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Context 
Nuclear organization in sperm has been proposed to be linked with gene expression and function after fertilization. Chromosomal 

territories are not randomly positioned in mammalian sperm nuclei (Foster et al. 2005) and chromatin packaging differs, with histone 

retention and specific histone marks at loci of developmental importance (Hammoud et al. 2009). Moreover sperm nuclear organization is 

altered in infertile patients suggesting a real pressure for the maintenance of such architecture for normal spermatogenesis and further 

embryonic development. 

 

 

 

 

       

 

Objectives 
Chromosomal abnormalities have been described in patients with fertility problems. Production of genetically imbalanced gametes, 

meiotic silencing of unsynapsed chromatin and Y microdeletions have been proposed to be the main causes of these etiologies. However 

global nuclear organization has been poorly studied in such cases. In order to check whether chromosomal abnormalities may affect 

nuclear organization in sperm, we compared centromeres, telomeres, sexual chromosomes and 13/17 autosomes localization in sperm of 

normal pig and t(13;17)Robertsonian translocation carriers. 

Methodology 
Animal Model:  sperm from normal boars and t(13;17) Robertsonian carriers (Pinton et al. 2009) 

Probes: painting probes: Sus Scrofa chromosome 13, 17, X and Y (Yerle et al. 1993) 

 telomere: biotinilated LNA modified oligonucleotide (TTAGGG)7 

 centromere : SSCSR2A (metacentric chromosomes) and AC6 (acrocentric chromosomes) oligonucleotides respectively labeled with Alexa488 and Cy3 

 (Rogel-Gaillard  et al. 2007)  

3D image analysis:  with a dedicated software NEMO (Iannuccelli et al. 2010). A segmented image from each object was created from the raw image and allowed us to obtain 

  the percentage of colocalization (overlapped signals) of two markers and 3D distance between the different objects. 

References:   Foster, H. A., Abeydeera, L. R., Griffin, D. K., and Bridger, J. M. (2005). Non-random chromosome positioning in mammalian sperm nuclei, with migration of the sex chromosomes during late spermatogenesis. J Cell Sci 118, 1811-1820. 

    Hammoud, S. S., Nix, D. A., Zhang, H., Purwar, J., Carrell, D. T., and Cairns, B. R. (2009). Distinctive chromatin in human sperm packages genes for embryo development. Nature 460, 473-478. 

    Iannuccelli, E., Mompart, F., Gellin, J., Lahbib-Mansais, Y., Yerle, M., and Boudier, T. (2010). NEMO: a tool for analyzing gene and chromosome territory distributions from 3D-FISH experiments. Bioinformatics 26, 696-697. 

    Pinton, A., Calgaro, A., Bonnet, N., Ferchaud, S., Billoux, S., Dudez, A. M., Mary, N., Massip, K., Bonnet-Garnier, A., Yerle, M., and Ducos, A. (2009). Influence of sex on the meiotic segregation of a t(13;17) Robertsonian translocation: a case study in the pig. Hum Reprod 24, 2034-2043. 

    Rogel-Gaillard, C., Hayes, H., Coullin, P., Chardon, P., and Vaiman, M. (1997). Swine centromeric DNA repeats revealed by primed in situ (PRINS) labeling. Cytogenet Cell Genet 79, 79-84. 

    Yerle, M., Schmitz, A., Milan, D., Chaput, B., Monteagudo, L., Vaiman, M., Frelat, G., and Gellin, J. (1993). Accurate characterization of porcine bivariate flow karyotype by PCR and fluorescence in situ hybridization. Genomics 16, 97-103. 

   

Results 

Centromeres of acrocentric and metacentric chromosomes 

do not cluster together  

3D-SpermFish experiments were performed with centromeric probes AC6 (acrocentric 

chromosomes, red) and SSCSR2A (metacentric chromosomes, green) probes 

A: average projection of a confocal Z-stack acquisition 

B-C: Segmented clusters of centromeres (using Nemo software) 

D: Quantification of association between SSCSR2A and AC6 segmented objects.  

Centromeres of acrocentric and metacentric chromosomes respectively cluster together. 

We observed a mean of 2.2 centromeres/cluster for metacentric chromosomes (5.9 clusters for 13 

metacentric chromosomes) and 3.6 centromeres/cluster for acrocentric chromosomes (1.7 clusters 

for 6 acrocentric chromosomes) in normal animals. However, in more than 60% of the nuclei, 

centromeres from acrocentric and metacentric chromosomes do not associate together. 
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Less centromere (from acrocentric chromosomes) and 

telomere clusters were observed in sperm from t(13;17) 

translocated boars   

Sexual chromosome localization is unchanged in Trob(13;17) 

animals 

Autosomes 13/17 are displaced from their original positions 
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3D-SpermFish experiments were performed either with SSCY (green) or SSCX (red) paints. 

Position of chromosomal territories (CT) was calculated relatively to the apico-basal axis.  

A. The X territory is located in the median part of the nuclei as the Y is more apical but never at the tip.  

B. No significative differences were seen between normal and translocated animals for the Y position.  

3D-SpermFish experiments were performed using AC6 and SSCSR2A oligonucleotides 

(centromeres) or a biotinilated LNA modified oligonucleotide (TTAGGG)7 (telomeres).  

Average numbers of clusters corresponding to telomeres and centromeres in normal and 

translocated animals were estimated (ANOVA analysis,  * p-value<0.05) 

As expected, significantly less telomere clusters (A) and centromere clusters of acrocentric 

chromosomes (B) were observed in translocated sperm cells due at least to centromere fusion. 

The number of metacentric centromere is unchanged in both type (C). 

Colocalization of CT Adjacent localization of CTs Distant localization of CTs 

3D-Sperm FISH experiments were performed using paints against SSC13 (green) 

and SSC17 (red) in normal animals and Trob13/17 carriers. Chromosomal 

territories (CT) in cells were classified in three categories: colocalized, adjacent 

(in close contact but not colocalized) and distant  

SSCY 

SSCX 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

Relative position of the center of the SSCX and SSCY territories  along the antero-posterior axis 

in normal animals 

A 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

Trob13/17 

WT 

Relative position of the center of the SSCY territory  along the antero-posterior axis in normal and 

carriers of the robertsonian translocation 13/17 

B 

1 

3 

5 

7 

9 

11 

13 

A
v
e

ra
g

e
 n

u
m

b
e
r 

o
f 

te
lo

m
e

re
 c

lu
s
te

rs
 

WT Trob13/17 

* A 

0 

0,5 

1 

1,5 

2 

WT Trob13/17 

A
v
e

ra
g

e
 n

u
m

b
e
r 

o
f 

a
c
ro

c
e

n
tr

ic
 

c
e

n
tr

o
m

e
re

 c
lu

s
te

rs
 

* B 

0 

1 

2 

3 

4 

5 

6 

7 

WT Trob13/17 

A
v
e

ra
g

e
 n

u
m

b
e
r 

o
f 

m
e

ta
c
e
n

tr
ic

 

c
e

n
tr

o
m

e
re

 c
lu

s
te

rs
 

C 

0 

10 

20 

30 

40 

50 

60 

colocalized adjacent distant 

Trob13/17 WT 

%
 o

f 
n
u
c
le

i 

Comparison  between normal animals and Trob13/17 carriers clearly show differences between 

the localization of SSC13 and SSC17 territories. As in normal animals around 50% of the cells 

present distant CTs, this value decrease to 30% in Trob13/17 animals. In Trob13/17 animals CTs 

are closer and in more cases colocalized. More detailed analysis (in process) will confirm whether 

SSC17 territory moves to the SSC13 (more peripherical) territory.   


