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INTRODUCTION

The river buffalo (Bubalus bubalis) and cattle (Bos 
taurus) both belong to the tribe Bovini, one of the 
several tribes within the family Bovidae. The closest 
common ancestor of cattle and river buffalo has been 
traced back to the middle Miocene, approximately 

13.2 million years ago (Hassanin et  al.,  2012, 2013). 
In terms of genome organization, river buffalo and 
cattle have different chromosome numbers (2n = 50 for 
B. bubalis—river type—and 2n = 60 for B. taurus), but 
they share the same autosomal fundamental number 
(FN = 58). This discrepancy arises from five centric 
fusions involving 10 acrocentric bovine chromosomes, 
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Comparative analysis of cattle (Bos taurus, 2n = 60) and river 
buffalo (Bubalus bubalis, 2n = 50) genome assemblies reveals two 
evolutionary conserved inversions and invalid centromere–telomere 
orientation of some autosomes
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Abstract
This study investigates autosome evolution between river buffalo (Bubablus 
bubalis, BBU) and cattle (Bos taurus, BTA), two closely related species within 
the Bovidae family. Despite differences in chromosome numbers (2n = 60 in 
cattle and 2n = 50 in river buffalo), previous cytogenetic studies have shown high 
autosome similarity. However, standard banding techniques have limitations in 
detecting small-scale genomic rearrangements. Using molecular comparisons, 
this study identifies two previously undetected chromosomal inversions: a 30-
Mb inversion on BBU7 (compared to BTA6) and a 4-Mb inversion on BBU14 
(compared to BTA13). These findings were validated through bioinformatics 
analyses (genomic alignments and BLAST searches) and confirmed via 
fluorescence in  situ hybridization technique. In addition, it has been shown 
that several river buffalo chromosomes are shown inverted in the genome 
assembly considered in this study (NDDB_SH_1). The study highlights that 
autosome evolution in Bovidae involves not only centric fusions but also cryptic 
intra-chromosomal rearrangements. These results contribute to a deeper 
understanding of genome evolution in closely related species and demonstrate 
the importance of high-resolution molecular techniques in uncovering hidden 
genomic changes.
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which resulted in five bi-armed river buffalo chromo-
somes (Iannuzzi,  1994; Iannuzzi et  al.,  2021). In this 
family, centric fusions have appeared to be the prin-
cipal mechanism of autosome evolution (Iannuzzi 
et  al.,  2009). Except for the five centric fusions, cy-
togenetic analyses comparing the two karyotypes 
reveal perfect autosomal similarity between the two 
species; even in these instances, the homology be-
tween river buffalo chromosome arms and cattle 
chromosome arms is preserved. However, these anal-
yses, conducted using various chromosome banding 
techniques, have a significant limitation: they cannot 
detect evolutionary rearrangements below a certain 
resolution threshold.

A cryptic rearrangement of 7.4 Mb between bo-
vine and goat was identified previously (De Lorenzi 
et al., 2015), and a 1.5-Mb rearrangement between cattle 
and sheep was demonstrated more recently (De Lorenzi 
et  al.,  2020). These findings suggest that evolutionary 
cryptic rearrangements, while present, remain undetect-
able through standard cytogenetic procedures.

In this study, by comparing the autosomal genomes 
of river buffalo and cattle at the molecular level, we 
uncovered two evolutionary rearrangements that had 
previously gone undetected using standard cytogenetic 
techniques.

M ATERI A LS A N D M ETHODS

Identification of genome divergences

Genome divergence detection between river buffalo and 
cattle was conducted following the methodology described 
by De Lorenzi et al.  (2015). The getfasta function in the 
Bedtools package was used to extract the first 400 bp of 
each Mb of each river buffalo chromosome (Quinlan & 
Hall, 2010). The analyses were performed using software 
available on the Galaxy platform (Afgan et  al.,  2016). 
Using the NDDB_SH_1 genome assembly for river buf-
falo, each 400-bp sequence was compared with the cow ge-
nome (ARS-UCD1.3 genome assembly) using the NCBI 
BLAST tool (Altschul et al., 1990; Sayers et al., 2022). The 
data were then visualized in Excel, with each point repre-
senting sequence locations in the two different genomes.

Cytogenetic analysis

The bacterial artificial chromosomes used to generate 
the probes (Table 1) are all from the CHORI-240 library, 
and the fluorescence in situ hybridization (FISH) stud-
ies were performed in accordance with De Lorenzi and 
Parma (2020).

Long read sequence analyses

Data from two whole-genome sequencing projects were 
used to confirm differences between the two genomes: 
(i) genomic sequences obtained using Oxford Nanopore 
technology (Deamer et al., 2016) for river buffalo; and 
(ii) PacBio HiFi technology (Travers et  al.,  2010) for 
cattle. Sequences were visualized using Integrative 
Genomics Viewer (Robinson et al., 2011), and BLAST 
was used to search for implicated sequences. Regions 
containing proximal and distal potential evolutionary 
breakpoints (EBPs) were manually analyzed (Altschul 
et al., 1990).

RESU LTS

The genomic sequence alignments between river buffalo 
and cattle autosomes are shown in Figure 1. Anomalies 
were defined as cases where at least three consecutive 
probe sequences were out of alignment (represented by 
three dots on the graphs), deviating from the expected 
perfect chromosomal alignment. Single dots, present 
in almost all chromosomes, represent river buffalo se-
quences mapping onto cattle genomic unmapped frag-
ments. One exception is the three BBU13 fragments, 
all of which map to a large cattle unmapped fragment 
rather than to BTA12.

One key factor examined was chromosome orien-
tation. Some chromosomes were found to be inverted, 
meaning that bp position 1 indicated the telomeric re-
gion rather than the centromeric region. This finding is 
crucial, as it can affect the selection of potential centro-
meric or telomeric genomic probes. The chromosomes 
involved include: BBU4, BBU5, BBU7, BBU9, BBU10, 
BBU11, BBU13, BBU14, BBU15, BBU16, BBU17, BBU20, 
BBU22, and BBU24. Regarding the five river buffalo 
chromosomes with 2 arms (BBU1, 2, 3, 4, and 5), only 
the last two are reported in the reverse direction. In 
this case, base number 1 corresponds to the telomere of 
the long chromosome of the pair and not to that of the 
short chromosome as it should be. These inversions were 

TA B L E  1   Characteristics of bacterial artificial chromosomes 
used for fluorescence in situ hybridization probe production.

Name BTA Positiona (Mb) END sequences b

346 J14 BTA6 10.6 CC505807/CC505720

437 J1 BTA6 30.7 CC552074/CC551985

386G19 BTA13 13.2 CC588008/CC587923

421B5 BTA13 16.2 CC540860/CC540765

Abbreviation: BTA, Bos taurus.
aPosition on ARS_UCD_1.3 genome assembly.
bEnd sequence of the bacterial artificial chromosome available on GenBank.
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confirmed using previously available physical mapping 
data (data not shown).

An example is reported for BBU9, where the VAV1 
gene is located at 93.5 Mb. Given that BBU9 is 110 Mb 
long, VAV1 should reside in the telomeric region. 

However, FISH mapping in both species places VAV1 
near the centromere (Di Meo et  al.,  2008), confirming 
the inversion of BBU9 (Figure 2).

Looking at the alignments between river buffalo and 
cattle chromosomes, two significant anomalies can be 

F I G U R E  1   Cattle (BTA) vs. river buffalo chromosome (BBU) genomic alignments. Genomic alignments between cattle and river buffalo 
chromosomes are shown. Each dot represents a fragment mapped onto the two genomes. Two contiguous points are 1 Mb apart. The river 
buffalo genome is represented on the X-axis, the cattle genome on the Y-axis. The two potential inversions are highlighted in red. A positive 
slope of the straight line identified by the dots indicates that the river buffalo chromosomes are correctly reported in the genome assembly; 
conversely, a negative slope indicates an inverted view. Green arrows indicate the two inversions identified.
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seen: an approximately 30-Mb inversion of BBU7 com-
pared to its bovine counterpart BTA6 (Figure 3a) and a 
smaller (around 4 Mb) inversion of BBU14 compared to 
its counterpart BTA13 (Figure 3d). These inversions be-
tween river buffalo and cattle were confirmed by FISH 
(Figure 3b,c,e,f).

Long-read sequencing further validated the presence 
of these inversions. In cases of inversion, a river buffalo 
sequence located near an EBP should align perfectly 
with the river buffalo genome but appear “broken” in 
the bovine genome. This pattern was confirmed using 
BLAST for both the BBU7/BTA6 (Figure  4a,b) and 
BBU14/BTA13 (Figure 4c,d) inversions.

G- and R-banding comparisons between cattle and 
river buffalo chromosomes involved in the two inver-
sions (BTA6/BBU7 and BTA13/BBU14) revealed striking 
similarities (Figure 5).

DISCUSSION

The presence of cryptic chromosome evolution in phy-
logenetically close species has been previously demon-
strated. The findings of this study confirm that river 
buffalo and cattle also exhibit such rearrangements, re-
inforcing the notion that chromosome evolution in the 

F I G U R E  2   Verification of river buffalo chromosome orientation. The physical localisation of the VAV1 gene in cattle and river buffalo 
obtained by fluorescence in situ hybridization is reported (Di Meo et al., 2008). Chromosome ideograms are derived from published standard 
karyotypes: ISCNDB 2000 (2001) (cattle) and Iannuzzi (1994) (river buffalo). BBU9, river buffalo chromosome 9; BTA7, cattle chromosome 7.
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Bovidae family occurs not only through centric fusions 
but also through specific intra-chromosomal rearrange-
ments. Notably, standard banding techniques did not 
reveal these inversions. In the case of BTA6/BBU7, the 
inversion involves the first two centromeric bands, pre-
serving the overall banding pattern. The BTA13/BBU14 
inversion, involving only 3 Mb, is similarly undetectable 
via banding.

Chromosomal rearrangements can sometimes lead 
to significant phenotypic changes by modifying gene 
expression. For example, in pigs, a genetic compo-
nent affecting salt perception (SCNN1B) was found in 
a species-specific EBP, impacting salt taste sensitivity 
(Groenen et al., 2012).

The EBPs identified in this study are approximately 
located at 36 390 769 and 5 465 319 bp for BTA6, and 
17 639 712 and 11 290 631 bp for BTA13. The interfer-
ence of an EBP with the function of a genetic factor 
can occur not only through disruption of the factor it-
self but also through interference with its regulatory 
region. This aspect complicates the ability to predict 
the effect of an EBP, as precisely defining the size of 
a regulatory region is challenging. There are several 
examples showing that regulatory elements can be 

located several kilobases away from the transcrip-
tion start site. One such example is the SOX9 gene: 
breakpoints located more than 130 kb from the gene 
cause campomelic dysplasia in human patients (Wirth 
et al., 1996). More recently, a regulatory element for the 
Sry gene has been hypothesized to lie approximately 
84 kb upstream of the transcription start site (Dupont 
et al., 2025).

As for the four EPBs identified in this study, their 
position relative to nearby genetic factors varies from 
case to case. The two EBPs on BTA6 do not directly 
involve any genetic factor; among these, only the one at 
position 36 390 769 is located upstream at a reasonable 
distance from two genes: HERC6 (−25 kb) and PPM1K 
(−60 kb).

Regarding the EBP located on BTA13, the one at po-
sition 11 290 631 appears to lie within a poorly charac-
terized genetic factor: LOC112449367, ankyrin repeat 
domain-containing protein 62-like. However, identifying 
this genetic factor in the river buffalo assembly is com-
plex, as there are multiple locations on BBU14 with vary-
ing orientations.

Finally, the EBP on BTA13 at position 17 639 712 
involves the 5′ untranslated region of another poorly 

F I G U R E  3   Analysis of inversions by fluorescence in situ hybridization (FISH). The two inversions found by bioinformatics analysis 
were confirmed by FISH, which are reported. (a, d) Bio-informatic results. (b, e) FISH results on cattle metaphase. (c, f) FISH results on river 
buffalo metaphase. The colors used to indicate the bacterial artificial chromosomes used as probes (green and red) are representative of the 
FISH probes on the metaphases.
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characterized genetic factor (LOC112449258), which 
is also an ankyrin repeat domain-containing protein 
like.

In conclusion, this study identifies two chromosome 
inversions between river buffalo and cattle. Both bioin-
formatics and FISH analyses confirm these rearrange-
ments, which appear to have no direct association with 
known genetic factors. It was also shown that 14 river 

buffalo chromosomes are shown inverted in the genome 
assembly considered in this study.
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F I G U R E  4   Breakpoint analysis by means of long-read sequences. The figure shows the alignments of 4 long read sequences with the cattle 
and river buffalo genomes. (a) The river buffalo genome sequencing produced the sequence a0692627e112, which matches perfectly with BBU7 
but breaks when matched with the BTA6. (b) Cattle genome sequencing produced the sequence 160565472, which matches perfectly with BTA6 
but breaks when matched with the BBU7. (c) The river buffalo genome sequencing produced the sequence 96ec6011220, which matches perfectly 
with BBU14 but breaks when matched with the BTA13. (d) Cattle genome sequencing produced the sequence 110102558, which matches 
perfectly with BTA13 but breaks when matched with the BBU14.
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BTA13 (ARS-UCD1.3 ) bp 17,621,357 bp 17,638,420

bp 1 bp 10,189

bp 72,482,409 bp 66,267,796

bp 5,321 bp 6,746

bp 5,570 bp 5,556



      |  7 of 8KARYOTYPIC DIVERGENCES BETWEEN CATTLE AND RIVER BUFFALO

cytogenetic investigation. Michele Zannotti: cytogenetic 
investigation. Leopoldo Iannuzzi: cytogenetic investiga-
tion, review and editing. Pietro Parma: conceptualization, 
data interpretation, writing and editing.

ACK NOW LEDGEM EN T
Open access publishing facilitated by Universita degli Studi 
di Milano, as part of the Wiley - CRUI-CARE agreement.

F U N DI NG I N FOR M AT ION
This study has been partially supported by the pro-
ject PON01_486 GENOBU, Ministry of Education, 
University and Research.

CON F LICT OF I N T ER E ST STAT EM EN T
The authors declare no conflicts of interest.

ORCI D
Alessandra Iannuzzi   https://orcid.
org/0000-0002-2693-3111 
Sara Albarella   https://orcid.org/0000-0002-4018-8007 
Wiktoria Kowal-Mierzwa   https://orcid.
org/0000-0001-9179-4659 
Pietro Parma   https://orcid.org/0000-0003-1544-6673 

R E F ER E NC E S
Afgan, E., Baker, D., van den Beek, M., Blankenberg, D., Bouvier, 

D., Čech, M. et  al. (2016) The galaxy platform for accessible, 
reproducible and collaborative biomedical analyses: 2016 up-
date. Nucleic Acids Research, 44(W1), W3–W10. Available from: 
https://​doi.​org/​10.​1093/​nar/​gkw343

Altschul, S.F., Gish, W., Miller, W., Myers, E.W. & Lipman, D.J. 
(1990) Basic local alignment search tool. Journal of Molecular 
Biology, 215(3), 403–410. Available from: https://​doi.​org/​10.​1016/​
S0022​-​2836(05)​80360​-​2

De Lorenzi, L. & Parma, P. (2020) Identification of some errors in the 
genome assembly of Bovidae by FISH. Cytogenetic and Genome 
Research, 160(2), 85–93. Available from: https://​doi.​org/​10.​1159/​
00050​6221

De Lorenzi, L., Pauciullo, A., Iannuzzi, A. & Parma, P. (2020) 
Cytogenetic characterization of a small evolutionary rearrange-
ment involving chromosomes BTA21 and OAR18. Cytogenetic 
and Genome Research, 160(4), 193–198. Available from: https://​
doi.​org/​10.​1159/​00050​7645

De Lorenzi, L., Planas, J., Rossi, E., Malagutti, L. & Parma, P. 
(2015) New cryptic karyotypic differences between cattle 
(Bos taurus) and goat (Capra hircus). Chromosome Research, 
23(2), 225–235. Available from: https://​doi.​org/​10.​1007/​s1057​
7-​014-​9462-​4

Deamer, D., Akeson, M. & Branton, D. (2016) Three decades of 
nanopore sequencing. Nature Biotechnology, 34(5), 518–524. 
Available from: https://​doi.​org/​10.​1038/​nbt.​3423

F I G U R E  5   Comparative analysis of chromosomes involved in inversions. The figure shows the comparison between BTA6 and BBU7 and 
between BTA13 and BBU14 with four different banding techniques. The types of banding and classification of chromosomes are shown directly 
in the figure. In details they are: GBG, G-banding by early BrdU-incorporation and Giemsa staining; GTG, G-banding by trypsin and Giemsa-
staining; RBA, R-banding by late BrdU-incorporation and Acridine orange staining; RBG, R-banding by late BrdU-incorporation and Giemsa 
staining. The chromosomes reported are obtained and elaborated from Iannuzzi (1996) for cattle and Iannuzzi (1994) for river buffalo.

GTG

BTA6 BTA6 BTA6 BTA6BBU7 BBU7 BBU7BBU7

GBG RBA RBG

BTA13 BBU14 BTA13 BBU14 BTA13 BBU14BTA13 BBU14

https://orcid.org/0000-0002-2693-3111
https://orcid.org/0000-0002-2693-3111
https://orcid.org/0000-0002-2693-3111
https://orcid.org/0000-0002-4018-8007
https://orcid.org/0000-0002-4018-8007
https://orcid.org/0000-0001-9179-4659
https://orcid.org/0000-0001-9179-4659
https://orcid.org/0000-0001-9179-4659
https://orcid.org/0000-0003-1544-6673
https://orcid.org/0000-0003-1544-6673
https://doi.org/10.1093/nar/gkw343
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1159/000506221
https://doi.org/10.1159/000506221
https://doi.org/10.1159/000507645
https://doi.org/10.1159/000507645
https://doi.org/10.1007/s10577-014-9462-4
https://doi.org/10.1007/s10577-014-9462-4
https://doi.org/10.1038/nbt.3423


8 of 8  |      PISTUCCI et al.

Di Meo, G.P., Perucatti, A., Floriot, S. et  al. (2008) An extended river 
buffalo (Bubalus bubalis, 2n = 50) cytogenetic map: assignment of 68 
autosomal loci by FISH-mapping and R-banding and comparison 
with human chromosomes. Chromosome Research, 16(6), 827–837. 
Available from: https://​doi.​org/​10.​1007/​s1057​7-​008-​1229-​3

Dupont, S.M., Garcia-Moreno, A., O'Neil, E.V. & Capel, B.C. (2025) 
KDM6B is a conserved activator at the top of the male sex de-
termination pathway. Development (Cambridge, England), 152, 
dev.204724. Available from: https://​doi.​org/​10.​1242/​dev.​204724

Groenen, M.A., Archibald, A.L., Uenishi, H., Tuggle, C.K., Takeuchi, 
Y., Rothschild, M.F. et al. (2012) Analyses of pig genomes provide 
insight into porcine demography and evolution. Nature, 491(7424), 
393–398. Available from: https://​doi.​org/​10.​1038/​natur​e11622

Hassanin, A., An, J., Ropiquet, A., Nguyen, T.T. & Couloux, A. (2013) 
Combining multiple autosomal introns for studying shallow 
phylogeny and taxonomy of laurasiatherian mammals: applica-
tion to the tribe Bovini (Cetartiodactyla, Bovidae). Molecular 
Phylogenetics and Evolution, 66(3), 766–775. Available from: 
https://​doi.​org/​10.​1016/j.​ympev.​2012.​11.​003

Hassanin, A., Delsuc, F., Ropiquet, A., Hammer, C., Van Vuuren, 
B.J., Matthee, C. et al. (2012) Pattern and timing of diversifica-
tion of Cetartiodactyla (Mammalia, Laurasiatheria), as revealed 
by a comprehensive analysis of mitochondrial genomes. Comptes 
Rendus Biologies, 335(1), 32–50. Available from: https://​doi.​org/​
10.​1016/j.​crvi.​2011.​11.​002

Iannuzzi, A., Parma, P. & Iannuzzi, L. (2021) The cytogenetics of the 
water Buffalo: a review. Animals, 11(11), 3109. Available from: 
https://​doi.​org/​10.​3390/​ani11​113109

Iannuzzi, L. (1994) Standard karyotype of the river buffalo (Bubalus 
bubalis L., 2n=50). Report of the committee for the standard-
ization of banded karyotypes of the river buffalo. Cytogenetics 
and Cell Genetics, 67, 102–113. Available from: https://​doi.​org/​10.​
1159/​00013​3808

Iannuzzi, L. (1996) G- and R-banded prometaphase karyotypes in cat-
tle (Bos taurus L.). Chromosome Research, 4, 448–456. Available 
from: https://​doi.​org/​10.​1007/​BF022​65052​

Iannuzzi, L., King, W.A. & Di Berardino, D. (2009) Chromosome 
evolution in domestic bovids as revealed by chromosome band-
ing and FISH-mapping techniques. Cytogenetic and Genome 
Research, 126(1–2), 49–62. Available from: https://​doi.​org/​10.​
1159/​00024​5906

ISCNDB 2000. (2001). International system for chromosome nomencla-
ture of domestic bovids, Di Berardino D., Di Meo G.P., Gallagher 
D.S., Hayes H., lannulzi L. (coordinalor) (eds). Cytogenetic and 
Cell Genetics, 92, 283–299. https://doi.org/10.1159/000056917

Quinlan, A.R. & Hall, I.M. (2010) BEDTools: a flexible suite of utilities 
for comparing genomic features. Bioinformatics, 26(6), 841–842. 
Available from: https://​doi.​org/​10.​1093/​bioin​forma​tics/​btq033

Robinson, J.T., Thorvaldsdóttir, H., Winckler, W., Guttman, M., 
Lander, E.S., Getz, G. et al. (2011) Integrative genomics viewer. 
Nature Biotechnology, 29(1), 24–26. Available from: https://​doi.​
org/​10.​1038/​nbt.​1754

Sayers, E.W., Bolton, E.E., Brister, J.R., Canese, K., Chan, J., Comeau, 
D.C. et al. (2022) Database resources of the national center for 
biotechnology information. Nucleic Acids Research, 50(D1), 
D20–D26. Available from: https://​doi.​org/​10.​1093/​nar/​gkab1112

Travers, K.J., Chin, C.S., Rank, D.R., Eid, J.S. & Turner, S.W. (2010) 
A flexible and efficient template format for circular consensus 
sequencing and SNP detection. Nucleic Acids Research, 38(15), 
e159. Available from: https://​doi.​org/​10.​1093/​nar/​gkq543

Wirth, J., Wagner, T., Meyer, J., Pfeiffer, R.A., Tietze, H.U., Schempp, 
W. et al. (1996) Translocation breakpoints in three patients with 
campomelic dysplasia and autosomal sex reversal map more than 
130 kb from SOX9. Human Genetics, 97(2), 186–193. Available 
from: https://​doi.​org/​10.​1007/​BF022​65263​

How to cite this article: Pistucci, R., Cascone, I., 
Iannuzzi, A., Albarella, S., Kowal-Mierzwa, W., 
Zannotti, M. et al.  (2025) Comparative analysis of 
cattle (Bos taurus, 2n = 60) and river buffalo 
(Bubalus bubalis, 2n = 50) genome assemblies 
reveals two evolutionary conserved inversions and 
invalid centromere–telomere orientation of some 
autosomes. Animal Genetics, 56, e70031. Available 
from: https://doi.org/10.1111/age.70031

https://doi.org/10.1007/s10577-008-1229-3
https://doi.org/10.1242/dev.204724
https://doi.org/10.1038/nature11622
https://doi.org/10.1016/j.ympev.2012.11.003
https://doi.org/10.1016/j.crvi.2011.11.002
https://doi.org/10.1016/j.crvi.2011.11.002
https://doi.org/10.3390/ani11113109
https://doi.org/10.1159/000133808
https://doi.org/10.1159/000133808
https://doi.org/10.1007/BF02265052
https://doi.org/10.1159/000245906
https://doi.org/10.1159/000245906
https://doi.org/10.1159/000056917
https://doi.org/10.1093/bioinformatics/btq033
https://doi.org/10.1038/nbt.1754
https://doi.org/10.1038/nbt.1754
https://doi.org/10.1093/nar/gkab1112
https://doi.org/10.1093/nar/gkq543
https://doi.org/10.1007/BF02265263
https://doi.org/10.1111/age.70031

	Comparative analysis of cattle (Bos taurus, 2n = 60) and river buffalo (Bubalus bubalis, 2n = 50) genome assemblies reveals two evolutionary conserved inversions and invalid centromere–telomere orientation of some autosomes
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Identification of genome divergences
	Cytogenetic analysis
	Long read sequence analyses

	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENT
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES


