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Abstract

Coleoptera is the most species-rich insect order, yet is currently underrepresented in genomic databases. An assembly was generated
forca. 1.7 Gb genome of the leaf beetle Gonioctena quinquepunctata by first assembling long-sequence reads (Oxford Nanopore; +
27-fold coverage) and subsequently polishing the resulting assembly with short sequence reads (lllumina; + 85-fold coverage). The
unusually large size (most Coleoptera species are associated with a reported size below 1 Gb) was at least partially attributed to the
presence of a large fraction of repeated elements (73.8%). The final assembly was characterized by an N50 length of 432 kb and a
BUSCO score of 95.5%. The heterozygosity rate was + 0.6%. Automated genome annotation informed by RNA-Seq resulted in
40,568 predicted proteins, which is much larger than the typical range 17,000-23,000 predicted for other Coleoptera. However, no
evidence of a genome duplication was detected. This new reference genome will contribute to our understanding of genetic
variation in the Coleoptera. Among others, it will also allow exploring reproductive barriers between species, investigating intro-
gression in the nuclear genome, and identifying genes involved in resistance to extreme climate conditions.
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Significance

Coleoptera, the most species-rich insect order, is currently underrepresented in genomic databases. We generated a
de novo genome assembly and genome annotation for a new Coleoptera species, the cold-resistant leaf beetle
Gonioctena quinquepunctata (Fabricius, 1787). The assembly produced was characterized by a size of 1.7 Gb and
the genome was predicted to encode more than 40,000 proteins. These numbers are unusually high for insects, even
for chrysomelids (that seem to harbor particularly large genomes), and are at least partially explained by the presence
of a large fraction of highly repetitive DNA. This new reference genome will allow important advances in our under-
standing of evolution and speciation in chrysomelid beetles.

Introduction specialized herbivory on a large diversity of angiosperm species
With more than 340,000 descrived species, the order (Farrell 1998); horizontal transfers of plant cell wall-degrading

Coleoptera has by far the highest number of species of all insect enzymes frlom bacteria and fungi (Mchnna e.t a.l' 2019); and
orders (Hespenheide 2001; Mayhew 2002). This exceptional an exceptlona!ly low rate of ext|nct|onl W'thm ,the cIapIe
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an adaptive radiation associated with multiple shifts to ricnness, i@ number of LeEtie Species Tor which a genome

assembly is currently available remains markedly lower than
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for other insect orders such as Hymenoptera or Diptera
(Thomas et al. 2020). Here, we present the first genome as-
sembly of G. quinquepunctata, a member of Chrysomelidae
(which is one of the largest beetle families and encompasses +
35,000 described species; Hespenheide 2001).

A cold-tolerant insect with a widespread but fragmented
distribution across Europe, G. quinquepunctata can be used
as a model to study the impact of climate variation that oc-
curred at the end of the Pleistocene. Although it is well dif-
ferentiated from its sister species Gonioctena intermedia, both
species display parapatric distributions, sharing a portion of
their range mainly inside the Alps. It was shown that both
species occasionally hybridize where they meet and that as a
consequence, introgression of the mitochondrial genome has
occurred multiple times from G. quinquepunctata to G. inter-
media (Quinzin and Mardulyn 2014).

Our new assembly, the 15th among beetles and the 5th
among chrysomelids, provides an important resource for
studying the evolution of the range of this cold-tolerant spe-
cies in response to past climate changes, and for studying its
mechanism of speciation at the genome level. This paves the
way for comparing genomic variation within and between
Gonioctena species, allowing to identify regions of strong dif-
ferentiation that have potentially played a role in the emer-
gence of reproductive barriers between the two species and
to characterize the amount of introgression between them.

Results and Discussion

Genome Characteristics Estimation

Prior to assembling the genome of G. quinquepunctata, we
used k-mer-based approaches to estimate its size. We found it
to be ~1.7 Gb (GenomeScope: 1.56, kmercountexact: 1.9),
which is larger than that of most Coleoptera species, reported
to be below 1Gb (Petitpierre et al. 1993; Hanrahan and
Johnston 2011). The heterozygosity rate was estimated at
ca. 0.6% using both GenomeScope and kmercountexact.

Genome Assembly and Gene Prediction

Based on the genome size estimate above, the 46 Gb of
Nanopore reads and 145Gb of lllumina paired-end reads
we generated from a single individual correspond to, respec-
tively, a 27-fold and an 87-fold coverage of the genome. The
percentage of 1,658 single-copy orthologs from the Insecta
data set was 53.4% in the raw contigs then 60.7% after the
first polishing step and 96% after the second one. The as-
sembly consisted of 24.7 million contigs, with a total length of
1.9 Gb and an N50 length of 359 kb. Running Purge Haplotigs
decreased the number of contigs to 10 million and the length
of the assembly to 1.7 Gb, whereas its N50 reached 432 kb.
Purge Haplotigs also decreased the number of k-mers repre-
sented twice in the assembly (supplementary fig. 1,
Supplementary Material online), while slightly decreasing

Table 1

Summary of Assembly Statistics

Assembly Size (Mb) 1,732
Number of contigs 10,033
Number of contigs >50 k 5,755
Longest contig (Mb) 3.03
Contig N50 4,32,124
N (%) 0
GC (%) 34.61

BUSCO Complete (%) 95.5
Complete duplicated (%) 2
Fragmented (%) 2.2
Missing (%) 2.3

Repetitive elements Total (%) 66.09
SINEs (%) 0
LINEs (%) 13.76
LTR (%) 49
DNA transposons (%) 11.98
Unclassified (%) 42.22

Annotation Predicted genes 38,493
Predicted proteins 40,568
Functionally annotated 19,357
Mean gene length 15,141
Mean exon length 267
Mean intron length 6,479
Exons per gene 3.53
Introns per gene 2.53

the k-mer completeness from 96.25% to 95.69%. The final
assembly contained 95.5% complete, 2.2% fragmented, and
2.3% missing orthologs (table 1).

A total of 73.8% of the assembly was identified as com-
posed of repeated regions, which is higher than the 64%
identified for Callosobruchus maculatus (Sayadi et al. 2019)
and the 58% for Ophraella communa (Bouchemousse et al.
2020). A high proportion of the repetitive elements identified
in the genomes of the latter two species (54% for C. maculatus
and 68% for O. communa) could not be classified, which the
authors of these studies interpreted as possibly reflecting long
evolutionary distances to previously known repeats. This value
was lower (42%) for G. quinquepunctata, but still represents a
large amount (table 1).

The annotation pipeline identified 39,463 coding genes
and 41,598 proteins. After all proteins with missing start or
stop codons were removed, these values decreased slightly to
38,493 and 40,568. We were able to annotate 19,357
(47.7%) of these proteins by reference to the Swiss-Prot
and InterPro databases. Among the 31,981 (78.8%) proteins
that had strong matches against the NCBI NR database,
26,176 (82%) of them were mapped to beetle proteins
(with 13,179 [41%] matches to Leptinotarsa decemlineata,
3,458 [11%] to Anoplophora glabripennis and 2,618 [8%]
to Diabrotica virgifera virgifera). Bacteria and virus proteins
matched, respectively, 144 and 41 proteins predicted for G.

2 Genome Biol. Evol. 13(7):

doi:10.1093/gbe/evab134  Advance Access publication 11 June 2021



Genome Assembly of the Cold-Tolerant Leaf Beetle Gonioctena quinquepunctata

GBE

quinquepunctata (for a total of 0.6%), suggesting a very low-
level bacterial contamination.

The number of predicted proteins (40,568) is much larger
than the range 17,000-23,000 predicted for other Coleoptera
(Cunningham et al. 2015; Vega et al. 2015; Meyer et al. 2016;
Evans et al. 2018; Schoville et al. 2018; Sayadi et al. 2019;
Herndon et al. 2020), with the exception of the recently pub-
lished genome of O. communa (Bouchemousse et al. 2020)
that was associated with an even higher number of predicted
proteins (75,642). The authors of this study considered this un-
usually high number of predicted proteins as a probable over-
estimation resulting from the high number of transposable
elements found in this genome, many of which were not cur-
rently included in the database. Many of these predicted pro-
teins may have therefore been undetected transposons.
Because the proportion of repetitive elements is even higher
in the genome of G. quinquepunctata, a similar hypothesis
can be proposed. We investigated the alternate possibility
that the genome of G. quinquepunctata was actually polyploid,
but MCScanX detected only 22 collinear genes, which did not
provide any evidence in support of this hypothesis.

Phylogenetic Analysis

Orthofinder sorted 36,936 (91%) of the 40,568 proteins pre-
dicted for G. quinquepunctata into 12,978 orthogroups. This
was the highest number of orthogroups identified of all spe-
cies included in the analysis and represents 49.5% of the total
number of orthogroups. In total, 1,471 (11.3%) of the
orthogroups identified in the genome of G. quinquepunctata
were species-specific and included 9,095 genes. Among all
predicted genes, 7,367 (18.1%) were identified as single copy
(i.e. present only once in their orthogroup). The phylogeny
estimated (fig. 1) from the 52 single-copy genes found in
every one of the 15 compared species is fully compatible
with that of more comprehensive phylogenetic studies of
the Coleoptera (e.g., McKenna et al. 2019).

Materials and Methods

Insect sampling, DNA and RNA Extraction, Sequencing

Sampling of G. quinquepunctata was conducted in the Vosges
mountains (France), where its sister species G. intermedia is
absent (P.M.’s unpublished observations), to avoid collecting
hybrid individuals. DNA extraction was performed on a single
pupa collected on 14 May 2018 in the vicinity of the “Col
d'Urbeis” (48.330N, 7.174 E), using the Qiagen kit Genomic-
tip 20/G following manufacturer’s protocol.

About 1.5ug of genomic DNA was sent to Genewiz
(www.genewiz.com) for library preparation and DNA se-
guencing on an lllumina HiSeq 2500 platform, which resulted
in 145.1 Gb of data (approximately 290 million pairs of PE
reads 2 x 250b). An additional 1.3ug was used for

Nanopore library preparation and sequencing. Five libraries
were prepared using the SQK-LSK109 Nanopore Kkit.
Sequencing was performed on a MiInlON sequencer with
five flow cells version 9.4, generating 46.3 Gb of data (4.4
million reads with lengths ranging from 31 to 144,886 bp).

RNA was extracted from four individuals at different devel-
opmental stages (all collected on 19 June 2018), using the
Qiagen RNeasy Mini kit following the manufacturer’s proto-
col: one adult male and one fourth-instar larva collected in the
vicinity of “Grand Ballon” (47.90N, 7.103 E), one pupa col-
lected in the vicinity of “Le Breitfirst” (47.95N, 7.023 E), as
well as one adult collected in the vicinity of “Col d'Urbeis”
(same coordinates as before). The RNA extracts were sent to
Eurofins Genomics (www.eurofinsgenomics.eu) for library
preparation and RNA sequencing on an lllumina HiSeq 2500
platform, which resulted in 51.2 Gb of data (a total of 177
million pairs of PE reads [2 x 150 pb]).

Genome Assembly

Genome size and heterozygosity were estimated using
GenomeScope (online version) v.2.0 (Vurture et al. 2017,
Ranallo-Benavidez et al. 2020) and the kmercountexact tool
of BBTools v.37.55 (https://sourceforge.net/projects/obmap/)
with a k-mer size of 31 for both programs. GenomeScope
was run on a k-mer spectrum computed using Jellyfish
v.2.3.0 (Marcais and Kingsford 2011) with the option -C to
count canonical k-mers.

The genome of G. quinquepunctata was assembled using
wtdbg2 v.2.5 (Ruan and Li 2020), a long-read assembler that
does not require much resources (Guiglielmoni et al. 2021),
with the following parameters: -x ont -g 1.5g -t 16. A con-
sensus was obtained using wtpoa-cns then polished using the
same tool after aligning the Nanopore sequences on the con-
tigs using minimap2 v.2.17 (Li 2018) and processing the out-
put using SAMtools v.1.9 (Li et al. 2009; Li 2011). It was then
polished once by running wtpoa-cns on the lllumina paired-
end sequences aligned on the contigs using bwa v.0.7.17-
r1188 (Li and Durbin 2009), following wtdbg2's
README.md file. Prior to the polishing step, the adapter
sequences were trimmed from the lllumina reads using
BBDuk of BBTools v.35.80 with the options minlen =100
ktrim=r k=25 mink =11 hdist=1 tpe tbo —ordered.

Duplicated regions were removed from the resulting as-
sembly using Purge Haplotigs (Roach et al. 2018). The ab-
sence of cloning vector and synthetic sequences (adapters,
linkers, and primers) in the curated contigs was checked by
comparing them to the UniVec database (https:/Avww.ncbi.
nlm.nih.gov/tools/vecscreen/univec/) using BLAST as specified
on the VecScreen page (https:/ftp.ncbi.nlm.nih.gov/pub/
UniVed) and manually corrected. The resulting assembly
was evaluated using QUAST v.5.0.2 (Gurevich et al. 2013)
and BUSCO v.3.1.0 (Simao et al. 2015) using the database
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Fic. 1.— Comparison of the genome characteristics of G. quinquepunctata with those of four other species of chrysomelid beetles (in bold), of nine

other beetle species and one outgroup (Bombyx mori). A maximum-likelihood phylogenetic tree was estimated for these species from an amino-acid
alignment of the 52 single-copy proteins found in all 15 genomes. 1a: Assembly lengths, in Mb. 1b: Total number of predicted proteins (in green), number of
predicted single-copy proteins (in yellow) and number of predicted species-specific proteins (in red). 1c: ML tree; bootstrap support values indicated along
interior branches.

insecta_odb9 comprising 1,658 core genes. K-mer spectra
plots and k-mer completeness were generated using KAT
v.2.4.2 (Mapleson et al. 2017) on the lllumina sequences
with default parameters.

Genome Annotation and Phylogenetic Analysis

Prior to annotating the genome, a species-specific repeat li-
brary was built using RepeatModeler v.2.0.1 (Flynn et al.
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2020) with the option -LTRStruct. This library, in combination
with the Repbase library (RepeatMasker edition 20181026,
Bao et al. 2015) was used to search and mask repeats in
the genome using RepeatMasker v.4.1.1 (Smit et al. 2013-
2015). RepeatMasker was run with the following options: -e
ncbi -xsmall -poly -html -gff -source -frag 6000000.

The masked G. quinquepunctata reference assembly was
then annotated with BRAKER2 v.2.1.5 (Stanke et al. 2008;
Hoff et al. 2016, 2019; Briina et al. 2021) using the RNA-Seq
library as evidence. RNA-Seq data were filtered following the
protocol described in Freedman and Weeks (2020) and
mapped to the G. quinquepunctata reference assembly using
HISAT2 v.2.1.0 (Kim et al. 2015, 2019). The resulting SAM file
was sorted using SAMtools v.1.9. BRAKER2 was run with the
—bam, —softmasking, and —gff3 parameters, using DIAMOND
v.2.0.7.145 (Buchfink et al. 2015), SAMtools v.1.9 and
Augustus v.3.3.3 (Stanke et al. 2006).

The genes predicted were annotated by comparing
them to the Swiss-Prot and NR databases (downloaded in
March 2021) using BLASTP v.2.9.0+ (Altschul et al. 1990;
Camacho et al. 2009) and selecting the best hits with e-
values below 107>. A second annotation was performed
using InterProScan v.5.50-84.0 (Jones et al. 2014) with de-
fault parameters. The InterProScan results were then fil-
tered to remove all matches with e-value greater than
107> and the match with the lowest e-value was kept for
each gene.

A phylogenetic analysis to search for orthologous genes
was conducted using OrthoFinder v.2.5.2 (Emms and Kelly
2015, 2019), comparing the predicted genes found in G.
quinquepunctata to those of four other species of chrysomelid
beetles: C. maculatus (Sayadi et al. 2019), Diabrotica virgifera
virgifera (NCBI, BioProject: PRINA432972), L. decemlineata
(Cunningham et al. 2015, and O. communa
(Bouchemousse et al. 2020); of nine other beetle species:
Aethina tumida (Evans et al. 2018), Agrilus planipennis
(NCBI, BioProject: PRINA230921), A. glabripennis (McKenna
et al. 2016), Dendroctonus ponderosae (Keeling et al. 2013),
Hypothenemus hampei (Vega et al. 2015), Nicrophorus ves-
pilloides (Cunningham et al. 2015), Onthophagus taurus
(NCBI, BioProject: PRINA167478), Oryctes borbonicus
(Meyer et al. 2016), and Tribolium castaneum (Herndon et
al. 2020); and of Bombyx mori (Kawamoto et al. 2019) as
an outgroup (fig. 1 and supplementary table 1,
Supplementary Material online). Once genes were sorted in
orthogroups and single-copy genes were identified, we in-
ferred a species tree from all 52 single-copy genes that
were present in every 15 species. Alignments of protein
sequences were conducted using MUSCLE v.3.8.31 (Edgar
2004) then concatenated into a single data set using
FASconCAT-G v.1.04 (Kuck and Meusemann 2010). The
best-fit partitioning scheme and the best model for each par-
tition were selected using ModelFinder (Kalyaanamoorthy et
al. 2017) with options -m TESTMERGEONLY -mset mrbayes -

rcluster 10, then a maximum-likelihood tree search was per-
formed using IQ-TREE v.2.0.6 (Nguyen et al. 2015) with ultra-
fast bootstrapping (Hoang et al. 2018) and with Shimodaira—
Hasegawa approximate likelihood ratio tests.

The possibility that this genome may have undergone a
whole-genome duplication was tested using MCScanX
(Wang et al. 2012) downloaded from https://github.com/
wyp1125/MCScanX on March 27, 2021.

Supplementary Material

Supplementary data are available at Genome Biology and
Evolution online.

Acknowledgments

This work was supported by an FER grant from the Université
Libre de Bruxelles and by a grant from the Belgian Fonds de la
Recherche Scientifique (FRS-FNRS; CDR J.0075.18) to P.M.
S.L. benefited from a 4 years PhD fellowship from FRS-FNRS
and from a complementary fellowship from the David and
Alice Van Buuren fund and the Jaumotte-Demoulin founda-
tion. Computational resources were provided by the
Consortium des Equipements de Calcul Intensif (CECI),
funded by F.R.S.-FNRS (Grant 2.5020.11) and the Walloon
Region.

Author Contributions

S.L., J.-F.F., and P.M. designed the study. P.M. collected the
samples and conducted the laboratory work (DNA extrac-
tions, Nanopore sequencing). S.L. performed most bioinfor-
matic analyses. P.M. and S.L. interpreted the data and wrote
the initial draft of the manuscript. All authors contributed to
its revision and approved the final version.

Data Availability

Data from this project were deposited at DDBJ/ENA/GenBank
under the accession JAFIRS000000000. The version described
in this paper is version JAFIRS010000000. SRA of lllumina and
Nanopore reads: PRINA701158.

Literature Cited

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local
alignment search tool. J Mol Biol. 215:403-410.

Bao W, Kojima KK, Kohany O. 2015. Repbase update, a database of
repetitive elements in eukaryotic genomes. Mob DNA. 6:11.

Bouchemousse S, Falquet L, Muller-Scharer H. 2020. Genome assembly of
the ragweed leaf beetle: a step forward to better predict rapid evolu-
tion of a weed biocontrol agent to environmental novelties. Genome
Biol Evol. 12:1167-1173.

BiGina T, Hoff KJ, Lomsadze A, Stanke M, Borodovsky M. 2021. BRAKER2:
automatic eukaryotic genome annotation with GeneMark-EP+ and
AUGUSTUS supported by a protein database. NAR Genom Bioinform.
3:lgaa108.

Genome Biol. Evol. 13(7):  doi:10.1093/gbe/evab134  Advance Access publication 11 June 2021 5


https://github.com/wyp1125/MCScanX
https://github.com/wyp1125/MCScanX

Lukicheva et al.

GBE

Buchfink B, Xie C, Huson DH. 2015. Fast and sensitive protein alignment
using DIAMOND. Nat Methods. 12:59-60.

Camacho C, et al. 2009. BLAST+: architecture and applications. BMC
Bioinformatics 10:421.

Cunningham CB, et al. 2015. The genome and methylome of a beetle
with complex social behavior, Nicrophorus vespilloides (Coleoptera:
Silphidae). Genome Biol Evol. 7:3383-3396.

Edgar RC. 2004. MUSCLE: multiple sequence alignment with high accu-
racy and high throughput. Nucleic Acids Res. 32:1792-1797.

Emms DM, Kelly S. 2015. OrthoFinder: solving fundamental biases in
whole genome comparisons dramatically improves orthogroup infer-
ence accuracy. Genome Biol. 16:157.

Emms DM, Kelly S. 2019. OrthoFinder: phylogenetic orthology inference
for comparative genomics. Genome Biol. 20(1):238.

Evans JD, et al. 2018. Genome of the small hive beetle (Aethina tumida,
Coleoptera: Nitidulidae), a worldwide parasite of social bee colonies,
provides insights into detoxication and herbivory. Gigascience
7(12):giy138.

Farrell BD. 1998. “Inordinate fondness” explained: why are there so many
beetles? Science 281:555-559.

Flynn JM, et al. 2020. RepeatModeler2 for automated genomic discovery
of transposable element families. Proc Natl Acad Sci USA.
117:9451-9457.

Freedman A, Weeks N. 2020. Best practices for de novo transcriptome
assembly with Trinity [cited 2019 Dec 17]. Available from: https:/in-
formatics.fas.harvard.edu/best-practices-for-de-novo-transcriptome-
assembly-with-trinity.html

Guiglielmoni N, Houtain A, Derzelle A, Van Doninck K, Flot J-F. 2021.
Overcoming uncollapsed haplotypes in long-read assemblies of non-
model organisms. BMC Bioinformatics 22(1):303.

Gurevich A, Saveliev V, Viyahhi N, Tesler G. 2013. QUAST: quality assess-
ment tool for genome assemblies. Bioinformatics 29:1072.

Hanrahan SJ, Johnston JS. 2011. New genome size estimates of 134 spe-
cies of arthropods. Chromosome Res. 19(6):809-823.

Herndon N, et al. 2020. Enhanced genome assembly and a new official
gene set for Tribolium castaneum. BMC Genomics 21(1):47.

Hespenheide HA. 2001. Beetles. In: Levin SA, editor. Encyclopedia of bio-
diversity. New York (NY): Academic Press. p. 351-358.

Hoang DT, Chernomor O, von Haeseler A, Minh BQ, Vinh LS. 2018.
UFBoot2: improving the ultrafast bootstrap approximation. Mol Biol
Evol. 35:518-522.

Hoff KJ, Lange S, Lomsadze A, Borodovsky M, Stanke M. 2016. BRAKER1:
unsupervised RNASeg-based genome annotation with GeneMark-ET
and AUGUSTUS. Bioinformatics 32(5):767-769.

Hoff KJ, Lomsadze A, Borodovsky M, Stanke M. 2019. Whole-genome
annotation with BRAKER. Methods Mol Biol. 1962:65-95.

Jones P, et al. 2014. Interproscan 5: genome-scale protein function clas-
sification. Bioinformatics 30:1236-1240.

Kalyaanamoorthy S, Minh BQ, Wong TKF, von Haeseler A, Jermiin LS.
2017. ModelFinder: fast model selection for accurate phylogenetic
estimates. Nat Methods. 14(6):587-589.

Kawamoto M, et al. 2019. High-quality genome assembly of the silkworm,
Bombyx mori. Insect Biochem Mol Biol. 107:53-62.

Keeling Cl, et al. 2013. Draft genome of the mountain pine beetle,
Dendroctonus ponderosae Hopkins, a major forest pest. Genome
Biol. 14(3):R27.

Kim D, Langmead B, Salzberg SL. 2015. HISAT: a fast spliced aligner with
low memory requirements. Nat Methods. 12:357-360.

Kim D, Paggi JM, Park C, Bennett C, Salzberg SL. 2019. Graph-based
genome alignment and genotyping with HISAT2 and HISAT-geno-
type. Nat Biotechnol. 37:907-915.

Kuck P, Meusemann K. 2010. FASconCAT: convenient handling of data
matrices. Mol Phylogenet Evol. 56:1115-1118.

Li H. 2011. A statistical framework for SNP calling, mutation discovery,
association mapping and population genetical parameter estimation
from sequencing data. Bioinformatics 27:2987-2993.

Li H. 2018. Minimap2: pairwise alignment for nucleotide sequences.
Bioinformatics 34:3094-3310.

Li H, Durbin R. 2009. Fast and accurate short read alignment with
Burrows-Wheeler transform. Bioinformatics 25:1754-1760.

Li H, et al. 2009. The sequence alignment/map format and SAMtools.
Bioinformatics 25:2078-2079.

Mapleson D, Garcia Accinelli G, Kettleborough G, Wright J, Clavijo BJ.
2017. KAT: a K-mer analysis toolkit to quality control NGS datasets
and genome assemblies. Bioinformatics 33:574-576.

Marcais G, Kingsford C. 2011. A fast, lock-free approach for efficient
parallel counting of occurrences of k-mers. Bioinformatics
27:764-770.

Mayhew PJ. 2002. Shifts in hexapod diversication and what Haldane could
have said. Proc Biol Sci. 269:969-974.

McKenna DD, et al. 2016. Genome of the Asian longhorned beetle
(Anoplophora glabripennis), a globally significant invasive species,
reveals key functional and evolutionary innovations at the beetle-
plant interface. Genome Biol. 17(1):227.

McKenna DD, et al. 2019. The evolution and genomic basis of beetle
diversity. Proc Natl Acad Sci USA. 116:24729-24737.

Meyer JM, et al. 2016. Draft genome of the scarab beetle Oryctes borbo-
nicus on La Réunion Island. Genome Biol Evol. 8:2093-2105.

Nguyen L-T, Schmidt HA, von Haeseler A, Minh BQ. 2015. IQ-TREE: a fast
and effective stochastic algorithm for estimating maximum-likelihood
phylogenies. Mol Biol Evol. 32:268-274.

Petitpierre E, Segarra C, Juan C. 1993. Genome size and chromosomal
evolution in leaf beetles (Coleoptera, Chrysomelidae). Hereditas
119(1):1-6.

Ranallo-Benavidez TR, Jaron KS, Schatz MC. 2020. GenomeScope 2.0 and
Smudgeplot for reference-free profiling of polyploid genomes. Nat
Commun. 11:1432.

Quinzin MC, Mardulyn P. 2014. Multi-locus DNA sequence variation in a
complex of four leaf beetle species with parapatric distributions: mi-
tochondrial and nuclear introgressions reveal recent hybridization. Mol
Phylogenet Evol. 78:14-24.

Roach MJ, Schmidt SA, Borneman AR. 2018. Purge Haplotigs: allelic contig
reassignment for third-gen diploid genome assemblies. BMC
Bioinformatics 19:460.

Ruan J, Li H. 2020. Fast and accurate long-read assembly with wtdbg2.
Nat Methods. 17:155-158.

Sayadi A, et al. 2019. The genomic footprint of sexual conflict. Nat Ecol
Evol. 3:1725-1730.

Schoville SD, et al. 2018. A model species for agricultural pest genomics:
the genome of the Colorado potato beetle, Leptinotarsa decemlineata
(Coleoptera: Chrysomelidae). Sci Rep. 8:1-18.

Simao FA, Waterhouse RM, loannidis P, Kriventseva EV, Zdobnov EM.
2015. BUSCO: assessing genome assembly and annotation complete-
ness with single-copy orthologs. Bioinformatics 31:3210-3212.

Smit AFA, Hubley R, Green P. 2013-2015. RepeatMasker Open-4.0 [cited
2020 Dec 15]. Available from: http:/Avww.repeatmasker.org

Smith DM, Marcot JD. 2015. The fossil record and macroevolutionary
history of the beetles. Proc R Soc B. 282(1805):20150060.

Stanke M, Diekhans M, Baertsch R, Haussler D. 2008. Using native and
syntenically mapped cDNA alignments to improve de novo gene find-
ing. Bioinformatics 24:637-644.

Stanke M, Schoffmann O, Morgenstern B, Waack S. 2006. Gene predic-
tion in eukaryotes with a generalized hidden Markov model that uses
hints from external sources. BMC Bioinformatics 7:62.

Thomas GWC, et al. 2020. Gene content evolution in the arthropods.
Genome Biol. 21:15.

6 Genome Biol. Evol. 13(7):

doi:10.1093/gbe/evab134  Advance Access publication 11 June 2021


https://informatics.fas.harvard.edu/best-practices-for-de-novo-transcriptome-assembly-with-trinity.html
https://informatics.fas.harvard.edu/best-practices-for-de-novo-transcriptome-assembly-with-trinity.html
https://informatics.fas.harvard.edu/best-practices-for-de-novo-transcriptome-assembly-with-trinity.html
http://www.repeatmasker.org

Genome Assembly of the Cold-Tolerant Leaf Beetle Gonioctena quinquepunctata GB E

Vega FE, et al. 2015. Draft genome of the most devastating insect pest of Wang V, et al. 2012. MCScanX: a toolkit for detection and evolution-
coffee worldwide: the coffee berry borer, Hypothenemus hampei. Sci ary analysis of gene synteny and collinearity. Nucleic Acids Res.
Rep. 5:12525. 40:e49.

Vurture GW, et al. 2017. GenomeScope: fast reference-free genome pro- . .
filing from short reads. Bioinformatics 33:2202-2204. Associate editor: Adam Eyre-Walker

Genome Biol. Evol. 13(7):  doi:10.1093/gbe/evab134  Advance Access publication 11 June 2021 7





