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ABSTRACT

Ducks (Anas platyrhynchos) were among the earliest domesticated fowls in the world. The Illumina-based genome
assembly of the duck, BGI1.0 reference (GCA 000355885.1), was produced by Huang et al (2013), but recently Li
etal (2021) produced a new duck genome assembly (ZJU1.0) with overall improvement compared to BGI1.0 duck
genome, the previous Sanger-based zebra finch, and is comparable to the latest version of chicken and VGP zebra
finch genomes. ZJUI1.0 duck genome has 62-fold improvement of scaffold continuity and assembled majorities of
micro chromosomes that were all unmapped in the BGI1.0 genome. In the present study, the new Duck genome
assembly (ZJU1.0)was downloaded from the NCBI and was used for identification of SSRs using MISA software. A
total number of 7,03,449 SSRs were identified in the Mono-, di-, tri-, tetra-, penta-, and hexanucleotide repeats.
Without taking into consideration of the mononucleotide repeats, our catalogue provides the first duck SSR reference
based on ZJU1.0 genome including 183,406SSR loci with motifs of 2-6 bp at ~163 SSRs/Mb density. Without
considering mononucleotide repeats, we observed that dinucleotide repeats were most abundant. The correlation
between repeat motifs and SSR frequency was negative in our study in accordance with trend observed by Fan et al.,
2018 except tetranucleotide repeats.
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INTRODUCTION repeated motifs of 1-6 bp that occur both in coding and

Ducks (Anas platyrhynchos) were among the carliest ~ non-coding regions(Gupta et al., 1996;Toth et al., 2000;
domesticated fowls in the world (CASS 1979). A  Katti et al., 2001) of both prokaryotic and eukaryotic
haploid genome size of duck was estimated to be 1.41 ~ genomes. SSRs, by virtue of their co-dominant and
Gb (Nakamura et al., 1990; Tiersch & Wchtel, 1966). A multiallelic nature, prove to be efficient in genetic
karyotype consists of 40 pairs of chromosomes out of diversity studies, pedigree evaluation, genetic mapping
which 9 pairs are of macrochromosomes (chrl—chrs, and marker-assisted selection(Edwards et al.,1991;
chrZ/chrW) and 31 pairs of micro chromosomes (chr9 — Edwards et al., 2000;Dorji et al .,2003;Ashwell et al.,
chr39) (Takagi & Makino, 1966). The Illumina-based 2004;Williams, 2005;Rishichkowsky & Pilling,2007;
genome assembly of the duck, BGI 1.0 reference Nguyen et al.,2007;Sun et al 2007;Mao et al., 2008;
(GCA_000355885.1), was produced by Huang et al., Zhang et al., 2007; Deng et al.,2016) . The Illumina-
2013. Fan et al., 2018referred to this genome assembly ~ based Duck genome assembly BGI 1.0 has 25.9% of the
to provide the first genome-wide duck SSR reference. assembled genome assigned to chromosomes,
Short sequence repeats (SSRs)(Tautz et al., 1986) or containing 3.17% of bases as gaps. Fan et. al. (2018)
microsatellites or short tandem repeats (STR) or simple ~ referred to this genome assembly to provide the first
sequence length polymorphisms (SSLPs) (McDonald & genome-wide duck STR reference including 198,022

Pott., 1997) are simple sequence stretches with tandemly ~ STR loci with motif size of 2—6 base pairs distributed
unevenly in the duck genome indicating a directional
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selection pressure.

But recently Li et al (2021) produced a new duck
genome assembly (ZJU1.0), (accession No.
JACGALOO0O0O0O0O0O0O0O and accession No.
JABVCDO000000000), with overall improvement
compared to BGI1.0 duck genome, the previous Sanger-
based zebra finch, and comparable to the latest version
of chicken (Warren et al.,2017)and VGP zebra finch
genomes (Rhieetal.,2021).

There is no report available on genome-wide duck SSR
based upon the new Duck genome assembly (ZJU1.0)
and therefore the objective of the study was to identify
SSRs in the new improved new Duck genome assembly
(ZJU1.0).

MATERIALS AND METHODS

Duck genome assembly (ZJU1.0), (accession No.
JACGALO00000000 and accession No.
JABVCD000000000) was downloaded from the NCBI
and was used for identification of SSRs using MISA
software (Beier et al., 2017). Then, the Perl script MISA
tool was used to screen the polymorphic microsatellites
with different thresholds level (1-10 2-6 3-5 4-5 5-5 6-5
i.e. Mononucleotide repeats with minimum 10 repeats,
dinucleotide repeats with minimum 6 repeats,
Trinucleotide repeats with minimum 5 repeats, Tetra
nucleotide repeats with minimum 5 repeats,
Pentanucleotide repeats with minimum 5 repeats, Hexa
nucleotide repeats with minimum 5 repeats). The
minimum distance between 2 compound SSRs was set at
100 bp in length.

RESULTS AND DISCUSSION

Duck genome, ZJU1.0, of size 1.189 Gb was
downloaded successfully. As shown in Table 1 SSR loci
were mapped on macrochromosomes (chrl—chr8,
chrZ/chrW) and micro chromosomes (chr9 — chr33). A
total of 703449number of SSR loci of Mono-, di-, tri-,
tetra-, penta-, and hexa nucleotide repeat motifs were
identified. Mono-nucleotide repeat motifs were highest
in number (520043) followed by di-, tri-, tetra-, penta-,
and hexanucleotide repeat motifs (Table 2). Compared
with total size of ZJU1.0 genome examined density of
624.45 SSRs/Mb whereas without taking of
mononucleotide repeats into account an average density
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0f'162.81 SSRs/Mb was observed (Table 2 & 3).

Two genome assemblies of duck, BGI1.0 (Huang et al.,
2013) and ZJU1.0 (Li et al., 2021), were produced
within the span of past 8 years. The first duck SSR
reference was produced by Fan and co-workers in the
year 2018 based on BGI1.0 genome. But ZJUIL.0
genome has improvements compared to BGI1.0.
ZJUI1.0 duck genome has 62-fold improvement of
scaffold continuity and assembled majorities of micro
chromosomes that were all unmapped in the BGI1.0
genome. There is 7.1% increase in size of ZJUI1.0 and
has a higher level of completeness measured by its
almost gapless sequence composition (0.37% vs 3.17%)
found to be enriched for repetitive elements and GC-rich
sequences. Overall, ZJI1.0 genome predicted 15,463
protein-coding genes, including 71 newly annotated
chicken W chromosome genes, identified 8,238 missing
exons in the BGI1.0 assembly in 2,099 genes, including
745 genes that were completely missing and corrected
683 partial genes and merged them into 356 genes in the
new assembly. Therefore, we produced improved SSR
reference for duck based on ZJU1.0 genome.

Without taking mononucleotide repeats into account,
our catalogue provides the first duck SSR reference
based on ZJU1.0 genome including 183,406 SSR loci
with motifs of 2-6 bp at ~163 SSRs/Mb density. The
number and density of SSR identified in our study was
lower not only than that earlier reported in duck
(198022) (Fan et al., 2018) but also than in human
(700000)Willems et al., 2014and porcine (600000)(Liu
et al., 2017). It is in accordance with confirmation, by
Fan et al., 2018, that SSR abundance is lower in avian
than in mammals (Primmer et al., 1997; Brandstrom &
Ellegren, 2008). Mononucleotide repeats outnumbered
other SSR categories in our catalogue, which agreed
with previous reports in Gallus gallus, Meleagris
gallopavo, Taeniopygiaguttata, Geospiza fortis,
Melopsittacus undulates, and Columba livia(Huang et
al., 2016). We observed that dinucleotide repeats were
most abundant. We observed the trend of negative
correlation between repeat motifs and SSR frequency in
accordance with trend observed by Fan et al., 2018
except tetranucleotide repeats.

Table 1: Chromosome wise SSR identification in the new improved genome assembly of Duck (ZJU1.0)

Chromosome Total size  Total number Number of Mono Di Tri Tetra Penta Hexa
no. of examined of identified SSRs nucleotide nucleotide nucleotide nucleotide nucleotide nucleotide
sequences SSRs presentin  SSRs SSRs SSRs SSRs SSRs SSRs
(bp) SSRs compound
formation
Chromosome 1 207238429 145630 27560 102422 16184 9200 10213 6329 1282
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Chromosome Total size  Total number Number of Mono Di Tri Tetra Penta Hexa
no. of examined of identified SSRs nucleotide nucleotide nucleotide nucleotide nucleotide nucleotide

sequences  SSRs presentin  SSRs SSRs SSRs SSRs SSRs SSRs

(bp) SSRs compound

formation

Chromosome 2 164862000 114871 21434 82140 12450 7112 7413 4864 892
Chromosome 3 120086012 81129 14887 58968 8608 4768 4933 3337 515
Chromosome 4 76269206 49592 7937 37809 5331 2621 2324 1269 238
Chromosome 5 66856311 38172 5958 29482 3893 2051 1625 974 147
Chromosome 6 37939480 21134 3158 16873 2132 1025 732 314 58
Chromosome 7 39896445 22880 3350 18081 2393 1123 815 399 69
Chromosome 8§ 32618258 18051 2684 14223 1821 912 672 319 104
Chromosome 9 26788864 14027 1991 11169 1308 755 518 229 48
Chromosome 10 22484652 11919 1714 9330 1173 674 479 220 43
Chromosome 11 22598276 11758 1719 9490 1024 629 386 196 33
Chromosome 12 21610006 12326 1847 9912 1114 628 383 224 65
Chromosome 13 23150841 12103 1741 9811 1145 640 311 164 32
Chromosome 14 20984523 10683 1813 8279 919 654 341 233 257
Chromosome 15 17872457 8707 1273 7075 784 437 237 140 34
Chromosome 16 16222536 7974 1127 6143 686 450 332 124 239
Chromosome 17 1402342 733 185 520 49 65 44 47 8
Chromosome 18 12065260 5353 768 4326 434 348 129 94 22
Chromosome 19 13129675 6273 975 5064 455 413 172 133 36
Chromosome 20 11966879 5215 730 4273 388 325 138 63 28
Chromosome 21 16960004 8584 1324 6917 717 472 249 192 37
Chromosome 22 8397549 4103 651 3404 302 251 84 44 18
Chromosome 23 5328910 2847 475 2372 183 168 61 51 12
Chromosome 24 7636233 3783 696 2979 265 342 86 93 18
Chromosome 25 7658487 3508 506 2875 283 228 63 42 17
Chromosome 26 3037671 2178 595 1739 91 193 41 39 75
Chromosome 27 6799408 3270 520 2650 210 294 55 45 16
Chromosome 28 7028699 3817 879 2954 286 273 131 146 27
Chromosome 29 6031659 3730 860 3182 187 228 52 63 18
Chromosome 31 214689 226 71 194 5 20 1 6 -
Chromosome 33 112901 252 73 224 3 19 2 1 3
Chromosome W 16693329 5173 659 3580 420 753 215 146 59
Chromosome Z. 84547829 63447 14272 41582 7180 4442 5449 4021 773
Mt 16604 1 0 1 - - - - -

bp — base pair
SSR -Short sequence repeats
mt- Mitochondria

Table 2: Comparison of the BGI1.0 and ZJU1.0 genomes

Duck Genome

BGI1.0% ZJU1.0
Size (Gb) 1.105 1.189
Total number of SSR loci identified 1,98,022 7,03,449
3 Repeat motifs di-, tri-, tetra-, penta-, and Mono-, di-, tri-, tetra-, penta-,
hexa nucleotide and hexa nucleotide
An average density (SSRs/Mb) 182.0 162.81%*
5  Correlation between SSR frequency Negative exception tetra-nucleotide Negative

and number of nucleotides

*SSR data regarding BGI1.0 from Fan et al (2018)
**Without taking of mononucleotide repeats into account
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Table 3: Comparison of the number of SSRs, its frequency and density in the BGI1.0 and ZJU1.0 genomes

Number of SSR Frequency of SSR Density of SSR (No./Mb)
Reference Genome BGI1.0 ZJU1.0 BGI1.0 ZJU1.0 BGIL.0 ZJU1.0*
Repeat motifs (nucleotide) Mono- - 520043 - 73.93 - 461.64
di- 54,347 72423 27.44 10.30 49.95 64.29
tri- 31,711 42513 16.01 6.04 29.15 37.74
tetra- 76,100 38686 38.43 5.50 69.95 34.34
penta- 25,750 24561 13.00 3.49 23.67 21.80
Hexa- 10,114 5223 5.11 0.74 9.30 4.64
Total 198,022 703,449 100.00 100.00 182.02 624.45
*Compared with total size examined
**SSR data regarding BGI1.0 from Fanet a/
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