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Capsule 

Proximity frequencies of autosomic bivalents to the XY pair in metaphase I human 

spermatocytes were evaluated showing a non-random bivalent distribution and a relative 

position pattern notably preserved from pachytene to metaphase I. 
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Abstract 

Objective: To analyze if the preferential proximity between acrocentric bivalents and 

the XY pair described at pachytene was maintained in metaphase I human 

spermatocytes.  

Design: Proximity frequencies of autosomic bivalents to the sex bivalent were 

evaluated with the analysis of meiotic preparations combining sequentially standard 

techniques and Multiplex FISH. 

Setting: Assisted Reproduction Centers and Universitat Autònoma de Barcelona. 

Patient(s): 37 males consulting for fertility problems. 

Intervention(s): Unilateral testicular biopsies. 

Main Outcome Measure(s): Proximity frequencies analysis to the XY pair, evaluated 

individually and grouping bivalents was carried out using a logistical regression model 

with repeated measures. 

Result(s): Bivalents 22 and 15 were observed more frequently near to the sex bivalent 

than the others. Significant interindividual differences were not observed. 

Conclusions: Results suggest that bivalents distribution to the metaphase plate is non-

random. The maintenance of the acrocentric chromosomes proximity to the sex bivalent 

from pachytene to metaphase I would indicate that the relative bivalents position would 

be notably preserved. The observation of non-interindividual variability, in spite of 

different infertility etiology, proposes that nuclear organization pattern remains largely 

unaffected even if spermatogenesis is compromised. 

 

Key words: acrocentric chromosomes, chromosome territories, human spermatocytes, 

metaphase I, XY bivalent. 
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Introduction 

It is generally accepted that chromosomes in the interphase nucleus are organized in 

distinct domains, called chromosome territories (CTs). This chromosomal location plays 

an important role in maintaining and regulating the genome functions (1). Several 

studies suggest that chromosomes are distributed in the nucleus according to size (2), 

gene density (3, 4), transcriptional activity, early or late replication of sequences of 

DNA and guanine-cytosine (GC) content (5). The CTs neighbourhood is different 

depending on tissue origin (6, 7), probably related to its functionality and necessary for 

maintaining imprints in cells (8). 

 

In the sperm nucleus chromosomes are organized in distinct territories with non-random 

chromosome positioning (9). For instance, recent studies show evidences that 

centromeric and sex chromosome loci adopt specific nuclear positions towards the 

interior of the nucleus (10, 11). These features might be crucial because the 

chromosomal location could determine the time at which particular chromatin domains 

are decondensed and remodeled, allowing some epigenetic level of control or influence 

over subsequent paternal gene expression in the embryo (12-14). It has also been 

suggested that the topology of chromosomes in the sperm influences the position of 

chromosomes in the first mitotic division of the zygote (9, 14). 

 

Several published articles including direct and indirect indications suggest that this 

nuclear organization would be altered in men with severely compromised 

spermatogenesis (14-17). However, a recent study suggests that this defined pattern of 

nuclear organization in sperm heads is a remarkably robust process because it remains 

primarily unaffected even in the presence of defective spermatogenesis (17).  
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In mammals, a temporal repositioning of CTs during spermatogenesis was proposed (9). 

Thus, gonosomes CTs are both peripherally located pre-meiosis, separating from one 

another and each repositioning to the nuclear center by the round spermatid stage. 

Unfortunately, only few articles analyze some preferentially relative chromosome 

positions in the early stages of human spermatogenesis. In this sense, two-dimensional 

studies of synaptonemal complexes spreads showed that the bivalent 15 was more 

frequently in close proximity to the pair XY than other autosomic bivalents (18, 19). 

 

To go further in this observation, the aim of the present study was to analyze if this 

preferential proximity between acrocentric chromosomes and the XY pair at pachytene 

stage was maintained in the next stage of the spermatogenic process. In order to do this, 

proximity frequencies of autosomal bivalents to the sex bivalent were evaluated in 

metaphase I human spermatocytes. 

 

Material and methods 

Testicular tissue samples were obtained under local anesthesia from 37 males consulting 

for fertility problems. Samples were kept in an isotonic solution to 4ºC until the moment 

of its utilization. Protocol was approved by the Institutional Review Board (IRB) of the 

collaborating centres and the patients gave their informed consent with regard to 

participation in the study. The somatic karyotype and seminal parameters of these 

patients are detailed in Table 1. 

Biopsied samples were processed according to the method of Evans et al. (21). Cellular 

spreads were evaluated following a sequential methodology combining Leishman 
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stained procedures and multiplex fluorescent in situ hybridization protocols (M-FISH) 

described previously by our group (22). 

 

Briefly, Leishman stained slides were analyzed using an Olympus BX60 microscope 

(Olympus Optical España S.A., Barcelona, Spain) equipped with a capture and image 

analysis system CytoVysion 3.6. (Applied Imaging, Newcastle, UK). Metaphase I 

images from the primary spermatocytes were captured and the coordinates were noted 

in order to facilitate the location and analysis subsequent to M-FISH protocol. Before 

the application of the manufacturer’s M-FISH protocol (Spectra VysionTM Assay 

Protocol, Vysis Inc., Downers Grove, IL), the slides were destained in an ethanol 

solution series in distilled water (70%, 80% and 90%). 

  

Hybridized slide analyses were perform with an Olympus BX60 epifluorescence 

microscope equipped with a specific filter set to visualize Spectrum Aqua, Spectrum 

Fred, Spectrum Green, Spectrum Gold, Spectrum Red and DAPI. Capture and image 

analyses were carried out with a CytoVision system (CytoVysion 3.6., Applied 

Imaging, Newcastle, UK). 

 

Conjoint analysis of Leishman staining and M-FISH images of the same metaphase I 

were used to identify to which chromosome each chromosomal unit observed belonged.  

This information was used to determine which bivalents were nearest to the sex bivalent 

being part of what we call the "first ring". The “first ring” was conformed by those 

bivalents located in the first line regarding the XY bivalent regardless of the distance 

(Figure 1). 
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For the statistical analysis, and in order to analyze if any bivalent was more frequently 

near to the sex bivalent than others, an indicative variable was created. Value "1" was 

assigned when the bivalent was considered near (in the “first ring”) and value "0" when 

it was not considered near (out of the “first ring”). This proximity analysis was carried 

out using the following software: SAS v9.1 (SAS Institute Inc., Cary, NC) and SPAD 

v4.5 (Centre International de Statistiques et d’Informatique Appliquées, Saint Mandé, 

France). The level of statistical significance was established to 0.05.  

 

The proximity analysis of each bivalent was carried out using a logistical regression 

model (23) with repeated measures considering the different bivalents as an 

“explanatory variable”. From the model established the odds ratio was calculated, which 

represented the risk that a bivalent had to be near to the sex bivalent in relation to the 

others. In order to check the significance degree of the differences, pair wise 

comparisons between each bivalent concerning all the others using 2 test were done. 

Moreover, differences of the proximity were analyzed taking in consideration the seven 

groups of the human karyotype. Accordingly it was necessary to recode the explanatory 

variable “bivalent” as follow: group A (bivalents 1, 2 and 3), group B (bivalents  4 and 

5), group C (bivalents  6, 7, 8, 9, 10, 11 and 12), group D (bivalents  13, 14 and 15), 

group E (bivalents  16, 17 and 18), group F (bivalents  19 and 20) and group G ( 

bivalents 21 and 22). For each group of bivalents, the percentage of bivalents near to the 

sex bivalent was calculated. After that, the same statistical model and test used for 

individual bivalents analysis was applied.  

Interindividual variability regarding the proximity between different groups of bivalents 

and the XY pair were statistically evaluated with a multivariate analysis of multiple 

correspondences. 
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Results 

A total of 481 metaphases I were evaluated. In 16.2% (6/37) of the individuals, no 

primary spermatocyte in this stage was observed. All chromosomal units were identified 

in the 85.7% (412/481) of the cells analyzed, while in the remaining some chromosomal 

units were not informative (14.3%; 69/481). 

 

From the 412 informative metaphases I, the 67.7% (279/412) showed all chromosomes 

paired forming bivalents. A percentage of 21.8% (90/412) showed 22 autosomic 

bivalents plus unpaired XY. The remaining 10.5% include metaphases classified as a 

hypoploid, tetraploid or metaphases with totally achiasmate bivalents. Therefore, 

autosomic bivalents nearby to the sex bivalent were identified in the 279 metaphases I 

where all the chromosomes were paired. The averages of the “0” and “1” values 

assigned to each bivalent are shown in Table 2. 

 

All autosomic bivalents were observed close to the sex bivalent in any of the 

metaphases I analyzed. The bivalents 15, 22, 14, 7 and 21 were the bivalents with 

higher values. The statistical analysis showed significant probabilities for bivalents 22 

and 15 (p = 0.011 and p = 0.014), respectively. 

 

On the other hand, the proximity results obtained from the groups of bivalents 

established from chromosomes with similar size and morphology were shown in Table 

3. Although D and G groups presented the highest values, significant differences were 

only shown in B and G groups. Group B, which included bivalents 4 and 5, for the 

absence of proximity to the sex bivalent (p = 0.038), and G group, which included 
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chromosomes 21 and 22, for to be near more frequently (p = 0.030). Significant 

interindividual differences were not observed. 

 

Discussion 

The acrocentric bivalents 15 and 22 were observed near the sex bivalent more often than 

the others, indicating that bivalent distribution in the metaphase plate is non-random. 

This result is coincident with SC studies describing that bivalent 15 is more frequently 

nearby to the XY pair than other bivalents (18, 19). 

 

It has been described that the non-centromeric heterochromatin of chromosome 15 

presents traces of homology with the non-centromeric Y-chromosome heterochromatin 

(24). Moreover, some regions of the short arm of chromosome 15 also present 

homology with Xq/Yq subtelomeric regions (25). Moreover, it has established that 

material of the short arm of chromosome 15 has been detected in some satellited Y 

chromosomes (Yqs) (26-28) and also in the short arms of chromosomes 13, 14 and 21 

as an inherited polymorphism (26, 29, 30). This homology between the heterochromatin 

regions of chromosomes 15 and Y, and the fact of part of this material can be also 

present in other acrocentric chromosomes, could explain the proximity of the bivalents 

formed by acrocentric chromosomes to the sex bivalent at the pachytene stage (18, 19). 

 

Some indirect data also support the preferential proximity location of bivalents 15 and 

22 to the sex bivalent. Revising translocation cases involving the Y chromosome and 

any autosome, 70% of the cases are produced between the heterocromatin Yq and the 

short arm of an acrocentric chromosome (31). In such translocations, chromosome 15 is 

most frequently involved (52%), followed by chromosome 22 (33%), chromosome 21 
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(7%) and chromosomes 13 and 14 (4% each) (32). These percentages probably reflect 

the differing degree of homology between satellite DNA sequences of these 

chromosomes (30); being 15p, 22p and Yq those that share a greater homology (33). 

 

The maintenance of this closeness from pachytene to metaphase I would indicate the 

preservation of the relative bivalents position, in spite of the formation of the metaphase 

plate. It is important to remark that there were no significant interindividual differences 

regarding the bivalents proximity to the XY pair, despite infertility etiology of each 

patient. This observation is consistent with recent results obtained by Ioannou et al. (11) 

suggesting that the nuclear organization pattern of centromeric loci in sperm nuclei is a 

remarkably robust process because it remains largely unaffected even if 

spermatogenesis is severely compromised. To determine if there is a relative positioning 

pattern of all chromosomes along meiosis and the establishment of the variables might 

take part in this organization could be especially interesting to understand chromosome 

territoriality behavior during spermatogenesis. 



 

 12

Acknowledgments 

The authors thank Centre de Reproducció Assistida Fecunmed, Fundació Puigvert, 

Institut Marquès, Institut Universitari Dexeus and Instituto de Reproducción CEFER for 

providing testicular tissue samples of the patients analyzed. We also thank the Statistical 

Service of the Universitat Autònoma de Barcelona for its support in the statistical 

treatment of the results. This manuscript has been proofread by Proof-Reading-

Service.org. 



 

 13

References 

1. Cremer T, Cremer C. Chromosome territories, nuclear architecture and gene 

regulation in mammalian cells. Nat Rev Genet 2001;2:292-301. 

 

2. Sun HB, Shen J, Yokota H. Size-dependent positioning of human chromosomes in 

interphase nuclei. Biophys J 2000;79:184-90. 

 

3. Croft JA, Bridger JM, Boyle S, Perry P, Teague P, Bickmore WA. Differences in the 

localization and morphology of chromosomes in the human nucleus. J Cell Biol 

1999;145:1119-31. 

 

4. Boyle S, Gilchrist S, Bridger JM, Mahy NL, Ellis JA, Bickmore WA. The spatial 

organization of human chromosomes within the nuclei of normal and emerin-mutant 

cells. Hum Mol Genet 2001;10:211-9. 

 

5. Cremer T, Cremer M. Chromosome territories. Cold Spring Harb Perspect Biol 

2010;2(3):a003889.  

 

6. Parada LA, McQueen PG, Misteli T. Tissue-specific spatial organization of genomes. 

Genome Biol 2004;5:R44. 

 

7. Zeitz MJ, Mukherjee L, Bhattacharya S, Xu J, Berezney R. A probabilistic model for 

the arrangement of a subset of human chromosome territories in WI38 Human 

fibroblasts. J Cell Physiol 2009;221:120-9. 

 

8. Cavalli G. Chromosome kissing. Curr Opin Genet Dev 2007;17:443-50. 

 

9. Foster HA, Abeydeera LR, Griffin DK, Bridger JM. Non-random chromosome 

positioning in mammalian sperm nuclei, with migration of the sex chromosomes during 

late spermatogenesis. J Cell Sci 2005;118:1811-20. 

 

10. Zalenskaya IA, Zalensky AO. Non-random positioning of chromosomes in human 

sperm nuclei. Chromosome Res 2004;12:163-73. 

 



 

 14

11. Ioannou D, Meershoek EJ, Christopikou D, Ellis M, Thornhill AR, Griffin DK. 

Nuclear organisation of sperm remains remarkably unaffected in the presence of 

defective spermatogenesis. Chromosome Res 2011;19:741-53. 

 

12. Greaves IK, Rens W, Ferguson-Smith MA, Griffin D, Marshall Graves JA. 

Conservation of chromosome arrangement and position of the X in mammalian sperm 

suggests functional significance. Chromosome Res 2003;11:503-12. 

 

13. Cremer T, Küpper K, Dietzel S, Fakan S. Higher order chromatin architecture in the 

cell nucleus: on the way from structure to function. Biol Cell 2004;96:555-67. 

 

14. Zalensky AO, Zalenskaya IA. Organization of chromosomes in spermatozoa: an 

additional layer of epigenetic information? Biochem Soc Trans 2007;35:609-11. 

 

15. Olszewska M, Wiland E, Kurpisz M. Positioning of chromosome 15, 18, X and Y 

centromeres in sperm cells of fertile individuals and infertile patients with increased 

level of aneuploidy. Chromosome Res 2008;16:875-90. 

 

16. Finch KA, Fonseka KG, Abogrein A, Ioannou D, Handyside AH, Thornhill AR, et 

al. Nuclear organization in human sperm: preliminary evidence for altered sex 

chromosome centromere position in infertile males. Hum Reprod 2008;23:1263-70. 

 

17. Ioannou D, Griffin DK. Male fertility, chromosome abnormalities, and nuclear 

organization. Cytogenet Genome Res 2011;133:269-79. 

 

18. Metzler-Guillemain C, Mignon C, Depetris D, Guichaoua MR, Mattei MG. Bivalent 

15 regularly associates with the sex vesicle in normal male meiosis. Chromosome Res 

1999;7:369-78. 

 

19. Codina-Pascual M, Navarro J, Oliver-Bonet M, Kraus J, Speicher MR, Arango O, 

Egozcue J, Benet J. Behaviour of human heterochromatic regions during the synapsis of 

homologous chromosomes. Hum Reprod 2006;21:1490-7. 

 



 

 15

20. WHO laboratory manual for the examination of human semen and sperm-cervical 

mucus interaction. 4th edition. New York: Cambridge University Press, 1999. 

 

21. Evans EP, Breckon G, Ford CE. An air-drying method for meiotic preparations from 

mammalian testes. Cytogenetics 1964;15:289-94. 

 

22. Sarrate Z, Blanco J, Egozcue S, Vidal F, Egozcue J. Identification of meiotic 

anomalies with multiplex fluorescence in situ hybridization: Preliminary results. Fertil 

Steril 2004;82:712-17. 

 

23. Hosmer D, Lemeshow S. Applied logistic regression. New York: John Wiley & 

Sons, 2000. 

 

24. Burk RD, Szabo P, O'Brien S, Nash WG, Yu L, Smith KD. Organization and 

chromosomal specificity of autosomal homologs of human Y chromosome repeated 

DNA. Chromosoma 1985;92:225-33. 

 

25. Brown WR, MacKinnon PJ, Villasanté A, Spurr N, Buckle VJ, Dobson MJ. 

Structure and polymorphism of human telomere-associated DNA. Cell 1990;63:119-32. 

 

26. Kühl H, Röttger S, Heilbronner H, Enders H, Schempp W. Loss of the Y 

chromosomal PAR2-region in four familial cases of satellited Y chromosomes (Yqs). 

Chromosome Res 2001;9:215-22. 

 

27. Velissariou V, Antoniadi T, Patsalis P, Christopoulou S, Hatzipouliou A, Donoghue 

J, Bakou K, et al. Prenatal diagnosis of two rare de novo structural aberrations of the Y 

chromosome: cytogenetic and molecular analysis. Prenat Diagn 2001;21:484-87. 

 

28. Velissariou V, Sismani C, Christopoulou S, Kaminopetros P, Hatzaki A, 

Evangelidou P, et al. Loss of the Y chromosome PAR2 region and additional 

rearrangements in two familial cases of satellited Y chromosomes: cytogenetic and 

molecular analysis. Eur J Med Genet 2007;50:291-300. 

 



 

 16

29. Stergianou K, Gould CP, Waters JJ, Hulten M. High population incidence of the 15p 

marker D15Z1 mapping to the short arm of one homologue 14. Hum Genet 

1992;88:364. 

 

30. Wilkinson TA, Crolla JA. Molecular cytogenetic characterization of three familial 

cases of satellited Y chromosomes. Hum Genet 1993;91:389-91. 

 

31. Gardner RJ, Sutherland GR. Chromosome abnormalities and genetic counseling. 3rd 

edition. Oxford University Press: New York, 2004. 

 

32. Smith A, Fraser IS, Elliott G. An infertile male with balanced Y;19 translocation. 

Review of Y;autosome translocations. Ann Genet 1979;22:189-94. 

 

33. Vogt P. Potential genetic functions of tandem repeated DNA sequence blocks in the 

human genome are based on a highly conserved "chromatin folding code". Hum Genet 

1990;84:301-36. 

 

 

 

 

 

 

 



 

 17

Figure Legends 

 

Table 1. Somatic karyotype and sperm parameters of the individuals studied. 

A: Asthenozoospermia, AT: Asthenoteratozoospermia, Az: Azoospermia, N: 

Normozoospermia, OA: Oligoasthenozoospermia, OAT: Oligoasthenoteratozoospermia, 

T: Teratozoospermia. 

*Classification carried out in accordance with the World Health Organization criteria 

(20) 

 

Figure 1.  Metaphase I from a human testicular biopsy. (A) Leishman staining. (B) M-

FISH image. (C) M-FISH karyotype. A and B: Identification of bivalents included in 

the first ring around the sex bivalent (indicated with an arrowhead): 4, 7, 9, 11, 17, 20 

and 22. 

  

Table 2. Descriptive statistics of the proximity analysis.  

*For the statistical analysis the weighted mean values have been used. 

BV: bivalent. 

 

Table 3. Percentage of bivalents belonging to a specific chromosomal group which are 

located near to the XY pair. 
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Patient 
code 

Somatic  
Karyotype 

Sperm 
parameters* 

Patient 
code 

Somatic  
Karyotype 

Sperm 
parameters* 

072 46,XY T 314 46,XY N 

118 46,XY OA 315 46,XYqh+,inv9(p12q12) Az 

140 46,XY AT 321 46,XY N 

142 46,XY AT 323 46,XY A 

282 46,XY AT 328 46,XY OAT 

284 46,XY Az 331 46,XY OAT 

285 46,XY,14ps+,15ps+ Az 360 46,XY OAT 

287 46,XYqh+ N 361 46,XY OAT 

289 46,XY A 392 46,XY OAT 

291 46,XY AT 6837 46,XY OAT 

299 46,XY,inv9(p11q12) N 6854 46,XY OAT 

300 46,XY A 6858 46,XY OAT 

301 46,XY A 6859 46,XY OAT 

302 46,XY N 6866 46,XY OAT 

307 46,XY A 6867 46,XY OAT 

308 46,XY OAT 8345 46,XY OAT 

309 46,XY OAT 8362 46,XY OAT 

310 46,XY OA 8514 46,XY OAT 

312 Non evaluated Az    

 

Table 1. 
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Figure 1.  
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  BV1 BV2 BV3 BV4 BV5 BV6 BV7 BV8 BV9 BV10 BV11 BV12 BV13 BV14 BV15 BV16 BV17 BV18 BV19 BV20 BV21 BV22 

Mean 0.23 0.27 0.20 0.23 0.22 0.31 0.31 0.22 0.24 0.27 0.25 0.26 0.22 0.29 0.32 0.28 0.25 0.23 0.27 0.28 0.28 0.37 
Standard deviation 0.18 0.22 0.18 0.20 0.17 0.21 0.20 0.18 0.17 0.17 0.18 0.19 0.18 0.16 0.23 0.19 0.20 0.22 0.23 0.22 0.17 0.25 
Maximum 0.55 1.00 0.50 1.00 0.50 1.00 0.67 0.67 0.67 0.67 0.67 0.75 0.50 0.67 1.00 1.00 0.67 1.00 1.00 1.00 0.75 1.00 
Minimum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Weighted mean* 0.26 0.26 0.23 0.23 0.24 0.26 0.29 0.22 0.24 0.28 0.28 0.24 0.25 0.30 0.33 0.26 0.26 0.22 0.26 0.25 0.29 0.33 

 

Table 2. 
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Group Bivalents  Percentage of bivalents  

A 1,2,3 25 

B 4,5 24 

C 6,7,8,9,10,11,12 26 

D 13,14,15 29 

E 16,17,18 25 

F 19,20 25 

G 21,22 31 

 

Table 3. 


