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Abstract

The objective of the present study is to provide more genetic information about meiotic
segregation behavior and the possibility of interchromosomal effects (ICE) in spermato-
zoa from carriers of Robertsonian (Rob) translocation. Analysis of sperm chromosomes
was done by fluorescence in situ hybridization (FISH). In vitro fertilization was con-
ducted in clinic and genetics laboratory in a hospital. Two patients (men) from a Rob
tranglocation family were included in the study. Multicolor FISH was used for probing
of chromosomes 14, 15, 18, X, and Y on sperm. Main Outcome Measure: Frequencies of
meiotic segregation productsin sperm and sperm aneuploidy of chromosomes 14, 15, 18,
X, and Y. To Raob Translocation heterozygote of this paper, the rate of normal/balanced
spermatozoa resulting from alternate segregation is 79.9%. The frequency of unba-
lanced spermatozoa resulting from adjacent segregation is 20.1%. The higher frequen-
cies of aneuploidy for sex chromosome wer e observed. In addition, the increased rates of
diploid were found. To Rob translocation homozygosity, the rate of balanced spermato-
z0a is 99.7% . The frequency of unbalanced spermatozoa is 0.3%. The higher frequencies
of aneuploidy for sex chromosome wer e not observed. Alternate segregation is dominant
in the different types of Rob translocations. Carriers may be at an increased risk for
ICE. Rob trandocation homozygosity could be seen as a potential speciation in humans
with 44 chromosomes.
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| ntroduction also join to form a reciprocal product, which ire thcro-
centric chromosomes, typically contains nonessentia
The frequency of Rob translocation in newborn belise genes and repetitive sequences such as nucleglmipr
approximately one in 1,000. Rob translocation isuan  ing regions, and is usually lost within a few a#ilisions.
usual type of chromosome rearrangement caused @y tw
particular chromosomes joining together. In humahs, Translocation between chromosomes 13 and 14 is the
occurs in the five acrocentric chromosomes, such awost frequent one in humans, estimated to be approx
chromosomes 13, 14, 15, 21, and 22. During a Roisir imately 75% of all Rob translocations. The t (12) and
location, the participating chromosomes break a&irth t (13; 21) are two rare Rob translocations, conmmis
centromeres and the long arms fuse to form a singlgbout only 1.2 and 2% of all detected Rob transionos,
chromosome with a single centromere. The short arm®spectively [1].
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Since Rob translocation carriers have a balanceshet  In this study, we report results of chromosome esgay
somal complement, they are healthy and have a mormaon studies in sperm of a Rob translocation family
lifespan, and may be unaware of their unusual chrom

some rearrangement. A Rob translocation can bertién  Case report

ted for many generations without detection. This case report was occasioned by the ascertatrohan
25-year-old Chinese man (IV-1) married to a non-
In Rob translocations, at the end of meiosis Ireg@tion  consanguineousoman with normal chromosomes (IV-2).
of the translocated and nontranslocated chromosomes
from the two different chromosome pairs implicakeads  This couple had a son who died at the age of 6 Imspnt
to the formation of either _balanced (a_Iternate &8gion  puried without an autopsy, but had a chromosomeystu
mode) or unbalanced (adjacent 1, adjacent 2, @hd&: pecause of cerebral palsy. The karyotyping analgsis
gregation modes) gametes [2, 3], which can sege€gat |1 was authenticated by the Chinese Academic Com-
different ways at anaphase. Only products of aiern mjttee of the state key laboratory of medical giesawith
segregation have normal/balanced karyotype. previously undescribed balanced human karyotypeY44X
der(14;15)(g10;910), der(14;15)(q10;q10) (Eégure 2.).
All other segregation modes (adjacent-1, adjace3t®)
produce unbalanced gametes with disomies and oullis The parents of the propositus are phenotypicaliynab
mies of chromosomes involved in Rob translocatitiiis. st consins, each a carrier of the same Rob lwaagon
well known that meiotic tetravalent configurati@mds to
segregate in alternate way [4], resulting in prefiéal
production of normal/balanced spermatozoa. Howeve
certain percentages of unbalanced gametes denived f
adjacent segregation are also produced, leadinthdo
increased risk of miscarriage and pregnancy witkblirth

of chromosomally unbalanced fetus. I E( OR S
1 2

Analysis of the chromosomal constitution in sperin o
Rob translocation carriers is of great interestaf®sessing
the risk of unbalanced offspring and adapting denet
counseling. Sperm fluorescence in situ hybridizatio

(FISH) using appropriate probes is a useful teammifpr 11 /((:35 | | ):O:(
predicting the rate of each class of segregatiodemdn 2 3
sperm from translocation carriers. During the Bestade,

meiotic segregation in spermatozoa has been refigate
studied in male carriers of Rob translocations §§. -Al-

though it may vary from one translocation to theeot  TII L ) @
2

(III-1, III-2). Their parents, a mutual uncle, and both
randparents are deceased, thus it is not podsibdie-
ermine whether I-1 or I-2 was the carrier of ttensloca-
tion (Figure 1).

the rate of unbalanced gametes is generally natlgsine

enough for genetic counseling, but most of theadiess 1 \
showed strong prevalence of alternate segregatiayai

metes. However, one recent study gave conflictasglts, IV )
showing a high percentage of unbalanced spermaiozoa
two Rob translocation carriers [10].

2
More recently, interchromosomal effects (ICE) haeen
described for several chromosome pairs in Rob lbaas
tions. The interchromosomal effect (ICE) refersatdis- 1
turbance of meiosis where rearranged chromosonses di

rupt disjunction and distribution of chromosomerpaiot  pigure 1: Pedigree of the family transmitting Rob trans-
involved in the rearrangement. '_rhls effect wad fasst-  |5cation chromosome t(14; 15)(q10;q10). Open herago
ulated by Lejeune [11], who noticed an excess 0f@@  gesignates a presumed carrier of t(14; 15)(q10;q10)
of balanced reciprocal translocations among theefatof  gjjed hexagon designates a known carrier of
children with Down syndrome. Contradictory data déav t(14:15)(q10:q10). The proband, IV-1 (arrow), hasainy
been reported on the analysis of spermatozoa. 5evef(14;15)(q10;q10). The proband's wife, IV-2, hacar-
studies have found such an ICE in male carrierBaf 5 karyotype. Their deceased son, V-1, was a earri
translocations [12, 13], but others did not [14]. 15 with karyotype 45,XY,der(14;15)(q10:q10).

1

<
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Figure 2: Karyotype of the proband of the study, 44,XY,del®)(q10;q10),der(14;15)(q10;q10), having disoraythe
Rob translocation chromosome (arrows).

M aterials and M ethods cusspecific probes (LSP) and Tel probes from V{gis
sis, Downers Grove, IL, USA). For IV-1 andI-1,
Patients 14/15 two fluorescent probes were used: TelVysiwbe
Two men were included in the study. 14q (D14S1420, Spectrum Red) for 14932.33 and TelVy
IV-1: 25-year-old, Karyotype is 44,XY, der (14;15) sion Probe 15q(D15S120, Spectrum Green) for 15¢26.3
(910;g910), der(14;15)(q10;q10) aHd-1: 48-year-old,
Karyotype is 45,XY,der(14;15)(q10;q10) Secondly, to investigate the presence of ICE,eriullor
FISH was performed using the second probe mixture
Sperm preparation, FISH and scoring which consist of commercial satellite (DNA) probfesm

All semen samples were first analyzed to evaluaterme, Vysis, including chromosomes 18, X and Y (CEP 18,
concentration and motilityT@ble. 1.), according to the Spectrum Blue/CEP X, Spectrum Green/CEP Y, Spec-
World Health Organization criteria [16]. After seme trum Red).
analysis, sperm with progressive motility was itetiaand
washed twice in phosphate buffered saline (pH By4) Post-hybridization washes included 2 min in 0.4x8SC
centrifugation at 1500 rpm for 11 min. Final pedletere  0.3%NP-40 (pH=7) at 72 °C, followed by 1 min in
fixed with 5 ml of acetic acid/methanol mixture3Lfor  2xSSC/ 0.1%NP-40 (pH=7) at room temperature. Slides
at least 30 min at 4 °C. Aliquots (40BPof the resulting were covered with DAPI Il (Vysis). Only intact spea-
suspension of nuclei were smeared on cold pre-etbantozoa bearing a similar degree of decondensatiah an
slides. Nuclei decondensation was performed in 1 Nlear hybridization signals were scored; disrugtedver-
NaOH for 2 min. After dehydration in ethanol serieslapping spermatozoa were excluded from analysidy On
(70 %, 90 %, 100 %), denaturation was performed islides with hybridization efficiency of 99% and raor
0.25 % formamide in 2xSSC followed by overnight hy-were analyzed. 1,000 sperm nuclei per patient \aaee
bridization with a combination of commercially aahle lyzed.
probes.

Statistical analysis
Two sets of probe mixtures were used in this studyChi-squared test was used to compare frequenciss-of
Firstly, for the detection of normal/balanced orban gregation products. A probability value of lessntita05
lanced sperm, dual-color FISH was carried out u#tng was considered to be statistically significant.
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Table 1. Cytogenetic and spermiologic results of IV-1 andTable 3. Inlll-1, the higher frequencies of aneuploidy for
0-1 sex chromosome were observed. In addition, the in-
creased rates of diploid were found. The incideate

Patient ~ Age  Sperm concentra-  Mobility (a+b)\  spermatozoa with nullisomydisomy and diploid for the

= 4%/ears) tign (x107/mi) 55 (%) sex chromosomes dil-1 was significantly higher com-
IV:1 o5 56 53 pared to that of IV-1 (P<0.05). But, compared I\With

controls, the incidence was not significant [172}. 2

Table 2. The number of spermatozoa scored, the alternat
mode of segregation, incidence of sperm nullisaisp-
my and 3:0/diploid for the chromosomes involvedhia
Rob translocation in two Rob translocation carriers

Segregation modes 11-1 V-1
normal or balanced 799 997
nullisomy 14 41 2
disomy 14 49 0
nullisomy 15 55 0
disomy 15 45 0
3:0 or diploid 11 1
Total 1000 1000

Table 3. Incidence of sperm nullisomy, disomy and diploid
for chromosomes 18, X and Y in two Rob translonatioFigure 3. Sperm cells after hybridization with TelVysion

carriers 14932.33 (Spectrum Red) and TelVysion 15926.3 {Spec

trum Green).The sperm with red arrow may be a diplo
Segr egation modes 11-1 V-1 sperm.

normal or balanced 949 994 ) _

nullisomy 18 3 0 Discussion

disomy 18 2 1

nullisomy Sex chromosome 15 2 Fusion of human spermatozoa with zona-free haragigr

disomy Sex chromosome 10 3 has been the only available method for the studstroic-

3:0 or diploid 21 0 tural chromosomal aberrations in human sperm dimél

Total 1000 1000 occurrence of FISH [22]. Multicolor FISH on decon-
densed sperm nuclei allows for a rapid analysiss(than

Results 1 hour) of meiotic segregation in sperm of tranatmn

carriers, providing information on the exact amooht

A total of 4,000 sperm nuclei from the two transitian normal/balanced sperm.

carriers were analyzed for this study. The resoftshe

segregation analysis are detailed in Table 2 afdETa Accumulation of such information is undoubtedly wnp
tant not only for basic cytogenetic research bab dbr

To Rob translocation heterozygote of this papet}, the reproductive counseling of Rob translocation cesrie

rate of normal/balanced spermatozoa resulting fatier- ~ The t(14;15) are rare Rob translocations. Our slataved

nate segregation is 79.9%. The frequency of unbathn that alternate segregation was largely dominant aslfa-

spermatozoa resulting from adjacent segregati@.i&%. cent segregations in the uncommon Rob translocation

To Rob translocation homozygosity (IV-1), the rate carriers. This finding is consistent with resultsnfi pre-

balanced spermatozoa is 99.7%. The frequency cé-unbvious studies [20, 21].

lanced spermatozoa is 0.3% (see Table 2)lIki, the

frequency of unbalanced spermatozoa was significantTo Rob translocation heterozygote of this papérX),

higher compared to that of IV-1 (P<0.05). In IVthe the rate of normal/balanced spermatozoa resultiom f

frequency of unbalanced spermatozoa was similaoity alternate segregation is 79.9%. The frequency dfaun

some controls [17-21]. lanced spermatozoa resulting from adjacent segoegist
20.1%. To Rob translocation homozygosity (IV-1)e th

The nullisomy, disomy and diploid rates for chromo-rate of balanced spermatozoa is 99.7%. The frequehc

somes 18, X and Y ifll-1 and IV-1 are summarized in unbalanced spermatozoa is 0.3% (Table 2)IIk, the
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frequency of unbalanced spermatozoa was significantbetween karyotypically similar populations, esplgia
higher compared to that of IV-1 (P<0.05). In IVihe when many rob metacentric chromosomes display mono-
frequency of unbalanced spermatozoa had similaaty brachial homologies [27]. In the caseMi@ntjac little or
some controls. This finding is consistent with goegly no measurable genetic or morphological differerase
published data [5 - 7]. The high prevalence of dlter-  been found [28].
nate segregation had been presumed to occur betiguse
configuration of the trivalent during meiosis fagdran Homozygosity for Rob translocations in man has been
alternate segregation in all Rob translocations 223. described before. A fetus with two t(14;21) chroomss
was found by Dallapiccola et al. [29]. The relapzadtents
Variability in frequencies of unbalanced sperm iffe  were heterozygous for the same translocation. Neztet
ent studies can be related to technical aspecth as al. [30] described three adult sibs homozygous for
FISH protocols, probes or scoring criteria used.[25 t(13;14). Their parents were first-cousins and both were
heterozygous carriers. Rajangam et al. [31] found a
ICE first described by Lejeune [11], but the hypstis of unique DS karyotype 45, XY, der(14;21)pat, der(1$2
an ICE associated with carriers of Rob translooatibas mat, +21mat. Whereas translocation heterozygosty i
always been a controversial issue [26]. Some repsup- associated with meiotic disturbances that causstilitly
ported the possibility of ICE in Rob translocatigi®, and subfecundity. Translocation homozygosity shawalt
13]. However, others demonstrated no evidence igf thhave any effect on meiosis, at least in theory.[30]
phenomenon [9, 18].
In conclusion, this present work supports thatra#te
The interchromosomal effect could be explained Hyy t segregation is largely dominant over adjacent gggre
formation of heterosynapses between chromosomes itiens in spermatozoa from Rob translocation cesriEur-
volved in the translocation and the sex vesiclejcvh thermore, the higher incidences of aneuploidy fex s
could also involve other chromosomes [11, 26]. chromosomes in spermatozoa found in Rob transtotati
carriers indicated that the ICE on sex chromosanti&e-
In the present study, the significant increaseesraf nul- ly in some male carriers of Rob translocations.
lisomy for the sex chromosomes were observedll i,
the higher frequencies of aneuploidy for sex chreonee  Taking into consideration relatively high levels wiba-
were observed. In addition, the increased rategipppid ~ lanced sperm and unbalanced embryos, PGD is @abtifi
were found. The incidence of spermatozoa witHfor Rob translocation carriers to reduce the riskniscar-
nullisomy. disomy and diploid for the sex chromosomesfiage and to increase the chances of pregnancyg\aehi
of TI-1 was significantly higher compared to that of1v- Ment[32 - 35].
(P < 0.05). But, compared V-1 with controls [121],

the incidence was not significant Since the propositus is phenotypically normal witr-

mal fertility, we consider the chromosomal rearemegnt
The propositus (IV-1) is healthy and has a balanced! the person 1o bg a balan_ced polymor_phlsm [3€].Th
chromosomal complement. Assessment of a semen sa erration can provide material for_ evol_utlon. _TE*“’_ab'
ple from the propositus (IV-1) showed normal sper Ishment of a new human subspecies Wlth_ a diploihc
number and morphology. Given his Kkaryotype Ofple_ment.of 44 chromosomes could occur .'f a smgipo
44, XY, der(14:15)(q10:q10),der(14:15)(q10:q10), we a lation with the karyotype o_f the propositus undego
sumed that the person’s sperm karyotype to be stemsi  10Ng-term reproductive isolation [37].

ly 22,X ,der(14;15)and 22,Y,der(14;15), then, ow a

sumption was proved by this research. From Taded® Acknowledgments

3, we can see most of sperms of IV-1 are balanaptbh

id (not normal haploid). From Figure 3, we can see We thank Barry Starr and John M. Opitz for theitphe
sperm (with arrow) has four fluorescence signai® (ted  This work was supported by a grant 81102141 from Na
and two green). This means the sperm has two deeva tional Science Foundation of China

chromosomes of der(14;15), but we can not telsfiem

is disomy of derivative chromosome or diploid. 1oro *These authors contributed equally to this work.

future research, we will employ tripl-color FISH(fex-

ample: the probe mixture consist of chromosomes 13  References
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