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Abstract

B chromosomes (Bs) are additional to the standard regular chromosome set (As), and present in all
groups of eukaryotes. A reference genome is key to understand genomics aspects of an organism.
Here, we present the de novo genome assembly of the cichlid fish A. latifasciata: a well known
model to study Bs. The assembly of A. latifasciata genome has not been performed so far. The main
focus of this study is to analyze and assemble the A. latifasciata genome with no B (B-) and with B
(B+) chromosomes. The assembled draft B- and B+ genomes comprised of 774 Mb and 781 Mb
with 1.8 Mb and 2.5Mb of N50 value of scaffolds respectively, and spanning 23,391 number of
genes. High coverage data with Illumina sequencing was obtained for males and females with 0B,
1B and 2B chromosomes to provide information regarding the population polymorphism of these
genomes. We observed a high scale genomic diversity in all analyzed genomes showing a high
rate/frequency of population polymorphism with no evident effect of B chromosome presence.
However, the B specific single nucleotide polymorphisms were found in the sequences that were
located on B chromosome. While, the whole-genome rearrangements (inter chromosomal
translocations) were detected in B+ genome, and structural variations including insertions, deletions,
inversions and duplications were predicted in a representative genomic region of B chromosome.
These results bring an evidence that existence of Bs in a genome should favour the accumulations of
mutations and structural polymorphisms in the amlified genomic regions present on B chromosmes.
In addition, we also performed the coverage based sequence study coupled with FISH mapping
which revealed: 1) the existence of high copy number of inactive Indian Hedgehog b (Ihhb) gene on
B chromosome emerging as a pseudogene after series of duplication events ultimately becoming a
major structural component of B; 2) B chromosome have incorporated the entire 45S RNA cluster
(18S ribosomal RNA, internal transcribed spacer 1, 5.8S ribosomal RNA, internal transcribed spacer
2, and 28S ribosomal RNA) from the A complement set. The assembly of A. latifasciata genome will
serve as a reference for genetic analysis and the approach presented in this paper opens the

perspective to advance understanding B chromosomes biology.

Keywords: Genome Assembly, Cichlid fish, B chromosome, Genome, Sequencing, polymorphism,

evolution



1. Introduction

1.1. B chromosomes

B chromosomes (Bs) were first reported more than a century ago by E. B. Wilson in the
leaf-footed plant bug insect (Metapodius) (Wilson, 1907). Bs are accessories to the standard regular
chromosome set (As) and also named as extra chromosomes that are present in some individuals of
species. B chromosomes behave different from normal set of chromosomes because they do not pair
or undergo recombination with the A chromosomes during meiosis. They are inherited clonally and
do not obey Mendelian law (Jones and Houben, 2003). Two key factors are involve in maintenance
of Bs, its transmission rate (i.e., drive) and effects on fitness. It is believed unlikely that young extra
chromosomes lacking drive or beneficial effects (even being neutral) might invade a population and
become B chromosomes (Camacho et al. 1997; Camacho, 2005).

Today more than 15% of eukaryotic species including 500 animal species have been
reported to posses B chromosomes (Bs) (Camacho, 2005). Within the same population not all
individuals carry B chromosomes and their number can differ between individuals (e.g. Vulpes
vulpes, 2n = 34 As + 0-8 Bs; Rattus rattus, 2n = 42 + 0-5 Bs). Some species have different
morphological types of Bs exist within a single species . They can surprisingly exceed the number
of As in some species (e.g. Zea mays, 2n = 20 As + 0-34 Bs) (Liehr et al. 2008).

In most species which carry Bs, the mitotic transmission of Bs during growth and
development is normal and hence all cells carry the same number of Bs within the individual.
However, several exceptional studies stated that some Bs are mitotically unstable and can vary in
numbers in specific tissues and/or organs. For example, in the grasses (Aegilops speltoides and A.
mutica), Bs exist in aerial organs but not in roots (Mendelson and Zohary, 1972; Ohta, 1996). Bs
can also be distributed differently between genders from species to species. Normally Bs exist in
both gender, but sometime the frequency of Bs are higher in one sex. In some species the Bs are
present either in males only (eg. Moenkhausia sanctaefilomenae) (Portela-Castro et al. 2000) or
females only (eg. Astyanax scabripinnis paranae) (Maistro et al. 1992; Mizoguchi and Martins-
Santos, 1997).

B chromosomes are composed of repetitive DNAs such as rRNA genes (Houben et al. 2005;
Ruiz-Estévez et al. 2012), tandemly arranged repetitive elements (Potapov et al. 1990), LINEs (long
interspersed nuclear elements), SINEs (short interspersed nuclear elements) (Peppers et al. 1997),

interstitial telomeric sequences (Wurster et al. 1988; Szczerbal et al. 2003). The heterochromatic
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nature of B chromosomes gives the idea that these elements were mediated genetically inert and
their presence were not needed for survival or reproduction of the individuals (Camacho, 2005). But
recently comparative sequence analysis of the A and B chromosomes of rye plant (Secale cereale)
and cichid fish (Astatotilapia latifaciata) claim the inert nature of supernumerary chromosomes.
These studies concluded that B chromosome has gained a diverse range of repeat sequences and
protein-coding genes (Martis et al. 2012; Valente et al. 2014).

Different studies have revealed that B chromosomes keep transcriptionally active DNA
sequences that could play some role in variety of functions, such as the discovery of proto-
oncogenes and tumor-suppressor genes in the B chromosomes of canid species(Graphodatsky et al.
2005; Makunin et al. 2014), H3 and H4 histone genes in those of the migratory locust (Teruel et al.
2010), other protein-coding genes in the B chromosomes of a cichlid fish and the Siberian roe deer
(Capreolus pygargus) (Trifonov et al. 2013; Yoshida et al. 2011). In addition, Valente et al.
investigated the gene content of B chromosomes in cichlid fish (Astatotilapia latifasciata)
accomplice with different functions.

The numerical frequency of Bs carrying individuals shows phenotypic effects in some
species (Jones, 1982; Green, 1990). The small number of the B chromosomes seems to have no
impact on the phenotype while in a high number they can effect the phenotype (Bosemark, 1957b;
Gonzalez-Sanchez. et al. 2004). B chromosomes are linked with both negative and positive effects.
In grasshopper (Myrmeleotettix maculatus), they likely prevent animal development (Harvey and
Hewitt, 1979) and sperm dysfunction (Hewitt et al. 1987). A positive behavior was also found in
some organisms for example as in rice (Oryza sativa), Bs play role on plant height, weight of grain,
and length of its panicle (Cheng et al. 2000). The presence of B chromosomes in maize (Zea mays
L), alters the recombination frequency of A chromosomes (Rhoades, 1968).

The B chromosome originated as a by-product of A chromosome evolution of either the
same or related species (Camacho et al. 2000). The study on Bs origin of Canidae identified that it
carry several chromosomal regions of domestic dog that show co-hybridization to wild canid B
chromosomes (Becker et al. 2015). Recently, the rise of next generation sequencing confessed that
the B chromosomes of fish species Astatolilapia latifasciata and Astyanax paranae were evolved
from multiple As (Silva et al. 2014; Valente et al. 2014). Sequencing of rye B chromosome showed
that the B chromosome was originated from A chromosomes 3R and 7R(Martis et al. 2012). Kao et
al. (2015) using the Random Amplified Polymorphic DNA (RAPD) technology, revealed that four

short repetitive sequences were found to locate on both A and B chromosomes.
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7. Thesis conclusion

The Illumina reads coverage obtained for several samples (including males and females with
B+ and B- genotypes) will be useful to generate a population genomics scenario for the

species, including the B chromosome polymorphism.

The development of the present research provides the first de novo, both B+ and B- genome,
assemblies of A. latifasciata. These genomes are to be explored as a reference for future
analysis involving evolutionary and applied genomics. Both genomes also open the
perspective to advance understanding the role of B chromosomes in evolution of African
cichlids

We have identified nucleotide polymorphism to search for genome variations among B+ and
B- individuals. We observed a high scale genomic diversity in all analyzed genomes
showing a high rate of population polymorphism. This analysis suggests that the males were
comparatively under lower selective pressure than female with no evident effect of B

sequences.

We also identified that duplication events generate a higher number of copies for the Indian
Hedgehog b (Ihhb) gene and 45S rRNA gene-cluster in B+ genome. Single nucleotide
polymorphism for the corresponding genes were detected in B+ sequencing data. The B
chromosome does not influence the frequency of SNPs in the genome, however the presence
of B specific polymorphisms in duplicated B copies of Ihhb gene are importenat in its

duplication.

Structural variations associated with B chromosomes were reported which provoke a

hypothesis that supernumerary arise due to the series of these polymorphic events.
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