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1 ABSTRACT
2 Austrdiaisremarkable for its lizard diversity, with very high endemicity because of
3 continental-scale diversification and adaptive radiation during prolonged isolation. We
4  employed stLFR linked-read technology to generate male and female draft genomes of the
5 jacky dragon Amphibolurus muricatus, an Australian dragon lizard (family Agamidae). The
6 assembliesare 1.8 Gb in size and have arepeat content (39%) and GC content (42%) similar
7 tothat of other dragon lizards. The longest scaffold was 39.7 Mb (female) and 9.6 Mb (male),
8  with corresponding scaffold N50 values of 6.8 Mb and 1.6 Mb. The BUSCO (Sauropsida
9 database) completeness percentages were 90.2% and 88.8% respectively. These statistics are
10 comparableto those for other lizard genomes. Phylogenetic comparisons show that
11 Australian dragon lizard species split from a common ancestor about 35.4 million years ago.
12 Thedraft A. muricatus assemblies will be a valuable resource for understanding lizard sex
13  determination and the evolution and conservation of Australian dragon lizards.
14
15 Keywords: agamid lizard; Agamidae; squamate; nuclear genome; genome assembly
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20 Introduction

21  The Australian jacky dragon Amphibolurus muricatus (Figure 1) isalizard that is

22  widespread in dry sclerophyll forests of south-eastern and eastern Australia (Cogger 2014). It
23 isamodel species for biogeography (Pepper et al. 2014), evolutionary biology (Warner et al.
24 2013; Warner and Shine 2008), social behaviour (Peters and Evans 2003; Woo and Rieucau
25  2013) and development (Whiteley et al. 2021; Esquerré et al. 2014).

26 Species in the genus Amphibolurus and Chlamydosaur us are a major clade in the

27  Austraian radiation of the Agamidae (Hugall et al. 2008). The draft assembly of A.

28 muricatus, together with that of Pogona vitticeps (Georges et al. 2015), represents the first
29 foray into generating the necessary high-quality genomes for the Agamidae. In particular,
30  A.muricatus occupies mesic habitats and so is intermediate between the Australian water

31 dragon Intellagama lesueurii and the forest dragon Lophosaurus boydii that occupy hydric
32 habitats, and the central bearded dragon Pogona vitticeps and the Lake Eyre dragon

33  Ctenophorus maculosus, for example, that occupy more xeric habitats. As such, it is one of
34  severa speciesimportant for understanding genomic adaptation to the progressive aridity that
35 hasoccurredin Austraiain the past 15 Myr. Amphibolurus muricatus is also of particular
36 interest because it has temperature-dependent sex determination (TSD) (Harlow and Taylor
37  2000) and it isunclear as to whether this arises from classical TSD or a combination of

38 genetic and environmental influences (Whiteley et al. 2021). Studies of the underlying

39 mechanisms of TSD require a genome assembly and knowledge of genome organisation to
40 identify genes on the sex chromosomes of species with genotypic sex determination (GSD)
41  andtheir chromosomal and gene homology in closely related TSD species. Thisis

42  particularly so in species with TSD that show evidence of cryptic residual or de novo

43  genotypic influence on offspring sex ratios, asis suspected for A. muricatus (Whiteley et al.
44  2021).

45 Here, we generated draft, annotated genome assemblies for a male and afemale A.
46  muricatusthat are comparable in contiguity and completeness to other published agamid

47  genomes. We used transcriptomes sequenced and assembled for A. muricatus and published
48  assemblies (Anolis, Varanus and Pogona) to annotate the genomes. Our assemblies will

49  provide aresource to increase capacity and accelerate the progress of studiesinto the

50 evolution, ecology, and conservation of Australian dragon lizards.

51

52
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54 Materials and methods
55

56  Sample collection

57  To reduce the high heterozygosity that presented difficulties in the assembly of the genome of
58  Pogona vitticeps (Georges et a., 2015), we generated inbred lines of A. muricatus. The

59 founding male and female pair were sourced from the wild and bred in captivity. The two

60 animals used to generate the genome were obtained from the fourth generation of the inbred
61 pedigree produced by sib-sib matings and back crossing (see Figure Sl for the complete

62 pedigree). The male (AA069033) and female (AA069032) individuals used for the genome
63  and transcriptome sequencing were humanely euthanised viaintraperitoneal injection of

64  sodium pentobarbitone (60 mg/ml inisotonic saline). Organs were rapidly dissected and snap
65 frozeninliquid nitrogen.

66

67 DNA extraction

68  High molecular weight DNA was extracted from liver (female) and blood (male). DNA vyield
69 and quality was assessed using a NanoDrop spectrophotometer (Thermo Fisher Scientific,

70  Watham, MA, USA) and a Qubit fluorometer (Thermo Fisher Scientific) and pulse-field gel
71  electrophoresis.

72

73  Assembly 1.0: A 10x Genomics linked-read sequencing assembly

74  Maeand female A. muricatus genome sequencing libraries were constructed on the

75  Chromium system (10x Genomics, Pleasanton, CA, USA) by the Ramaciotti Centre for

76  Genomics (Sydney, Australia). The Chromium instrument enables unique barcoding of long
77  sretches of DNA on gel beads. The barcodes allow later reconstruction of long DNA

78  fragments from a series of short DNA fragments with the same barcode (i.e., linked-reads).
79  After barcoding, DNA was sheared into smaller fragments and sequenced on the NovaSeq
80 6000 platform (Illumina, CA, USA) to generate 151 bp paired-end (PE) reads. A total of

81 904.9 M raw 10x Genomics Chromium linked-reads were generated. Raw 10x data were

82  assembled with Supernovav2.1.1 (Weisenfeld et a. 2017) and a FASTA file was generated
83  using the ‘ pseudohap style’ option in Supernova mkoutput. All female (~450 M) and male
84  (~550 M) read pairs were used (female sequencing depth ca 50.3%; male, ca 47.8x). The

85  resulting assemblies were further scaffolded with ARKS v1.0.3 (Coombe et a. 2018), reusing
86 the 10x reads and the companion LINKS program (v1.8.7) (Warren et al. 2015). ARKS

87  employs ak-mer approach to map linked barcodes to the contigs in the initial Supernova
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88 assembly to generate a scaffold graph with estimated distances for LINKS input. These
89  assemblies were denoted AmpMurF_1.0 (female) and AmpMurM_1.0 (male). We used
90 GapCloser v1.12 (part of SOAPdenovo?2) (Luo et al. 2012) to fill gaps in the assembly.
91  GapCloser was run using the parameter -I 150) and clean 10x Genomics reads PE reads.
92
93 Assembly 1.1: Further scaffolding of assembly 1.0 using RNA-seq data
94  We attempted to improve the v1.0 genome assemblies’ contiguity using RNA-sequencing
95  reads. RNA-seq reads (from brain, ovary, and testis; see below) were filtered (i.e., cleaned) to
96 remove adapters and low-quality reads using Flexbar v3.4.0 and used to further re-scaffold
97 thevl1.0 assemblies (FASTA files before gapclosing) with P_RNA _scaffolder (Zhu et al.
98  2018). The default Flexbar settings discards al reads with any uncalled bases. A final round
99 of scaffolding was performed on the resulting assemblies using L_RNA_scaffolder (Xue et
100  al. 2013). These assemblies were denoted AmpMurF_1.1 (female) and AmpMurM_1.1
101 (male). Asbefore, GapCloser and clean 10x Genomics reads were used to fill gaps.
102
103  Assembly 2.0: Further scaffolding of assembly 1.0 using SL R-super scaffolder
104  Asan dternative approach, we attempted to improve the v1.0 genome assemblies’ contiguity
105 using SLR-superscaffolder (Guo et al. 2021). Briefly, SLR-superscaffolder employs single
106  tubelong fragment read (stLFR) sequencing (Wang et al. 2019) reads (see section below) to
107  generate hybrid genome assemblies. The software was run with default parameters except for
108 PE_SEED_MIN=300 (minimum contig size to fill; default 1000). These assemblies were
109  denoted AmpMurF_2.0 (female) and AmpMurM _2.0 (male). GapCloser and clean stLFR
110 reads (with the barcode removed using https://github.com/BGI-
111  Qingdao/stLFR_barcode split) were used to fill gaps.
112
113  Assembly 3.0: An stLFR linked-read sequencing assembly
114  We also generated independent assemblies for the individuals sequenced on the 10x
115  Genomics Chromium system using single tube long fragment read (stLFR) sequencing
116 (Wang et a., 2019). BGI (Brisbane, Australia) generated ~100x coverage 100-bp paired-end
117  reads (plus a42-bp stLFR barcode on the right/ 2 read) per individual. Low-quality reads,
118 PCR duplicates, and adaptors were removed using SOAPnuke v1.5 (Chen et al. 2018). Al
119 female(~1,517 M) and male (~1,427 M) read pairs were utilised. The stLFRdenovo pipeline
120  (https://github.com/BGl-biotool s/stL FRdenovo), which is based on Supernovav2.11 and
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121  customised for stLFR data, was used to generate a de novo genome assembly. The

122  stLFRdenovo tool ‘FillGaps' was used to fill gaps.

123

124  RNA-seq and transcriptome assembly

125 Raw data 125 bp PE reads, generated on an Illumina HiSeq 2500 instrument was filtered

126  using Flexbar v3.4.0 (Roehr et al. 2017; Dodt et a. 2012) with default settings (eliminates
127  reads with any uncalled bases). Any residual ribosomal RNA reads (the majority removed by
128  poly(A) selection prior to sequencing library generation) were removed using SortMeRNA
129 v2.1b (Kopylovaet al. 2012) against the SILVA v119 ribosomal database (Quast et al. 2013).
130  Tissue transcriptomes were de novo assembled using Trinity v2.11.0 (Haas et al. 2013;

131  Grabherr et a. 2011; Henschel et al. 2012) and assessed using BUSCO.

132

133  Genome annotation

134  Weidentified repetitive elements by integrating homology and de novo prediction data.

135 Protein-coding genes were annotated using homol ogy-based prediction, de novo prediction,
136 and RNA-seg-assisted prediction methods.

137 Homol ogy-based transposable elements (TE) annotations were obtained by

138 interrogating a genome assembly with known repeats in the Repbase database v16.02 (Bao et
139  al. 2015) using RepeatMasker v4.0.5 (DNA-level) (Tarailo-Graovac and Chen 2009) and
140 RepeatProteinMask (protein-level; implemented in RepeatM asker). De novo TE predictions
141  were obtained using RepeatM odeler v1.1.0.4 (Smit and Hubley 2010) and LTRharvest v1.5.8
142  (Ellinghaus et al. 2008) to generate database for a RepeatM asker run. Tandem Repeat Finder
143  (v4.07) (Benson 1999) was used to find tandem repeats (TRs) in the genome. A non-

144  redundant repeat annotation set was obtained by combining the above data.

145 Protein-coding genes were annotated using homol ogy-based prediction, de novo

146  prediction, and RNA-seg-assisted [generated from ovary, testis, and brain (both sexes)]

147  prediction methods. Sequences of homologous proteins from three lizards [Anolis

148  carolinensis (green anole) assembly AnoCar2.0 (RefSeq assembly GCF_000090745.1)

149  (Alfoldi et al. 2011); Varanus komodoensis (Komodo dragon) assembly ASM479886v1

150 (GCA_004798865.1) (Lind et al. 2019); and Pogona vitticeps (central bearded dragon)

151 assembly pvil.1l (GCF_900067755.1)] (Georges et al. 2015) were downloaded from NCBI.
152  These protein sequences were aligned to the repeat-masked genome using BLAT v0.36 (Kent
153 2002). GeneWisev2.4.1 (Birney et al. 2004) was employed to generate gene structures based

154  onthe aignments of proteinsto a genome assembly. De novo gene prediction was performed
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155 using AUGUSTUS v3.2.3 (Stanke et al. 2006), GENSCAN v1.0 (Burge and Karlin 1997),
156 and GlimmerHMM v3.0.1 (Majoros et a. 2004) with a human training set. Transcriptome
157  data (clean reads) were mapped to the assembled genome using HISAT2 v2.1.0 (Kim et al.
158  2019) and SAMtoolsv1.9 (Li et a. 2009), and coding regions were predicted using

159  TransDecoder v5.5.0 (Grabherr et al. 2011; Haas et a. 2013). A final non-redundant

160 reference gene set was generated by merging the three annotated gene sets using

161 EvidenceModeler v1.1.1 (EVM) (Haas et al. 2008) and excluding EVM gene models with
162 only abinitio support. The gene models were translated into amino acid sequences and used
163 inloca BLASTp (Camacho et al. 2009) searches against the public databases Kyoto

164  Encyclopediaof Genes and Genomes (KEGG; v89.1) (Kanehisa and Goto 2000), NCBI non-
165 redundant protein sequences (NR; v20170924) (O'Leary et a. 2016), Swiss-Prot (release-
166 2018 07) (UniProt Consortium 2012), and InterPro (v69.0) (Mitchell et al. 2019).

167

168 Phylogeny and divergence time estimation

169 Inadditionto A. carolinensis, V. komodoensis and P. vitticeps (see section above), the

170  genome and sequences of homologous proteins from Gekko japonicus (Schlegel’s Japanese
171  gecko) assembly Gekko japonicus V1.1 (GCA_001447785.1) (Liu et al. 2015) and Crotalus
172 tigris (tiger rattlesnake) assembly ASM 1654583v1 (GCA_016545835.1) (Margres et al.

173  2021) were downloaded from NCBI. The genome and annotations of Ophisaurus gracilis
174  (Anguidae lizard) were downloaded from GigaDB (Song et al. 2015a; Song et al. 2015b). No
175 geneannotation data were available for three species. Intellagama lesueurii (Australian water
176  dragon; assembly EWD _hifiasm_ HiC generated as part of the AusARG consortium and

177  (downloaded from DNA Zoo (Dudchenko et al. 2018; Cheng et al. 2021; Dudchenko et al.
178  2017)) and the Chinese agamid lizards Phrynocephalus przewalskii (Przewalski’ s toadhead
179 agama) (Gao et al. 2019) and Phrynocephalus viangalii (Ching Hai toadhead agama) (Gao et
180 a. 2019) (CNGBdb accession no. CNP0000203). Their protein-coding genes were annotated
181  using homology-based prediction, de novo prediction, and RNA-seg-assisted prediction

182  methods (see genome annotation section above).

183 We identified 4,441 high-confidence 1:1 orthologs by interrogating the predicted

184  proteins from the gene models of ten species using SonicParanoid v1.3.0 (Cosentino and

185 Iwasaki 2019). The corresponding coding sequences (CDS) for each species were aligned
186 using PRANK v100802 (Loytynoja and Goldman 2005) and filtered by Gblocks v0.91b

187 (Talaveraand Castresana 2007) to identify conserved blocks (removing gaps, ambiguous

188  gites, and excluding alignments less than 300 bp in size), leaving 4,441 genes. Maximum-
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189 likelihood (ML) phylogenetic trees were generated using RaxML v7.2.8 (Stamatakis 2006)
190 and 1Q-Treev2.1.3 (Minh et al. 2020) with three CDS data sets: the whole coding sequence
191 (whole-CDS), first codon positions, and fourfold degenerate (4d) sites. Identical topologies
192  and similar support values were obtained (1,000 bootstrap iterations were performed). The
193  divergence time between species was estimated using MCM CTree [a Bayesian molecular
194  clock model implemented in PAML v4.7 (Y ang 2007)] with the JC69 nucleotide substitution
195 model, and the whole-CDS ML tree and concatenated whole-CDS supergenes as inputs. We
196  used 100,000 iterations after a burn-in of 10,000 iterations. MCM CTree calibration points
197  (million years ago; Mya) were obtained from (Oliver and Hugall 2017) (crown age of

198 Australian agamids 27.1 Mya, with 95% CI 20.1-37.7) and TimeTree (Kumar et a. 2017): G.
199  japonicus-P. przewalskii (190-206 Mya), V. komodoensis-O. gracilis (121-143 Mya), V.

200 komodoensis-C. tigris (156-174 Mya), V. komodoensis-A. carolinensis (155-175 Mya), .
201  lesueurii-A. carolinensis (139-166 Mya), |. lesueurii-P. przewalskii (73-93 Mya), |. lesueurii-
202 A muricatus (25.5-42.4 Mya), P. vitticeps-A. muricatus (20.2-34.6 Mya).
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203 Resultsand discussion

204

205 Draft genome assembly and comparisonswith other squamates

206  The genome-wide heterozygosity of our inbred A. muricatus lines was estimated (from stLFR
207  data) to range from 0.66% (female) to 0.73% (male), slightly lower than the central bearded
208  dragon (Pogona vitticeps) (0.85%) (Georges et al. 2015). We generated four genome

209  assemblies per sample. The v1.0 assemblies were generated using 10x Genomics Chromium
210 dataand the Supernova assembler and further refined using ARKS and LINKS. Thev1.1
211  assemblies employed P_RNA _scaffolder (uses RNA-seq reads from brain, ovary, and testis)
212 (TableSl) and L_RNA_scaffolder (uses Trinity transcriptome assemblies) (T ables S2 and
213  S3) toimprove the v1.0 assemblies, while the v2.0 assemblies used SL R-superscaffolder and
214  stLFR readsto improve the v1.0 assemblies. Finally, the 3.0 assemblies were generated using
215 stLFR reads aone and Supernova. While re-scaffolding of the assemblies generated using
216  10x Genomics Chromium segquencing improved the initial v1.0 assembly (in particular, SLR-
217  superscaffolder), assembly using stLFR data alone gave the best assembly result (Table 1).
218 Thefinal, v3.0 assemblies have atotal scaffold length (i.e., containing gaps) of ~1.8 Gb. The
219  longest scaffold was 39.7 Mb (female; AmpMurF_3.0) and 9.6 Mb (male; AmpMurM_3.0),
220  and the corresponding scaffold N50 values of 6.9 and 1.6 Mb. The contig N50s were 67.2 kb
221  (AmpMurF_3.0) and 59.3 kb (AmpMurM_3.0). The N50 values are similar to those of other
222  sguamate genome assemblies (Figur e 2), except for the chromosome-assigned assemblies of
223  Australian water dragon (Intellagama lesueurii; scaffold N50 268.9 Mb and contig N50 11.2
224  Mb), tiger rattlesnake (Crotalustigris; scaffold and contig N50 2.1 Mb) (Margres et al.

225  2021), green anole (Anolis carolinensis; scaffold N50 150.1 Mb and contig N50 79.9 kb), and
226  Komodo dragon (Varanus komodoensis; scaffold N50 23.8 Mb and contig N50 189.3 kb)
227  (Lind et a. 2019).

228 The BUSCO metrics of the A. muricatus assemblies also compare well to other

229  sguamate assemblies, including agamids from Australia [P. vitticeps (Georges et al. 2015)
230 and|. lesueurii (Australian water dragon)] and China (toad-headed agamas of genus

231  Phrynocephalus sp. (Gao et al. 2019)) (Figure 3) and Table S5).

232

233  Genome annotation

234  The A. muricatus assemblies are composed of ~38% repeat elements and have a GC content
235 of ~42% (Tables $4 and S6), similar to that of P. vitticeps (Georges et al. 2015) — with

236  LINEs being the predominant subtype. Protein-coding genes were annotated by combining
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237 transcriptome evidence with homology-based (A. carolinensis, V. komodoensis, and P.

238  vitticeps) and de novo gene prediction methods. Gene statistics (Table S8) (see (Georges et
239  al. 2015)) and gene set BUSCO scores (T able S9) are comparable to other squamates. Using
240  abinito, transcriptome, and homology-based prediction methods, we functionally annotated
241 21,655 (95.12%) and 21,799 (94.70%) protein-coding genes in the female and male assembly
242  (Tables S10 and S11) and recovered 89.2% and 88.2% of 7,480 sauropsid (i.e., non-avian
243  reptiles and birds) benchmarking universal single-copy orthologs (BUSCOs), respectively.

244
245  Phylogenetic relationships

246  To construct atime-calibrated species tree (Figure 4), we identified 4,441 high-confidence
247  single-copy orthologs from the female A. muricatus assembly and nine other squamate

248  species. There are currently five agamid lizard genome assemblies: three Australian dragon
249  lizard assemblies (A. muricatus, P. vitticeps, and |. lesueurii) and two toad-headed agama
250  assemblies (genus Phrynocephalus) (Gao et a. 2019; Georges et al. 2015). Our analysis
251  showsthat the five agamid species shared an ancestor about 78.0 Mya [72.6-88.4 Mya 95%
252  credibility interval (Cl)]. We estimate that the three Australian dragon lizard species split
253  from acommon ancestor about 35.4 Mya (95% CI 31.5-38.4), while the lineages leading to
254 A muricatus and P. vitticeps diverged 26.7 Mya (95% CI 20.6-31.0). These observations
255  agree with previous dating from asmall set of genes and fossil data (Hugall et al. 2008;
256  Oliver and Hugall 2017).

257
258 Conclusionsand perspectives

259 Inthisstudy, we generated the first annotated genome assemblies of Amphibolurus
260 muricatus. Overall, the assemblies are similar in quality to a range of squamate genomes and
261  will beimmediately useful for the understanding of agamid lizard evolution, ecology, and

262  conservation.

10


https://doi.org/10.1101/2021.10.11.463868
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.10.11.463868; this version posted October 3, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

263 Data availability

264  A. muricatus raw 10x Genomics genome and transcriptome sequencing reads have been
265  deposited to the NCBI Short Read Database (BioProject ID: PRINA767251). Raw stLFR
266  genome sequencing reads have been deposited at the China National GeneBank Nucleotide
267  Sequence Archive (CNSA: https://db.cngb.org/cnsa) under accession number CNPO004768.
268 Themale and female A. muricatus assemblies are available at Zenodo (Tian et al. 20233).
269  Gene annotation files and associated FASTA files for A. muricatus (assembly AmpMurF_3.0
270 and AmpMurM_3.0), I. lesueurii, P. przewalskii, and P. vlangalii are available at Zenodo
271 (Tian et al. 2023b). A. muricatus transcriptome assemblies are available at Zenodo (Tian et al.
272  2021). Various scripts used for data processing and analyses are available on GitHub at

273  https://github.com/sciseim/JackyDragon.
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476  Figurelegends

477 AR s s e A e S R
478 Figure 1 Photograph of an adult male jacky dragon (Amphi boI urus murlcatus) Image credit:

479  David Cook Wildlife Photography.
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Figure 2 Comparison of the contiguity of two A. muricatus assemblies and nine publicly

available sqguamate assemblies. N(x)% graphs show the (A) contig and (B) scaffold lengths

(y-axis), where x% (x-axis) of the genome assembly consist of scaffolds and contigs of at
least that size. Dashed, grey lines denote N50 and N90 values. AmpMurF_3.0 and

AmpMurM _3.0. denotes the female and male A. muricatus assembly, respectively
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491  Figure 3 BUSCO assessment of assemblies from ten squamate species. All genome

492  assemblies were examined using the same version and library of BUSCO (v5.0.0 with the
493  7,480-gene sauropsida_odbl0 dataset). AmpMurF_3.0 and AmpMurM _3.0. denotes the
494  female and male A. muricatus assembly, respectively.
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509

510
511
512

513

Tables

Table 1 A. muricatus genome assembly statistics. Lengthsin base pairs (bp).

Note: assembly 1.0 denotes 10x Genomics Supernova; assembly 1.1, 10x Genomics Supernova + RNA read + Trinity scaffolding; assembly 2.0,
10x Genomics Supernova (assembly 1.0) + SLR-superscaffolder (with StLFR reads); assembly 3.0, stLFR Supernova. Unmasked assemblies

were interrogated.

Assembly methods Female Female Female Female Male Male Male Male

(AmpMurF_1.0) (AmpMurF_1.1) (AmpMurF_2.0) (AmpMurF_3.0) (AmpMurM_1.0) (AmpMurM_1.1) (AmpMurM_2.0) (AmpMurM_3.0)
Contig number 154,897 124,200 154,961 145,095 180,498 151,787 180,576 95,472
Contig length 1,746,759,340 1,750,545,991 1,747,055,957 1,804,035,661 1,735,812,295 1,741,048,453 1,736,173,368 1,752,355,218
Contig N50 (bp) 25,056 37,220 25,053 67,166 21,019 28,761 21,019 59,294
Contig max length 209,568 348,284 209,568 645,479 196,238 288,200 196,238 773372
Scaffold number 66,776 57,227 55,562 97,556 89,344 73,856 74,726 45,762
Scaffold length 1,840,499,790 1,841,491,868 1,871,715,150 1,868,109,324 1,831,120,515 1,833,283,242 1,854,210,455 1,804,786,947
Scaffold N50 (bp) 371,335 720,518 1,003,329 6,818,063 180,405 369,860 323,786 1,568,728
Scaffold max length 4,131,007 6,534,950 6,926,244 39,679,044 1,944,226 6,446,322 3,040,810 9,582,854
Gaps (bp) 93,740,450 90,945,877 124,659,193 64,073,663 95,308,220 92,234,789 118,037,087 52,431,729
Gaps (%) 5.09 4.94 6.66 343 5.20 5.03 6.37 291
GC content (%) 41.76 41.77 41.76 41.75 41.69 41.70 41.70 41.67
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