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Oligotriche and Quaking Gene Mutations

Phenotypic Effects on Mouse Spermatogenesis and
Testicular Steroidogenesis
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ABSTRACT: The phenotypic actions of the oligotriche gene mu-
tation on testicular function have not been elucidated, although
it is known that male mice homozygous for the mutation are
infertile. In the present study, the effect of the oligotriche gene
mutation on mouse testicular function was analyzed by compar-
ing normal and mutant mice. Spermatogenesis was analyzed by
enumerating germ cells in seminiferous tubules at specific
stages of spermatogenesis and by electron microscopy. Ste-
roidogenic potential was estimated by radioimmunometric de-
termination of testosterone secreted by testes perfused in vitro.
Parallel studies were completed for male mice homozygous for
the quaking gene mutation, a mutation known to cause male

mouse sterility by disrupting sperm tail development. The exper-
imental results suggest that the oligotriche and quaking gene
mutations interfere with sperm tail formation by different mech-
anisms. Testicular steroidogenesis was not affected by either
gene mutation. The results provide the first evidence that the
oligotriche gene mutation induces male mouse sterility by ef-
fecting the complete absence of a sperm tail. This phenotypic
action is different from that of the quaking gene mutation.
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T he factors involved in spermiogenesis have not been

elucidated. One experimental approach to understand-

ing factors controlling spermiogenesis is the study of mice

bearing single-gene mutations that disrupt spermiogenesis.

Genes and their products involved in spermiogenesis theo-

retically should be definable by comparing results from mu-

tant and normal mice. The validity of this approach has

been demonstrated for other gene mutations affecting male

mouse reproductive function (Mason et a!, 1986; Tan et a!,

1990; Brilliant et al, 1991). Before these experiments can

be initiated, the phenotypic effects of the gene mutations on

spermiogenesis at the cellular level must be defined.

In this report, we compare the phenotypic effects of two

gene mutations that have been reported to disrupt spermio-

genesis. The study of the oligotriche gene mutation (oil)

was stimulated by a preliminary report that suggested olig-

otriche mutant mice had defective spermiogenesis (Moutier,

1976). Our studies of the quaking gene (qk) mutation are

included since this mutation has been documented to disrupt
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mouse spermiogenesis (Bennett et a!, 1971), but its action

on testicular steroidogenesis has not been examined. The

actions of the quaking gene mutation may be expressed

differently than in the original report by Bennett and col-

leagues (197 1), since it currently is maintained in a different

mouse strain.

The studies provide data that suggest spermatogenesis

before spermiogenesis is not impaired by either gene mu-

tation. However, both mutations interfered with sperm tail

formation by different mechanisms. The deleterious effects

on spermiogenesis did not stem from a defect in testicular

steroidogenesis, since testosterone secretion by both olig-

otriche and quaking mouse testes was normal.

Materials and Methods

Animals

Oligotriche mice (oil/oft) and their normal siblings were obtained

from breeding pairs generously provided by R. Moutier (Centre de

Selection et d’Elevage d’Animaux de Laboratoire, Centre National

de la Recherche Scientifique, Orleans Cedex, France). The olig-

otnche gene mutation was maintained in C3H/HeOrl mice. Mice

homozygous for the oligotriche mutation can be identified visually

due to the thinning of the ventral coat. Quaking mice (qk/qk) and
their normal siblings were purchased from The Jackson Laboratory
(Bar Harbor, ME). The quaking gene mutation was maintained in
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C57BLJ6J X C3 (N6F1) mice. Mice homozygous for the quaking

gene mutation can be identified visually by their tremors. The gene
symbol used for normal siblings was ?/ + since they were either

homozygous for the wild-type gene ( +1 + ) or unaffected het-
erozygotes. Male siblings were housed together in an environmen-
tally controlled mouse room (23#{176}C;12 hours light:l2 hours dark).
Feed and water were available at all times. Mice were 13 to 14
weeks old when sacrificed by cervical dislocation.

Analysis of Testicular Steroidogenesis

Steroidogenesis was analyzed by determining testosterone secre-
tion by mouse testes perfused in vitro (Chubb and Desjardins,

1983). In brief, capsular arteries of isolated testes were cannutated
and perfused with a defined medium consisting of 0.2% glucose,

3% bovine serum albumin, and 25% bovine erythrocytes in Krebs-

Ringer-bicarbonate buffer. A maximally stimulating concentration
of luteinizing hormone (100 ng/ml of NIADDK-oLH-24) was

added to the medium to assess the maximum potential of the testes

to secrete testosterone. Testes were perfused for 4 hours at a rate
of 2 ml/hour and the venous effluent supernatant was stored at

- 20#{176}Cuntil analysis. Testosterone was quantified with a double-
antibody radioimmunoassay specific for testosterone (Chubb and

Desjardins, 1983).

Analysis of Spermatogenesis

Spermatogenesis was assessed by two analytical methods. In the

first method, homogenization-resistant spermatids were enumer-

ated in testis and epididymis homogenates using phase-contrast

microscopy (Desjardins and Lopez, 1983). Steps 12 through 16

mouse spermatids are homogenization-resistant (Meistnich et at,
1977). This method yields a general overview of testicular sper-

matogenesis. In the second method, randomly selected testes were
perfusion-fixed with 2% glutaraldehyde in 0. 1 mot/L cacodylate

buffer (pH 7.4), dehydrated with graded ethanol washes, and em-

bedded in methacrytate (JB-4 Embedding Kit; Polysciences, War-
nington, PA). Two-micron-thick sections were stained with

Sidman’s acid fuchsin-toluidine blue (Doughtery, 1981) and ob-

served using a X 100 oil immersion objective. Germ cell nuclei

and Sertoti cell nucleoli were counted in round cross-sections of
tubules in stages I and VII of spermatogenesis as defined by Oak-
berg (1956). A total of 25 tubules at each stage of spermatogenesis
was studied in testes from three mice for each mutant and control

category. Three tubules per testis have been reported to be suffi-
cient for germ cell counts (Amann, 1986). Totals of 15,268 and

14,106 cells were identified for the otigotriche and quaking stud-
ies, respectively.

Sertoli and germ cells were identified using descriptions pro-

vided by Beltvd and coworkers (1977). Spermatids at different

steps of spermiogenesis were distinguished by nuclear condensa-

tion and cellular association. Crude cell counts were corrected for
differences in nuclear or nucteolar size with Abercrombie’s for-

mula (Berndtson, 1977). Germ cell counts were standardized for
differences in tubule size by expressing them as per 10 Sertoli
cells, since Sertoli cells cease to proliferate in mice 12 days post-

partum (Kluin et at, 1984).

Electron microscopic observations were completed for testes
from two oligotniche mice and two normal siblings. Testes were
perfusion-fixed with 2% glutaraldehyde in 0. 1 mol/L cacodylate

buffer (pH 7.4), postfixed with unbuffered 1% osmium tetroxide,

dehydrated with graded ethanol washes, and embedded in Epon-
Araldite.

Statistical Procedures

The significance of the difference between means was determined
by student’s t test. Alt results are expressed as mean ± SE.

Results

Oligotriche Mice

Oligotriche mice exhibited statistically normal body weight

(Fig 1). Testicular steroidogenesis in oligotriche mouse tes-

tes was normal, as estimated by testosterone secretion by in

vitro perfused testes and the maintenance of androgen-

dependent seminal vesicles (Fig 1). In addition, Leydig

cells appeared histologically normal (Fig 2).

The oligotriche gene mutation did affect spermatogene-

sis, as suggested by the significant decreases in oligotriche

mouse testis weight and homogenization-resistant testicular

spermatids (Fig 1). The decrease in homogenization-

resistant spermatozoa in oligotriche mouse epididymides

was also significant: 0.6 ± 3 X 104/mg (olt/olt) compared

to 5 13 ± 6 x 104/mg (?/ + ); n = 8; P < 0.001). However,

there were no significant differences in germ cell numbers

up to step 7 spermatids at stage VII of spermatogenesis

(Table 1 ). Table 1 does not include step 16 spermatids

because Abercrombie’s formula cannot be used with sper-

matids containing nonspherical nuclei. However, uncor-

rected spermatid counts were used to determine that

w
-J

w

z

Body Test�s Testosterone Seminol Vesicles Spermotids
Weight Weight Secretion Weight per mq Testis

(9) mg) (ng/testish) (not expressed,mg( �iO�

FIG. 1 . Summary of data for oligotriche and normal sibling (?/+)
mice. Data for mutant mice are displayed as percentages of normal
mouse values. Absolute values are presented above the columns (n
= 6-9). The only significant differences between mutant and normal
mouse values were for testis weight (P < 0.005) and spermatid num-
bar (P < 0.001).



spermatogenesis in oligotriche mice was characterized by a

significant decrease in the number of spermatids after step

13 of spermiogenesis (Fig 3).

The oligotriche gene mutation prevented sperm tail de-

velopment. Sperm tails were never observed in tubule lu-

mens of mutant mouse testes, although condensed heads of

elongated spermatids were evident (Fig 2). Electron micro-

graphs demonstrate that mature spermatids in oligotriche

mice did not have any tail structures, although manchettes

and condensed nuclei were prominent (Fig 4). A careful

search of the sections did not reveal any sperm tails, at-

though centrioles were observed.

Mice homozygous for the quaking gene mutation were char-

acterized by 20% to 24% decreases in body, testis, and

seminal vesicle weights (Fig 5). The decreased organ

weights were allometric because, when expressed per gram

Table 1 . Germ cell counts at Stage VII of spermatogenesis in
seminiferous tubules of oligotriche and normal sibling
mouse testes*

of body weight, there were no significant differences be-

tween mutant and normal mice.

Testosterone secretion per testis was decreased in quak-

ing mice (Fig 5). However, when expressed as per milti-

gram of testis, mutant and normal mouse testes secreted

similar amounts of testosterone (6.2 ± 0.5 ng/mg testis x

hour [qk/qk] and 6.3 ± 0.7 ng/mg testis X hour [?/ + ]; n

= 6 to 8; NS). The tatter results correlate with the normal

appearance of Leydig cells in mutant mouse testes (Fig 6).

The decreased number of homogenization-resistant sper-

matids per milligram of quaking mouse testis (Fig 5) was

140

80

60

40

Germ cell class olt/olt ?/+

Spermatogonium A 2.2 ± 0.2t 1.8 ± 0.2
Preleptotene spermatocyte 33.8 ± 1 .9 31 .6 ± 2.0
Pachytene spermatocyte 36.4 ± 2.1 35.2 ± 2.4
Step 7 spermatid 87.0 ± 5.5 87.6 ± 5.6

20

0

olt/olt = oligotriche mouse testes; ?/+ = normal sibling mouse
testes.

* Cell counts were corrected with Abercrombie’s formula and ex-
pressed as per 10 Sertoli cells (Sertoli cell numbers per tubule were
1.8 ± 0.1 [olt/olt] and 2.5 ± 0.2 [?/#{247}]). Step 16 spermatid counts
could not be corrected because of the nonspherical shape of their
nuclei and were not included in this table.

t Mean ± SE of counts in 25 tubules from 3 mice of each geno-

2 4 6 8 10 12 14 16

Step of Spermiogenesis

FiG. 3. Spermatid numbers at different steps of spermiogenesis
in oligotriche (olt/olt) and normal (?/ + ) mice. Crude cell counts were
used in the construction of this graph due to the nonspherical nuclei
of steps 8 through 16 spermatids. Spermatids at each step of sper-
miogenesis were counted in 25 tubules from 3 mice of each geno-
type. The difference between mutant and normal mouse step 16
spermatids was significant (P < 0.001).
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FiG. 2. Photomicrographs of cross-sections of seminiferous tubules from (A) oligotriche (olt/olt) and (B) normal sibling (?/+) mice. The
absence of sperm tails in the lumen is a prominent characteristic of oligotriche mouse testes. Bar = 30 �m.
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FIG. 4. An electron micrograph of a
mature spermatid in oligotriche mouse
testes. The condensation of the nucleus
and acrosome formation appear to occur
normally, although the tail is missing
completely. The manchette (m) is appar-
ent. Original magnification x5,000.

accentuated by the decreased number of homogenization-

resistant spermatozoa in the quaking mouse epididymis: 4

± 7 x 104/mg (qk/qk) and 640 ± 3 x 104/mg (?/ + );n =

7 to 8; P < 0.001). The decrease in homogenization-

resistant testicular spermatids was confirmed by counts of

spermatids at specific steps of spermiogenesis (Fig 7) . Al-

though spermatid numbers were decreased in quaking mice,

a normal complement of prespermatid germ cells was

present in mutant mouse tubules (Table 2).

In addition to decreased spermatid numbers, quaking

mouse testes had clear tubule lumens (Fig 6), which is
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(g) (mg) (ng/testish) (notexpressed,mg) x1O�

FIG.5. Datasummaryforquaking and normal sibling (?/+) mice.
Data for mutant mice are displayed as percentages of normal mouse
values. Absolute values are presented above the columns (n = 6-8).
All parameters for mutant and normal mice were significantly differ-
ent (P < 0.001).

indicative of abnormal sperm tail development. Evidence

supporting this assumption resulted from the absent or ab-

normal tails of spermatozoa extruded from cauda epididy-

midides of the mutant mice.

Discussion

Studies presented in this report provide new evidence that

the oligotriche gene is required for normal spermiogenesis.

If the mouse is homozygous for the oligotriche gene muta-

tion, spermatocytogenesis and meiosis are normal but sper-

miogenesis is disrupted. Spermatid numbers drop

precipitously after step 13 of spermiogenesis , and sperm tail

formation is not initiated. None of the other gene mutations

known to interfere with mouse spermiogenesis causes a

complete absence of the sperm tail (see Chubb, 1992). For

example, quaking mouse spermatids develop a tail that

starts to become disorganized after step 9 (Bennett et al,

1971).

The actions of the oligotriche and quaking gene muta-

tions on reproduction are expressed only in one aspect of

gametogenesis: spermiogenesis. This conclusion is sup-

ported by data presented in this report. Also, female mice

homozygous for either gene mutation are fertile (Moutier,

1976; Green, 1989), supporting the specificity of the gene

mutation action for spermiogenesis.

Although the oligotriche gene mutation resembles the

quaking gene mutation in the fact that they both disrupt

sperm tail formation, their mechanisms of action must dif-

fer. For example, the quaking gene mutation decreased

spermatid numbers starting with step 1 of spermiogenesis.

Bennett and coworkers (1 97 1) reported a similar reduction

in steps 1 through 8 spermatids in quaking mouse testes but



did not enumerate steps 9 through 16 spermatids. Spermatid Although the normal mice in our study were either het-

numbers in oligotriche mice were not altered until after step erozygous or homozygous for the wild-type gene, the low

13. Also, sperm tail development was not initiated in olig- variance in germ cell count suggests that mice heterozygous

otriche mice, whereas quaking mouse spermiogenesis has for either gene mutation have normal spermatogenesis. This

been demonstrated to have normal sperm tail development conclusion agrees with previous reports that indicated male

in the early steps (Bennett et at, 197 1). The steroidogenic mice heterozygous for the oligotriche or quaking gene mu-

potential of oligotriche and quaking mouse testes was not tations are unaffected (Moutier, 1976; Green, 1989). These

impaired, as evidenced by biochemical, physiologic, and results would not be expected if spermatids carrying the

microanatomic evidence of normal Leydig cell function. mutated gene in heterozygotes were affected. Spermatids

This information suggests that a decrease in steroidogenesis bearing the mutated genes could receive the products of

was not a factor in the defective spermiogenesis. normal oligotriche and quaking genes from unaffected sper-

matids in heterozygotes. Spermatids have the potential to

160 . share gene products via cytoplasmic bridges (Braun et a!,
1989). Alternatively, the gene mutations could be altering

“U f- - � � the function of Sertoli cells, which would be detrimental in
:� 120 homozygotes only.

� * 1�- - - - - - Both oligotriche and quaking gene mutations have pleio-
� 100 . ----------- tropic actions. For example, oligotriche mice have thinning
Q�

0
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:� Table 2. Germ cell counts at Stage VII of spermatogenesis in

:2 . seminiferous tubules of quaking and normal sibling

� mouse testes*

�5 #{149}qk/qk

c�_ ____

60
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Germ cell class qk/qk ?/+

Spermatogonium A 2.2 ± 0.3t 2.0 ± 0.2
Preleptotene spermatocyte 30.0 ± 2.4 32.8 ± 2.3
Pachytene spermatocyte 32.9 ± 1 .8 35.5 ± 2.2
Step 7 spermatid 84.1 ± 4.7� 107.0 ± 5.82 4 6 8 10 12 14 16

Step of Spermiogenesis

FiG. 7. Spermatid numbers at different steps of spermiogenesis
in quaking (qk/qk) and normal (?/+) mice. Crude cell counts were
used in the construction of this graph due to the nonspherical nuclei
of steps 8 through 16 spermatids. Spermatids at each step of sper-
miogenesis were counted in 25 tubules from 3 mice of each geno-
type. The number of spermatids in quaking mouse testes was
significantly decreased starting at step 1 (P < 0.005).

qk/qk = quaking mouse testes; ?/+ = normal sibling mouse
testes.

* Cell counts were corrected with Abercrombie’s formula and ex-
pressed as per 10 Sertoli cells (Sertoli cell numbers per tubule were
1.7 ± 0.2 [qk/qk] and 1.9 ± 0.2 [?/#{247}J).Step 16 spermatid counts
could not be corrected because of the nonspherical shape of their
nuclei and were not included in this table.

t Mean ± SE of counts in 25 tubules from 3 mice of each geno-
type.

:� Significantly different from control value (P < 0.005).
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FIG. 6. Photomicrographs of cross-sections of seminiferous tubules from (A) quaking (qk/qk) and (B) normal sibling (?/+) mice. The
absence of sperm tails in the lumen is a prominent characteristic of quaking mouse testes. Bar = 30 �m.



Chubb - Genetic Controlof Spermiogenesis 317

of the ventral coat (Moutier, 1976), and quaking mice have

myelination deficiencies (Green, 1989). These actions in

other cell types could be helpful in determining common

pathways affected by the gene mutations.

The oligotriche and quaking gene mutations have not

been studied at the molecular level. The type of mutation

(deletion, point, etc.) and number of gene loci encompassed

are unknown. Insight into the importance of this informa-

tion was provided by Bode (1984). He induced a mutation

(qkk) that was allelic to the quaking gene but resulted in

defective myelination without a concomitant effect on male

reproduction. This evidence suggests that the spontaneous

quaking gene mutation (qk) may encompass two genes, one

affecting spermiogenesis and the other involved with my-

elination.

In summary, the current studies provide new information

that elucidates the effects of oligotriche and quaking gene

mutations on spermiogenesis . The total absence of sperm

tails in oligotriche mice supports the conclusion that the

oligotriche gene mutation may allow valuable insights about

the factors regulating spermiogenesis.

Acknowledgments
The author thanks Lisa Henry and Catherine Nolan for their dedicated
work on this project. The electron microscopy was performed by Dr. Barry

Zirkin and Janet Folmer of The Johns Hopkins Population Center Core

Electron Microscope Laboratory, supported by National Institutes of
Health grant HD-06268. The author thanks the National Hormone and

Pituitary Program for the gift of ovine LH (NIADDK-oLH-24).

References
Amann RP. Detection of alterations in testicular and epididymal function

in laboratory animals. Environ Health Perspect. 1986;70:149-l58.

Bellv#{233}AR, Cavicchia JC, Millene CF. O’Brien DA, Bhatnagar YM, Dym

M. Spermatogenic cells of the prepubertal mouse. J Cell Biol. 1977;
74:68-85.

Bennett WI, Gall AM, Southard JL, Sidman RL. Abnormal spermiogen-

esis in quaking, a myelin-deficient mutant mouse. Biol Reprod. 1971;

5:30-58.

Berndtson WE. Methods for quantifying mammalian spermatogenesis: a

review. J Anim Sci. 1977;44:818-833.

Bode VC. Ethylnitrosourea mutagenesis and the isolation of mutant alleles
for specific genes in the T region of mouse chromosome 17 . Genetics.

l984;l08:457-470.

Braun RE, Behringer RR, Peschon JJ, Brinster RL, Palmiter RD. Genet-

ically haploid spermatids are phenotypically diploid. Nature. 1989;
337:373-376.

Brilliant MH, Gondo Y, Eicher EM. Direct molecular identification of the

mouse pink-eyed unstable mutation by genome scanning. Science.

1991 ;252:566-569.

Chubb C. Genetic control of spermatogenesis and steroidogenesis. In:

Desjardins C, Ewing LL, eds. Cell and Molecular Biology of the

Testis. New York: Oxford University Press; 1992 (in press).

Chubb C, Desjardins C. In vitro perfusion of isolated mouse testes: a
model system for investigating testicular steroidogenesis. Comp Bio-

chem Physiol. 1983;74A:231-237.

Desjardins C, Lopez Mi. Environmental cues evoke differential responses

in pituitary-testicular function in deer mice. Endocrinology. 1983;
112:1398-1406.

Doughtery WJ. Preparation of semi-thin sections of tissues embedded in

water-soluble methacrylate for light microscopy. In: Clark G, ed.

Staining Procedures. Baltimore: Williams and Wilkins; 1981:27-38.

Green MC. Catalog of mutant genes and polymorphic loci. In: Lyon MF,

Searle AG, eds. Genetic Variants and Strains of the Laboratory

Mouse, 2nd ed. Oxford: Oxford University Press; 1989:12-403.

Kluin PM, Kramer MF, De Rooij DG. Proliferation of spermatogonia and

Sertoli cells in maturing mice. Anat Embryol. l984;l69:73-78.

Mason AJ, Hayflick iS, Zoeller RI, et al. A deletion truncating the go-
nadotropin-releasing hormone gene is responsible for hypogonadism in

the hpg mouse. Science. 1986;234:1366-l37l.

Meistrich ML, Hughes IJ, Ambus I, Bruce WR. Spermatogenesis in

hybrid mice treated with oestrogen and testosterone. J Reprod Fertil.

1977;50:75-8l.

Moutier R. New mutations causing sterility restricted to the male in rats

and mice. In: Antikatzides IH, Erichsen 5, Spiegel A, eds. The Lab-

oratory Animal in the Study ofReproduction. Stuttgart: Gustav Fischer
Verlag; 1976:115-1 17.

Oakberg EF. A description of spermiogenesis in the mouse and its use in
analysis of the cycle of the seminiferous epithelium and germ cell

renewal. Am J Anal. 1956;99:39l-409.

Ian JC, Nocka K, Ray P. Iraktman P. Besmer P. The dominant W’2

spotting phenotype results from a missense mutation in the c-kit re-
ceptor kinase. Science. 1990;247:209-212.




