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Abstract

Chromosomal aberrations are relatively frequent pathologies in both humans and animals.

Among them, translocations present a specific meiotic segregation pattern able to give a

higher percentage of unbalanced gametes that can induce fertility problems. In this study,

the meiotic segregation patterns of 1p, 1q and 18 Bubalus bubalis chromosomes were ana-

lyzed in both total sperm fraction and motile sperm fraction of a t(1p;18) carrier and a control

bulls by triple-color FISH analysis with a pool of specific BAC probes. The frequencies of

each total sperm fraction products in the carrier resulting from alternate, adjacent I, adjacent

II and 3:1 segregation were 39%, 20%, 1% and 38%, respectively. On the other hand, the

frequencies of each motile sperm fraction products in the carrier resulting from alternate,

adjacent I, adjacent II and 3:1 segregation were 93%, 5%, 0% and 2%, respectively. The fre-

quencies of normal sperms in the carrier were 27% and 69% in total sperm fraction and

motile sperm fraction, respectively. The frequencies detected in motile sperm fraction were

also validated by comparison with bull’s progeny. To our knowledge, this is the first report on

the meiotic segregation patterns in motile sperm fractions of B. bubalis bull carrying a chro-

mosomal translocation. These data suggest that translocation has a very limited effect on

aneuploidy in the gametes, and therefore, on the reproductive abilities of the bull.

Introduction

The reproductive efficiency of bulls is considered one of the most important traits from an eco-

nomic point of view. It gives an estimation of the amount of milk produced by a single dairy

cow, influencing the frequency of conception [1]. After the insemination, the conception rate

depends on physiologic and genetic factors, such as hormones, nutrition, level of energy and

chromosomal aberrations (CA) [2,3]. The aneuploidies are often responsible of the embryonic

and fetal death (genetically aberrant embryos formation), determining a lower calving rate in
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comparison to the fertilization rate [4]. Among these, the chromosomal aberrations (CA) are

considered one of the major causes of embryonic loss in mammals and their incidence has

been estimated around 7–10% in the embryos of domestic animals [5]. Those present in live-

born animals involve the sex chromosomes and balanced structural rearrangements as chro-

mosomal translocations (CT), classified in Robertsonian or centric fusions (rob) and

reciprocal translocations. CT involve the exchange of chromosomal material between the arms

of heterologous chromosomes, thereby changing genetic positioning but, hardly ever, the

amount of genetic material. They modify the meiotic division of germ cells giving race to nor-

mal and translocated (unbalanced spermatozoa) chromosomes formation by two type of segre-

gation: 2:2 (alternate, adjacent I or adjacent II) and 3:1. This condition, in a carrier, can

generate an elevated percentage of chromosomally unbalanced gametes that can reduce its

reproductive success and increase the risk of transmitting chromosomal anomalies to offspring

[6,7]. For this reason, since the discovery of the rob (1;29) in cattle [8] (5–10% reduction in fer-

tility and responsible for approximately 3% of the unbalanced sperm and 4% of the unbalanced

oocytes) [9,10], several countries have provided for cytogenetic monitoring of breeds, espe-

cially meat ones [11], detecting several chromosomal aberrations. Recent molecular studies

suggest that rob(1;29) can also have a pericentric inversion or a transposition, in addition to

the centric fusion [12,13].

Unlike cattle, autosomal CA, such as translocations, have rarely been reported in Bubalus
bubalis (BBU) [14,15]. In Italian river buffalo, as often happens for other species also, there is

no systematic karyotyping control for the bulls selected for progeny test. Therefore, the pres-

ence of undetected chromosomal aberrations in bulls, selected for Artificial Insemination (AI),

may be spread in the population very quickly, with extremely negative results for the genetic

progress of the species. Studies of CA in BBU bulls, selected for AI, have been much less fre-

quent including a complex rearrangement involving BBU 1 chromosome fission followed by t

(1p;23) (associated with embryonic death and reduced fertility) [16] and a t(1p;18) [17], object

of this study. For this reason, the development of specific chromosome painting probes in

BBU (river type) [18,19] is expected to improve cytogenetic screening in this species.

The purpose of this study was to compare the proportion of genetically unbalanced male

gametes as well as the sperm aneuploidies of the translocated t(1p;18) BBU bull (2n = 50, XY)

on both total sperm fraction (TSF) and motile sperm fraction (MSF), for the first time. Consid-

ering that, studies dealing with aneuploidies in bull spermatozoa have only been focused on

the detection of sex chromosomes aneuploidies [20] or used as a tool for detection of the pro-

portion of unbalanced spermatozoa involved in robs [21]. Triple color Fluorescent in Situ
Hybridization (FISH) was used to study both the meiotic segregation patterns and the aneu-

ploidy frequencies in BBU 1p, 1q and 18 chromosomes. For comparison, aneuploidy frequen-

cies of the carrier and control bulls were evaluated in parallel on both TSF and MSF. Besides,

the probability rate for progeny at birth was compared with the real progeny of the translo-

cated bull (50 offsprings), as reported by Albarella et al. [17], demonstrating the importance of

the mechanisms of meiotic segregation of translocations as a risk factor for pregnancy losses,

birth defects and presence of cryptic carriers of chromosomal aberrations.

Materials and methods

Semen samples

Commercial cryopreserved semen straws, from two Italian Mediterranean river buffalo bulls,

were obtained from the Italian Buffalo Breeders Association (ANASB), thus not requiring ani-

mal ethics committee approvals. The bulls examined in this study were previously karyotyped

resulting in a t(1p;18) for the first one and a normal karyotype for the control.
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Swim-up technique and trypan blue test

Frozen spermatozoa were thawed at 37˚C for 40 seconds and separated by the swim-up proce-

dure in modified sperm thyroid’s albumin lactate pyruvate medium [22] for 1 hour, to select

only the motile population. Sperm motility and viability were evaluated immediately after

thawing, while head decondensation was assessed after swim-up separation. Sperm motility

was examined by phase-contrast microscopy (Nikon Diaphot 300) at 40 X magnification on a

clean and dry glass slide overlaid with a coverslip and maintained on the thermo-regulated

stage at 37˚C. Any drifting of the specimen was permitted to stop and the percentage of motile

spermatozoa was subjectively determined to the nearest 5% by analyzing four to five fields of

view [23]. Sperm viability was assessed by the trypan blue/Giemsa technique as previously

reported [24]. Briefly, 5 μl of semen and 5 μl of 0.27% trypan blue were spread on a clean slide

fixed in 37% formaldehyde and stained with 7.5% Giemsa overnight. Sperm cells were micro-

scopically evaluated at 40 X magnification (Nikon Diaphot 300). A total of 100 spermatozoa

were analyzed per slide and the percentage of alive sperm with an intact acrosome was

recorded.

Slide preparation and decondensation

Preparation and decondensation of spermatozoa were conducted according to the protocol

described by Pauciullo et al. [25] with slight modifications. Briefly, the semen of each animal,

obtained from both entire samples and samples undergoing swim-up technique, was washed

three times in an equal volume of PBS (pH 7.4) containing 6 mmol l−1 EDTA and fixed in 3:1

methanol: acetic acid. A 15μl droplet of the fixed suspension was placed on a clean microscopic

slide and air-dried at room temperature for 3 hours. In this way, four different kinds of sam-

ples were prepared: 1) TSF from the carrier of t(1p;18); 2) MSF from the carrier of t(1p;18); 3)

TSF from the control; 4) MSF from the control. Sperm DNA was denatured by immersion in 3

mmol l−1 NaOH at room temperature and, the optimal decondensation time was determined

experimentally resulting in 3 min for slides 1 and 3, whereas 2 min for slide 2 and 4, respec-

tively. After decondensation, all the slides were washed in distilled water, dehydrated by a

series of ethanol solutions (70, 80, and 96%) at −20˚C for 2 min each, and air-dried before

hybridization.

Probes preparation, hybridization and signal analysis

Each probe used in the study consisted of a pool of three Bacterial Artificial Chromosome

(BACs) selected in a contig (maximal distance between clones: 600 Kb), to increase the size of

the sequence covered by the probe (around 1 Mb) and thus the intensity of the FISH signals

(Table 1). They were obtained from the INRA bovine BAC library [26] and their specificity

was first tested on both bovine and river buffalo lymphocyte banded metaphases (S1 Fig). The

schematic representation of the translocation and localization of the BACs, used in this study,

is illustrated in Fig 1. DNA isolation was performed using CHORI (Children’s Hospital Oak-

land Research Institute) recommended protocol. Preparation of probes and hybridization by

Triple-colour FISH analysis were carried out according to the protocols described by Iannuzzi

et al. [27,28] with slight modifications. Briefly, the probes were labeled with Biotin-16-dUTP

and Digoxigenin-11-dUTP by Bio-Prime Array kit (Invitrogen) as showed in Table 1. Each

probe was denatured for 10 min at 70˚C and then pre-annealed by incubation at 37˚C for 60

min. For each slide, three probes were hybridized simultaneously on decondensed sperm

heads, covered with 22-mm coverslips, sealed and incubated for 24 h at 37˚C in a moist cham-

ber. Post-hybridization washes involved two series of 5 min incubations in 50% formamide in

2X SSC at 45˚C followed by two series of 5-min incubations in 2XSSC at 45˚C. Hybridization
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sites of labeled probes were visualized by indirect staining using FITC-avidin and TRIC-anti-

digoxigenin antibody, incubating the slide in a dark moisture chamber at 37˚C for 1h. Finally,

spermatozoa were counterstained with Vectashield DAPI H 1000 (Vector Lab) antifade solu-

tion. The slides were analyzed under a Leica DM 5500 (Leica Microsystems) fluorescence

microscope equipped with 100 X lens, triple bandpass specific filters (DAPI, FITC, Texas Red)

and high-sensitivity monochrome camera. Digital images were captured in grey-scale and

false colors were created by Cytovision-Leica specific software, giving different types of gam-

etes (Fig 2).

Statistical analysis

Chi-square Test [29] was used to compare: 1) the frequencies between sperm selection meth-

ods within each bull; 2) the frequencies between carrier and control bull within each sperm

selection methods; 3) the carrier alternate segregation sperm frequencies (normal and bal-

anced sperms) and bull’s progeny. The P-value of less than 0.01 was considered significant.

Results

Trypan blue test

The semen analysis data in both bulls (carrier and control) was similar for the sperm motility

(60.0±0.0) as well as for the sperm viability (65.0±0.0). However, the translocated bull showed

a great percentage (35%) of bent tail abnormalities on live sperm.

FISH analysis

Fig 1 shows the predicted segregation patterns of BBU chromosomes 1 and 18. The corre-

sponding segregation analysis, illustrated in Table 2, was achieved on an average of 10,000

spermatozoa (evaluated in the step of 2,000 and 5,000 also) for TSF and MSF of the carrier and

2,000 for TSF and MSF of the control samples. The efficiency of hybridization was about

99.7% where only well-decondensed sperm heads, exhibiting high-intensity signals, were con-

sidered for the analysis. The meiotic segregation pattern for the t(1p;18) carrier was deter-

mined by the presence of triple color FISH signals that corresponded to chromosomes 1p (red

Table 1. BAC probes with their genome view (according to NCBI) used for triple colour FISH analysis.

PROBE TOTAL LENGHT (Kb) Bos taurus UMD 3.1.1 Genome localization

(bp)

CHROMOSOMAL LOCALIZATION LABEL IMPOSED COLOUR

1st pool

bI

0004H06

83,78 22,452,603–22,536,386 BTA 27q 13

bI 0696G12 122,39 23,090,214–23,212,604 BBU 1p 13 Digoxigenin Red

bI 0042A07 242,34 23,287,629–23,529,972

2nd pool

bI

0565H04

110,73 284,010–394,741 BTA 1q 1.3–1.4

bI

0701H06

139,82 393,355–533,183 BBU 1q 1.3–1.4 Biotin Green

bI 0972E09 115,29 43,977–159,269

3rd pool

bI 0550F02 152,78 45,041,967–45,194,755 BTA 18q 1.5–2.1 Biotin

bI 0039B11 100,79 44,410,860–44,511,655 BBU 18q 1.5–2.1 + Yellow

bI 0393A06 147,11 43,921,537–44,068,649 Digoxigenin

https://doi.org/10.1371/journal.pone.0232592.t001
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signal), 1q (green signal) and 18 (yellow signal), as shown in Fig 2. In order to distinguish alter-

nate normal (1 and 18 BBU chromosomes) from balanced (der1 and der18) sperms, we have

considered as normal sperms all those who presented three detached signals (Fig 2A) and, bal-

anced sperms all those presented yellow and red signal close to each other and green signal

detached (Fig 2B). We have evaluated them also in the control bull to validate our hypothesis.

In this way, for the carrier, the frequencies of alternate, adjacent I, adjacent II and 3:1 segrega-

tion were 39%, 20%, 1% and 38%, for TSF, and 93%, 5%, 0% and 2% for MSF, respectively. In

the control, they were 98%, 0%, 0% and 2% for TSF and 98%, 1%, 0% and 1% for MSF

(Table 2). For this reason, we have shown that 27% of TSF of the carrier has resulted normal

(in comparison to the control with 97%), while the 12% were balanced (in comparison to the

control with 1%). On the other hand, 69% of the MSF of the carrier was normal (in compari-

son to the control with 97%), while the 24% were balanced (in comparison to the control with

1%). However, in TSF of the carrier, we have found a high percentage of Adjacent I (20%) and

3:1 (38%) segregations not detected in MSF. Other possible combinations were observed only

in the TSF of the carrier (2%).

Fig 1. Illustration of the various gametes produced by 2:2 and 3:1 segregation mechanisms of Bubalus bubalis (BBU) 1

and 18 chromosomes involved in the translocation, with localization of the DNA probes used in the meiotic segregation

assay (upper pane): Red circle (R) for the 1st pool, green square (G) for the 2nd pool and yellow triangle (Y) for the 3rd

pool. The signal pattern of FISH and the corresponding fluorescent phenotypes are also indicated, while interstitial crossing-

overs were not considered. Corresponding schematic representation of the fertilization between a normal river buffalo

oocyte and t(1p;18) carrier sperms detected by FISH analysis for MSF, where for each type of embryo is indicated the success

rate (%) according to our results.

https://doi.org/10.1371/journal.pone.0232592.g001
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Statistical analysis

Significant differences (P <0.001) were observed both between sperm selection methods and

between bulls (Fig 3). No significant differences were observed comparing Alternate segrega-

tions (normal and balanced sperms) of the carrier and its offspring reported by Albarella et al.

[17] (Table 3).

Discussion

The analyses performed in this study aimed to define the quality of viable sperms derived from

a buffalo bull with a chromosomal translocation compared to a control bull. No significant dif-

ferences were recorded in sperm motility and viability between the carrier and control bulls.

However, the carrier bull showed a higher proportion of bent tails. In swamp buffalo (Bubalus
bubalis 2n = 48), it is known that sperm abnormalities, in bulls selected for AI, should not

exceed 15% of tail defects [30,31] whereas, to our knowledge, no information is available for

the river type. Nevertheless, sperm defects involving tail are mostly filtered out in the female

reproductive tract reaching the oviduct, reducing competition with normal cells for fertiliza-

tion [32]. In a recent study, the relationship between sperm quality and in vivo fertility was

examined on the Italian Mediterranean buffalo bull. The results of this study showed that bent

tails may be associated with sperm accumulation in the ampullae, resulting in sperm aging

which can decrease sperm DNA quality, hence fertility [33]. Regardless of the number of nor-

mal sperms present, fertility decreases with>30% morphologically abnormal sperm or>20%

head defects [34].

Cytological studies on chromatin architecture often utilize 3D FISH analysis to conserve

the shape and three-dimensional structure of the nuclei [35], considering the cell nucleus has a

compartmentalized structure assembled by Chromosome Territories and Inter-Chromatin

Compartment. Chromatin architecture may be also studied with 2D FISH analysis proving

that 1) individual chromosomes occupy distinct territories [36]; 2) each chromosome has a

Fig 2. Representative sperm nuclei for bull Bubalus bubalis t(1p;18) carrier with 1st (BBU 1p), 2nd (BBU 1q) and

3rd (BBU 18q) pool stained in (red) R, (green) G and yellow (Y), respectively. a Normal sperm nucleus with 1/1/1

fluorescent phenotype and separate signals. b Balanced sperm nucleus with 1/1/1 fluorescent phenotype and R and Y

signals close to each other. c Adjacent I sperm nucleus with 1/2/1 fluorescent phenotype. d Adjacent I sperm nucleus

with 1/0/1 fluorescent phenotype. e Adjacent II sperm nucleus with 2/1/0 fluorescent phenotype. f 3:1 sperm nucleus

with 1/1/0 fluorescent phenotype. g 3:1 sperm nucleus with 1/0/0 fluorescent phenotype. h 3:1 sperm nucleus with 0/0/

1 fluorescent phenotype. i 3:1 sperm nucleus with 0/1/1 fluorescent phenotype. l Other sperm nucleus with 2/0/1

fluorescent phenotype. m Other sperm nucleus with 2/0/1 fluorescent phenotype. n Other sperm nucleus with 0/2/1

fluorescent phenotype.

https://doi.org/10.1371/journal.pone.0232592.g002
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defined intra-nuclear localization and the relative positioning of chromosomes is not-random

[37]. For this reason, we have chosen 2D FISH analysis combined with a pool of BACs, to

obtain more precise and distinct spot signals not revealing extended, string-like structures or

loops, to evaluate sperm segregations in the best way. We have validated our hypothesis to con-

sider as normal sperms (normal chromosomal structure) all those presented three detached

signals (Fig 2A) and balanced sperms (abnormal chromosomal structure) all those presented

Table 2. Sperms resulting from meiotic segregation on both t(1p;18) and control bulls, detected on total and motile sperm fractions.

PATTERNS OF

SEGREGATION

FLUORESCENT

PHENOTYPES

ASSOCIATED

GENOTYPE

No. of TOTAL

SPERM

FRACTIONS t

(1p;18)

% No. of TOTAL

SPERM

FRACTIONS (ctr)

% No. of MOTILE

SPERM

FRACTIONS t

(1p;18)

% No. of MOTILE

SPERM

FRACTIONS (ctr)

%

Alternate (1/1/1) Normal n = 25,

+BBU1; +BBU18;

-der1; -der18

2,681 27 2,264 97 6,906 69 2,070 97

(1/1/1) Balanced n = 25;

+der1; +der18;

-BBU1; -BBU18

1,223 12 16 1 2,443 24 21 1

Alternate TOT 3,904 39 2,280 98 9,349 93 2,091 98

Adjacent I (1/2/1) n = 25; +BBU1;

+der18; -BBU18;

-der 1

841 8 0 0 155 2 27 0

(1/0/1) n = 25; +BBU18;

+der1; -BBU1;

-der18

1,131 11 10 0 308 3 2 0

Adjacent I TOT 1,972 20 10 0 463 5 29 1

Adjacent II (2/1/0) n = 25; +BBU1;

+der1; -BBU18;

-der18

147 1 0 0 8 0 0 0

(0/1/2) n = 25; +BBU18;

+der18; -BBU1;

-der1

0 0 0 0 0 0 0 0

Adjacent II TOT 147 1 0 0 8 0 0

3:1 Segregation (1/1/0) n = 24; +BBU1;

-BBU18; -der1;

-der18

1,556 15 18 1 71 1 7 0

(1/0/0) n = 24; +der1;

-BBU1; -BBU18;

-der18

506 5 0 0 10 0 0 0

(0/1/1) n = 24; +der18;

-BBU1; -BBU18;

-der18

1,241 12 0 0 108 1 0 0

(0/0/1) n = 24; +BBU18;

-BBU1; -der18; -der1

504 5 22 1 18 0 8 0

3:1 Segregation TOT 3,807 38 40 2 207 2 15 1

Other (2/0/1) n = 25; +BBU18;

+der1; -BBU1;

-BBU18

7 0 0 0 0 0 0 0

(0/2/1) n = 25; +der18;

+der1p; -BBU1;

-BBU18; -der1

131 1 0 0 0 0 0 0

(0/1/0) n = 24; +der1p;

-BBU1; -der1;

-BBU18; -der1

78 1 0 0 0 0 0 0

Other TOT 216 2 0 0 0 0 0 0

TOT 10,046 2,330 10,027 2,135

https://doi.org/10.1371/journal.pone.0232592.t002
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yellow and red signal close to each other and green signal detached (Fig 2B). Furthermore, we

have evaluated them in the control bull also, which possessed 97% normal sperms and the 1%

of balanced sperms (most probably induced by a coincidence due to the sperm rotation) in

both sperm selected methods. For this reason, the carrier possessed a significantly higher per-

centage of balanced sperms on both sperm selected methods in comparison to the control one.

If there had been alterations of the signals due to the 2D FISH analysis (overlapping signals),

we should have had 2 yellow signals for the normal sperms and 1 green and 1 yellow signals

for the balanced sperms; but we have never detected these combinations in all sperms counted,

as shown in Fig 2.

We counted 10,000 sperms of the carrier, for each sperm selected methods, to have more

precise data due to the various segregation patterns detected (Table 2), in comparison to the

control where 2,000 sperms (98% Alternate) were sufficient for a good evaluation. We have

evaluated carrier segregations at 2,000 and 5,000 total sperms also, finding no change in the

percentage of sperm segregation patterns detected in 10,000 on both selected methods. In this

Fig 3. Differences between both sperm selection methods and bulls by Chi-square Test.

https://doi.org/10.1371/journal.pone.0232592.g003

Table 3. Alternate carrier sperms segregation and bull’s progeny differences by Chi-square Test.

Alternate segregations Total sperm fractions n (%) Motile sperm fractions n (%) Bull’s progeny� n (%)

Normal 2,681 (69)A 6,906 (74)B 35 (70.0)AB

Balanced 1,223 (31)A 2,443 (26)B 15 (30.0)AB

Total 3,904 9,349 50

A,B Values with different superscripts within rows are different P < 0.001

� Data reported by Albarella et al., 2013

https://doi.org/10.1371/journal.pone.0232592.t003
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way, we analyzed the frequencies of numerical chromosomal aberrations derived from a trans-

location in both total and swim-up sperm fractions, mainly to examine the efficiency of swim-

up in the elimination of sperms with numerical chromosomal aberrations, comparing also the

results with the offspring according to the results reported in Albarella et al. [17] (Table 3).

The results of this study demonstrated that the swim-up separation was effective in reduc-

ing the percentage of chromosomal aberration in the carrier bull compared with the control

one, improving sperm quality (Fig 3). This result was also validated by significant differences

found between TSF and MSF of both Adjacents I and 3:1 Segregation of the carrier (Table 2).

TSF of the carrier showed 20% of Adjacent I and the 38% of 3:1 Segregation, most probably

due to the presence of massive unbalanced non-motile sperms, not detected in MSF. On the

other hand, no significance has been found between TSF and MSF of the control bull, where

about 98% of sperms have resulted with normal chromosome constitution (Table 2) in both

fractions, while 2% of sperms resulted in aneuploidy for BBU 1 and 18, giving a frequency of

autosomal disomies approximately 0.04% per chromosome. This data showed the frequencies

of autosomal aneuploidies are generally low and comparable with the results showed by Rybar

detected in 6 normal bulls [38], while they resulted lower in comparison with standard find-

ings in humans [39,40] and pigs [41].

Finally, our results are in accordance with an earlier study in humans in which swim up

reduced the proportion of sperm with chromosomal aberrations and the rate of sperm diso-

mies and diploids [42]. Furthermore, a correlation between the percentage of MSF (Alternate

segregation) of the carrier and its offspring has been demonstrated (Table 3). In this case, 74%

of sperms had a normal chromosome constitution, while 26% had the same translocation as

the carrier (balanced chromosome constitution), in line with data of bull’s progeny (70% nor-

mal and 30% translocated) reported by Albarella et al. [43], as shown in Table 3.

Conclusions

Different biotechnologies as swim-up techniques, FISH analysis, a pool of BAC probes have

been used together to get a more precise and complete segregation analysis. To our knowledge,

this is the first report on the meiotic segregation patterns of a BBU bull carrying a CT that

shows the strict connection among the MSF selected by the swim-up method, the chromosome

constitution and the progeny. These data suggest that translocation may have a very limited

effect on aneuploidy in the gametes, and therefore, on the reproductive abilities of the bull.

Finally, thanks to the cytogenetic monitoring of BBU bulls, CA can be easily detected, preserv-

ing the genetic selection of reproducers.

Further studies are needed to increase the dataset, to better understand the correlation

between motility and chromatin integrity.

Supporting information

S1 Fig. FISH analysis on Bubalus bubalis RBH (R-banded Hoechst) metaphase spreads

using the three pools of BAC probes: Red signals represent the 1st pool located on BTA 27,

green signals represent the 2nd pool located on BTA 1 and yellow signals represent the 3th

pool located on BTA 18. The arrows represent the position of centromere in each chromo-

some.

(TIF)

PLOS ONE Analysis of meiotic segregation in a t(1p;18) river buffalo bull

PLOS ONE | https://doi.org/10.1371/journal.pone.0232592 May 4, 2020 9 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0232592.s001
https://doi.org/10.1371/journal.pone.0232592


Acknowledgments

The authors wish to thank Dr. Angelo Coletta for the cryopreserved semen sample collection.

AI and CDD had a relevant role in this study.

Author Contributions

Conceptualization: Pietro Parma, Alessandra Iannuzzi.

Data curation: Valentina Longobardi, Gianluigi Zullo, Alfredo Pauciullo, Alessandra

Iannuzzi.

Formal analysis: Pietro Parma.

Funding acquisition: James Higgins.

Investigation: Chiara Di Dio, Valentina Longobardi, Angela Perucatti.

Methodology: Chiara Di Dio, Alessandra Iannuzzi.

Supervision: Alessandra Iannuzzi.

Validation: Alessandra Iannuzzi.

Writing – original draft: Alessandra Iannuzzi.

Writing – review & editing: Pietro Parma, Alfredo Pauciullo, James Higgins, Alessandra

Iannuzzi.

References
1. Berry DP, Friggens NC, Lucy M, Roche JR (2016) Milk Production and Fertility in Cattle. Annu Rev

Anim Biosci 4: 269–290. https://doi.org/10.1146/annurev-animal-021815-111406 PMID: 26526546

2. Yan L, Robinson R, Shi Z, Mann G (2016) Efficacy of progesterone supplementation during early preg-

nancy in cows: A meta-analysis. Theriogenology 85: 1390–1398 e1391. https://doi.org/10.1016/j.

theriogenology.2015.12.027 PMID: 26822872

3. Andree O’Hara E, Holtenius K, Bage R, von Bromssen C, Emanuelson U (2019) An observational study

of the dry period length and its relation to milk yield, health, and fertility in two dairy cow breeds. Prev

Vet Med 175: 104876. https://doi.org/10.1016/j.prevetmed.2019.104876 PMID: 31918356

4. King WA (1991) Embryo-mediated pregnancy failure in cattle. Can Vet J 32: 99–103. PMID: 17423747

5. Jacobs PA (1990) The role of chromosome abnormalities in reproductive failure. Reprod Nutr Dev

Suppl 1: 63s–74s.

6. Bonnet-Garnier A, Berland HA, Beekers JF, Lacaze S, Pinton A, et al. (2007) Meiotic segregation analy-

sis in cows carriers of t(1;29) robertsonian translocation. Chromosome Research 15: 148–+.

7. Tateno H, Miyake YI, Mori H, Kamiguchi Y, Mikamo K (1994) Sperm chromosome study of two bulls

heterozygous for different Robertsonian translocations. Hereditas 120: 7–11. https://doi.org/10.1111/j.

1601-5223.1994.00007.x PMID: 8206786

8. Gustavsson I, Rockborn G (1964) Chromosome Abnormality in Three Cases of Lymphatic Leukaemia

in Cattle. Nature 203: 990.

9. Larkin DM, Farre M (2015) Cytogenetics and Chromosome Maps. Genetics of Cattle, 2nd Edition: 103–

129.

10. Bonnet-Garnier A, Lacaze S, Beckers JF, Berland HM, Pinton A, et al. (2008) Meiotic segregation anal-

ysis in cows carrying the t(1;29) Robertsonian translocation. Cytogenetic and Genome Research 120:

91–96. https://doi.org/10.1159/000118744 PMID: 18467829

11. Ducos A, Revay T, Kovacs A, Hidas A, Pinton A, et al. (2008) Cytogenetic screening of livestock popula-

tions in Europe: an overview. Cytogenetic and Genome Research 120: 26–41. https://doi.org/10.1159/

000118738 PMID: 18467823

12. Di Meo GP, Perucatti A, Chaves R, Adega F, De Lorenzi L, et al. (2006) Cattle rob(1;29) originating

from complex chromosome rearrangements as revealed by both banding and FISH-mapping tech-

niques. Chromosome Res 14: 649–655. https://doi.org/10.1007/s10577-006-1074-1 PMID: 16964571

PLOS ONE Analysis of meiotic segregation in a t(1p;18) river buffalo bull

PLOS ONE | https://doi.org/10.1371/journal.pone.0232592 May 4, 2020 10 / 12

https://doi.org/10.1146/annurev-animal-021815-111406
http://www.ncbi.nlm.nih.gov/pubmed/26526546
https://doi.org/10.1016/j.theriogenology.2015.12.027
https://doi.org/10.1016/j.theriogenology.2015.12.027
http://www.ncbi.nlm.nih.gov/pubmed/26822872
https://doi.org/10.1016/j.prevetmed.2019.104876
http://www.ncbi.nlm.nih.gov/pubmed/31918356
http://www.ncbi.nlm.nih.gov/pubmed/17423747
https://doi.org/10.1111/j.1601-5223.1994.00007.x
https://doi.org/10.1111/j.1601-5223.1994.00007.x
http://www.ncbi.nlm.nih.gov/pubmed/8206786
https://doi.org/10.1159/000118744
http://www.ncbi.nlm.nih.gov/pubmed/18467829
https://doi.org/10.1159/000118738
https://doi.org/10.1159/000118738
http://www.ncbi.nlm.nih.gov/pubmed/18467823
https://doi.org/10.1007/s10577-006-1074-1
http://www.ncbi.nlm.nih.gov/pubmed/16964571
https://doi.org/10.1371/journal.pone.0232592


13. De Lorenzi L, Genualdo V, Gimelli S, Rossi E, Perucatti A, et al. (2012) Genomic analysis of cattle rob

(1;29). Chromosome Res 20: 815–823. https://doi.org/10.1007/s10577-012-9315-y PMID: 23053571

14. Iannuzzi L, Di Meo GP, Perucatti A, Zigarelli L (1998) A case of sex chromosome monosomy (2n = 49,

X) Turner’s syndrome in river buffalo (Bubalus bubalis). Cytogenetics and Cell Genetics 81: 137–137.

15. Iannuzzi L, Di Meo GP, Perucatti A, Incarnato D, Di Palo R, et al. (2004) Reproductive disturbances and

sex chromosome abnormalities in two female river buffaloes. Veterinary Record 154: 823–824. https://

doi.org/10.1136/vr.154.26.823 PMID: 15260445

16. Di Meo GP, Perucatti A, Genualdo V, Iannuzzi A, Sarubbi F, et al. (2011) A Rare Case of Centric Fission

and Fusion in a River Buffalo (Bubalus bubalis, 2n = 50) Cow with Reduced Fertility. Cytogenetic and

Genome Research 132: 26–30. https://doi.org/10.1159/000318011 PMID: 20693780

17. Albarella S, Ciotola F, Coletta A, Genualdo V, Iannuzzi L, et al. (2013) A New Translocation t(1p;18) in

an Italian Mediterranean River Buffalo (Bubalus bubalis, 2n = 50) Bull: Cytogenetic, Fertility and Inheri-

tance Studies. Cytogenetic and Genome Research 139: 17–21. https://doi.org/10.1159/000342360

PMID: 22986410

18. Pauciullo A, Perucatti A, Cosenza G, Iannuzzi A, Incarnato D, et al. (2014) Sequential cross-species

chromosome painting among river buffalo, cattle, sheep and goat: a useful tool for chromosome abnor-

malities diagnosis within the family Bovidae. PLoS One 9: e110297. https://doi.org/10.1371/journal.

pone.0110297 PMID: 25330006

19. Pauciullo A, Perucatti A, Iannuzzi A, Incarnato D, Genualdo V, et al. (2014) Development of a sequential

multicolor-FISH approach with 13 chromosome-specific painting probes for the rapid identification of

river buffalo (Bubalus bubalis, 2n = 50) chromosomes. Journal of Applied Genetics 55: 397–401.

https://doi.org/10.1007/s13353-014-0207-z PMID: 24664789

20. Pauciullo A, Cosenza G, Peretti V, Iannuzzi A, Di Meo GP, et al. (2011) Incidence of X-Y aneuploidy in

sperm of two indigenous cattle breeds by using dual color fluorescent in situ hybridization (FISH). Ther-

iogenology 76: 328–333. https://doi.org/10.1016/j.theriogenology.2011.02.010 PMID: 21529915

21. Bonnet-Garnier A, Pinton A, Berland HM, Khireddine B, Eggen A, et al. (2006) Sperm nuclei analysis of

1/29 Robertsonian translocation carrier bulls using fluorescence in situ hybridization. Cytogenetic and

Genome Research 112: 241–247. https://doi.org/10.1159/000089877 PMID: 16484779

22. Parrish JJ, Susko-Parrish JL, Leibfried-Rutledge ML, Critser ES, Eyestone WH, et al. (1986) Bovine in

vitro fertilization with frozen-thawed semen. Theriogenology 25: 591–600. https://doi.org/10.1016/

0093-691x(86)90143-3 PMID: 16726150

23. Evans G, Chisholm Maxwell WM, Salamon S (1987) Salamon’s artificial insemination of sheep and

goats: Butterworths.

24. Boccia L, Di Palo R, De Rosa A, Attanasio L, Mariotti E, et al. (2007) Evaluation of buffalo semen by Try-

pan blue/Giemsa staining and related fertility in vitro. Italian Journal of Animal Science 6: 739–742.

25. Pauciullo A, Nicodemo D, Peretti V, Marino G, Iannuzzi A, et al. (2012) X-Y aneuploidy rate in sperm of

two "minor" breeds of cattle (Bos taurus) by using dual color fluorescent in situ hybridization (FISH).

Theriogenology 78: 688–695. https://doi.org/10.1016/j.theriogenology.2012.03.017 PMID: 22503844

26. Eggen A, Gautier M, Billaut A, Petit E, Hayes H, et al. (2001) Construction and characterization of a

bovine BAC library with four genome-equivalent coverage. Genetics Selection Evolution 33: 543–548.

27. Iannuzzi A, Braun M, Genualdo V, Perucatti A, Reinartz S, et al. (2020) Clinical, cytogenetic and molec-

ular genetic characterization of a tandem fusion translocation in a male Holstein cattle with congenital

hypospadias and a ventricular septal defect. PLoS One 15: e0227117. https://doi.org/10.1371/journal.

pone.0227117 PMID: 31923267

28. Iannuzzi A, Pereira J, Iannuzzi C, Fu B, Ferguson-Smith M (2017) Pooling strategy and chromosome

painting characterize a living zebroid for the first time. PLoS One 12: e0180158. https://doi.org/10.

1371/journal.pone.0180158 PMID: 28700625

29. RDC T (2007) R: A Language and Environment for Statistical Computing.

30. Nordin W, Hilmi M, Bongso TA (1990) Semen characteristics related to age in growing Swamp buffalo

(Bubalus bubalis). Buffalo Journal 6: 6.

31. Koonjaenak S, Rodriguez-Martinez H (2007) Assessment of semen quality in Swamp Buffalo AI Bulls in

Thailand. Italian Journal of Animal Science 6: 701–704.

32. Jelinski M, Dorin C, Erickson N, Creelman C (2002) Understanding bull breeding soundness evalua-

tions. Veterinary Agri-Health Services Ltd: 7.

33. Serafini R, Love CC, Coletta A, Mari G, Mislei B, et al. (2016) Sperm DNA integrity in frozen-thawed

semen from Italian Mediterranean Buffalo bulls and its relationship to in vivo fertility. Anim Reprod Sci

172: 26–31. https://doi.org/10.1016/j.anireprosci.2016.06.010 PMID: 27421229

PLOS ONE Analysis of meiotic segregation in a t(1p;18) river buffalo bull

PLOS ONE | https://doi.org/10.1371/journal.pone.0232592 May 4, 2020 11 / 12

https://doi.org/10.1007/s10577-012-9315-y
http://www.ncbi.nlm.nih.gov/pubmed/23053571
https://doi.org/10.1136/vr.154.26.823
https://doi.org/10.1136/vr.154.26.823
http://www.ncbi.nlm.nih.gov/pubmed/15260445
https://doi.org/10.1159/000318011
http://www.ncbi.nlm.nih.gov/pubmed/20693780
https://doi.org/10.1159/000342360
http://www.ncbi.nlm.nih.gov/pubmed/22986410
https://doi.org/10.1371/journal.pone.0110297
https://doi.org/10.1371/journal.pone.0110297
http://www.ncbi.nlm.nih.gov/pubmed/25330006
https://doi.org/10.1007/s13353-014-0207-z
http://www.ncbi.nlm.nih.gov/pubmed/24664789
https://doi.org/10.1016/j.theriogenology.2011.02.010
http://www.ncbi.nlm.nih.gov/pubmed/21529915
https://doi.org/10.1159/000089877
http://www.ncbi.nlm.nih.gov/pubmed/16484779
https://doi.org/10.1016/0093-691x(86)90143-3
https://doi.org/10.1016/0093-691x(86)90143-3
http://www.ncbi.nlm.nih.gov/pubmed/16726150
https://doi.org/10.1016/j.theriogenology.2012.03.017
http://www.ncbi.nlm.nih.gov/pubmed/22503844
https://doi.org/10.1371/journal.pone.0227117
https://doi.org/10.1371/journal.pone.0227117
http://www.ncbi.nlm.nih.gov/pubmed/31923267
https://doi.org/10.1371/journal.pone.0180158
https://doi.org/10.1371/journal.pone.0180158
http://www.ncbi.nlm.nih.gov/pubmed/28700625
https://doi.org/10.1016/j.anireprosci.2016.06.010
http://www.ncbi.nlm.nih.gov/pubmed/27421229
https://doi.org/10.1371/journal.pone.0232592


34. Barth AD (2007) Evaluation of potential breeding soundness of the bull. In: Youngquist RS, Threlfall

WR, editors. Current Therapy in Large Animal Theriogenology 2: Saunders Elsevier, Philadelphia. pp.

228–240.

35. Cremer T, Kupper K, Dietzel S, Fakan S (2004) Higher order chromatin architecture in the cell nucleus:

on the way from structure to function. Biology of the Cell 96: 555–567. https://doi.org/10.1016/j.biolcel.

2004.07.002 PMID: 15519691

36. Haaf T, Ward DC (1995) Higher-Order Nuclear-Structure in Mammalian Sperm Revealed by in-Situ

Hybridization and Extended Chromatin Fibers. Exp Cell Res 219: 604–611. https://doi.org/10.1006/

excr.1995.1270 PMID: 7641811

37. Zalenskaya IA, Zalensky AO (2004) Non-random positioning of chromosomes in human sperm nuclei.

Chromosome Research 12: 163–173. https://doi.org/10.1023/b:chro.0000013166.04629.97 PMID:

15053486

38. Rybar R, Kopecka V, Prinosilova P, Kubickova S, Veznik Z, et al. (2010) Fertile bull sperm aneuploidy

and chromatin integrity in relationship to fertility. Int J Androl 33: 613–622. https://doi.org/10.1111/j.

1365-2605.2009.00989.x PMID: 19751362

39. Spriggs EL, Rademaker AW, Martin RH (1996) Aneuploidy in human sperm: The use of multicolor FISH

to test various theories of nondisjunction. American Journal of Human Genetics 58: 356–362. PMID:

8571962

40. Templado C, Bosch M, Benet J (2005) Frequency and distribution of chromosome abnormalities in

human spermatozoa. Cytogenetic and Genome Research 111: 199–205. https://doi.org/10.1159/

000086890 PMID: 16192695

41. Rubes J, Vozdova M, Kubickova S (1999) Aneuploidy in pig sperm: multicolor fluorescence in situ

hybridization using probes for chromosomes 1, 10, and Y. Cytogenetics and Cell Genetics 85: 200–

204. https://doi.org/10.1159/000015293 PMID: 10449898

42. Jakab A, Kovacs T, Zavaczki Z, Borsos A, Bray-Ward P, et al. (2003) Efficacy of the swim-up method in

eliminating sperm with diminished maturity and aneuploidy. Hum Reprod 18: 1481–1488. https://doi.

org/10.1093/humrep/deg288 PMID: 12832376

43. Albarella S, Ciotola F, Coletta A, Genualdo V, Iannuzzi L, et al. (2013) A new translocation t(1p;18) in an

Italian Mediterranean river buffalo (Bubalus bubalis, 2n = 50) bull: cytogenetic, fertility and inheritance

studies. Cytogenetic and Genome Research 139: 17–21. https://doi.org/10.1159/000342360 PMID:

22986410

PLOS ONE Analysis of meiotic segregation in a t(1p;18) river buffalo bull

PLOS ONE | https://doi.org/10.1371/journal.pone.0232592 May 4, 2020 12 / 12

https://doi.org/10.1016/j.biolcel.2004.07.002
https://doi.org/10.1016/j.biolcel.2004.07.002
http://www.ncbi.nlm.nih.gov/pubmed/15519691
https://doi.org/10.1006/excr.1995.1270
https://doi.org/10.1006/excr.1995.1270
http://www.ncbi.nlm.nih.gov/pubmed/7641811
https://doi.org/10.1023/b:chro.0000013166.04629.97
http://www.ncbi.nlm.nih.gov/pubmed/15053486
https://doi.org/10.1111/j.1365-2605.2009.00989.x
https://doi.org/10.1111/j.1365-2605.2009.00989.x
http://www.ncbi.nlm.nih.gov/pubmed/19751362
http://www.ncbi.nlm.nih.gov/pubmed/8571962
https://doi.org/10.1159/000086890
https://doi.org/10.1159/000086890
http://www.ncbi.nlm.nih.gov/pubmed/16192695
https://doi.org/10.1159/000015293
http://www.ncbi.nlm.nih.gov/pubmed/10449898
https://doi.org/10.1093/humrep/deg288
https://doi.org/10.1093/humrep/deg288
http://www.ncbi.nlm.nih.gov/pubmed/12832376
https://doi.org/10.1159/000342360
http://www.ncbi.nlm.nih.gov/pubmed/22986410
https://doi.org/10.1371/journal.pone.0232592

