillty of the kineto-
chores to perform their activity in pairing and orlentation of
the chromosomes may be determined by some conditions es-
tablished in the cell as a system, considering that not rarely
all the chromosomes are scattered in the cell without any or-
der. (Fig. 19). When this happens the cells may not divide, gi-
ving rise to a secondary spermatocyte provided with a full set
of chromosomes. (Figs. 39, 40).

THE SECONDARY SPERMATOCYTES — Whene orlenta-
tion in the primary spermaftocytes has been accomplished in
a manner which may be considered as normal for the present
case, the compound chromosome and one member of the inde-
pendent pair pass to one pole while tiie {woc chromosomes pai-
red with it together with the other member of the independen
pair pass to the opposite pole. Thus, twe secondary Spermatocytes
arise, one with a large and a small chromosome and other
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with three small ones. (Figs. 33, 34 and 32). Secondary sper-
matocytes provided with three small chromosomes may also
result from breakage of the compound chromosome which in
spite of being associated at the extremities with its two part-
ners did not orient normally, forming a bridge at anaphase.
(Figs. 29 to 31). When the chromosomes of the tetravalent
group dissociate in the expected manner, while the two mem-
bers of the independent pair, which have not been oriented,
pass together to the same pole, secondary spermatocytes with
a single large chromosome (Fig. 36) as well as with a large and
two small ones (Fig. 37) or with four small chromosomes may
arise. Of these different kinds of secondary spermatocytes only
the last one has not been found. In the meanwhile, spermato-
cytes with a large and three small chromosomes have been
encountered. (Fig. 38). These may have been originated from
the passage to the same pole either of the three components of
the tetravalent group end one member of the independent
pair, or of the compound chromosome accompanied by one of
its partners and both members of the independent pair. In
any of these alternatives a cell with a single small chromoso-
me must have been produced. Such a cell, however, was not
discovered. Cells having a large and two small chromosomes
may also result from the passage to one pole of the compound
chremosome, one of its partners and a member of the bivalent
group. (Fig. 41). The 51ster cell in this case receives two small
rhromosomes. Secondary spermatocytes provided with the full
set of chromosomes, that is, with a large and four small ones,
corresponding to primary spermatocytes which could not di-
vide in consequence of a failure in pairing ability or of a too
premature lapse of the mutual attraction force which main-
tains united the paired chromosomes, have repeatedly been ob-
served. (Figs. 39, 40).

To sum up, secondary spermatocytes having from one to
five chromosomes of different origins frequently found, show
the variety of manners in which the chromosomes of the pri-
mavy spermatocytes may pair, orient and separate.

Whether all sorts of secondary spermatocytes are equally
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capable of regular division is not known. We have 110 serious
veasons to doubt of this possibility. However, only some of the
kinds described in this paper have been found in different
phases of mitosis. (Fig. 42 to 44). In those in which the com-
pound chromosome is present it can be observed that this
chromosome behaves likely the normal ones, revealing no tra-
ce of an active kinetochore in its attached ends. (Fig. 42).

Mature spermatozoa have been largely produced as in nor-
mal individuals. About their actual chromosomal constitution
and their vitality or capacity for fecundating the eggs nothing
can be said here.

Only a very few spermatogonia limited to a restricted area
in the testis have scaped the kind of anomaly dealt with in
thi paper, showing a metaphase plate of normal appearence.
These spef‘mfa’togonia gave origin to primary spermatocytes
with three independent;bivalents apparently normal as well
as 1o some ones abnormally constituted. They were however
in G low a number to permit any analysis of their actual chro-
mesomal constitution.

SUMMARY

A case of spontaneous mul to~end fusion of two non ho-
mologous chromg!o.n]es in tne ?Jeunatogoni’a‘ of the scor;?on
thyubr‘mmensm mdescribed “m i?he present g tf&per The re
ting compound chromosome, twice so long as the normal ones;”
appears at me'taphase of the primary spermatocytes p\‘zi'ired
with both its partners, while the other two chromosomes form

an independent palr. Due probably to the loss of the kineto-=

chere of the attached ends pairing is more or less disturbed in
the median region of Lhe "ompound chromosome:' Generally it
pairs only at the centnc extremities with approxm&tely the
corrcesponding half of its partners: Pue to a prematule lapse of
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the pairing force, orientation may be seriously disturbed, so
thatl separation of the paired chromosomes, not only of the te-
travalent but also of the bivalent group, may accomplish in
different ways, giving rise to secondary spermatocytes pro-
vided with from one to four chromosomes. Sometimes se-
paration of the chromosomes fails to occur and a secOnddry
spermatocyte with a full set of chromosomes is thus !formed.
In the most regular situations the compound chromoséme pai-
red at the same side with its partners stretches on the plane
of the equator. When this happens and the indepencfén%""ll%a-
lent orients normally one of the resulting secondary%ﬁﬁmato-
cytes receives the compound chromosome and one member. of
the independent pair, while the other receives bo.th_.pﬁ»rtners
of the long chromosome together with the othele,m_gr;iber of
the bivalent group. In a very limited area of thé} festis some
spermatogonia provided with six apparently normal chxgmo—
somes and some primary spermatocytes with tipri'ﬁg,(‘,llx;‘depen-
dent bivalents have been found. These celis, howgypr,gygre too
few in number to permit an analysis of their actual chromoso-
mal constitution. In some of them a new type,.of: anqmaly
seemed to be present in the chromosomes.
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EXPLANATION OF FIGURES

All figures in this paper are free-hand drawings made with
Leitz’s 8x B oc. and 1/12 oil im. obj. and therefore correspond
only approximately to the given magnification.

Fig. 1 — 'Three spermatogonia showing g long compound
chromosome and the four normal ones. (Aceto-or-
C€in, X 2100).
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Figs. 2 and 3 — Metaphase of the primary spermatocytes sho-
wing the compound chromosome paired at the sa-
me side with its independent. partners. In 3 the
other two chromosomes are unpaired and very fer
apart in the cell. (Aceto-orcein, >( 2800).

Tigs. 4 to 19 — Different metaphase and prometaphase plates
of the primary spermatocytes showing the mutual
relation of the chromosomes of the tetravalent
group as well as of the bivalent. In 19 all the chro-
mosomes are unpaired. (Sect. Hemat. X 2400).

¥igs. 20 to 27 — Primary spermatocytes at metaphase in late-

. ral views showing orientation of the chromosomes

and their insertion at the spindle, especially in the
tetravalent group. (Sect. Hemat. X 2400).

Tig, 28 — Lateral view of a primary spermatocyte showing
very long chromosomes already attached at the
spindle. (Sect. Hemat. x 2400).

Tigs. 29 to 31 — Primary spermatocytes in lateral view with
the compound chromosome forming a bridge bet-
ween the poles. (Sect. Hemat. X 2400).

Tigs. 32 to 41 — Several kinds of secondary spermatocytes ori-
ginated from different distribution of the chromo-
somes of the primary spermatocytes. Figs. 39 and
40 with a complete set of chromosomes. (Sect.
Hemat. X 2000).

Figs. 42 to 44 — Division of the secondary spermatocytes. In
42 the compound chromosome shows no indication
of the existence of kinetochores in the middle ot
its body. In 44 all five chromosomes resulting from
an undivided primary spermatocyte are present.
(Sect. Hemat.  2300).



