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Macrosynteny analysis shows the absence of ancient
whole-genome duplication in lepidopteran insects

Yoichiro Nakatani®' and Aoife McLysaght®’

Whole-genome duplication (WGD) is considered a key
evolutionary event for genetic innovation and has oc-
curred in diverse eukaryotic lineages (1). In PNAS, Li
et al. (2) report multiple WGD events in hexapods,
which is surprising because WGD is thought to be
disruptive in animals with chromosomal sex determi-
nation and therefore expected to be rare (1). The ar-
gument by Li et al. (2) is based on gene-tree and
molecular-clock analyses (except for a scaffold-level
synteny analysis of the silkworm genome). However,
gene-tree—based (or molecular-clock—based) approaches
were previously shown to be potentially misleading (3, 4),
whereas chromosome-scale macrosynteny-based ap-
proaches are more reliable and conclusive (5, 6). Here
we examine the hypothesized Lepidoptera-specific ge-
nome duplication by macrosynteny analysis of the
chromosome-level silkworm genome assembly (7). Con-
trary to the scaffold-scale synteny analysis performed by
Li et al. (2), our chromosome-scale analysis shows the
absence of WGD in silkworm and suggests that several
large-scale genome duplications proposed by Li et al.
may be artifactual.

To investigate the proposed Lepidoptera-specific
genome duplication, we assessed the analysis method
used by Li et al. (2). They performed a BLASTP search
with a nonstringent E-value cutoff and chained the
BLASTP hits to obtain colinear paralogous regions.
We visualized this analysis on the silkworm chromo-
somes (Fig. 1 A and B) and found that BLASTP hits
were distributed randomly over the entire genome,
which suggested that the resulting chains were unreli-
able. Indeed, several chromosomes had chains on
multiple chromosomes (Fig. 1B), which cannot be
explained by a single WGD. Furthermore, these chains
were not especially enriched with Lepidoptera-specific
paralogs in the Ensembl database (8) (see Fig. 1 legend
for details).

Unlike the argument in ref. 2, our synteny analysis
indicated absence of WGD. First, the distributions of

Lepidoptera-specific and silkworm-specific paralogs
were similarly scattered (Fig. 1 C and D), suggesting
that Lepidoptera-specific paralogs were created by
the same process, namely small-scale duplications. Al-
ternatively, extensive rearrangements might have
shuffled the paralog distribution in the silkworm ge-
nome; however, this scenario is unlikely because mac-
rosynteny conservation is strong between silkworm
and beetle (Fig. 2). Second, we observed lack of dou-
bly conserved synteny (5, 6, 9) in outgroup insect ge-
nomes (Fig. 2). We expect duplicated silkworm
chromosomes (i) to have similar ortholog distributions
in outgroup genomes and (ii) to share a large number
of Lepidoptera-specific paralogs. However, silkworm
chromosomes with similar ortholog distributions in
beetle tended to have distinct distributions in honey
bee (Fig. 2) and have only a small number of paralogs
(Fig. 1C). These observations indicate that genome
restructuring among these insect lineages occurred
by rearrangements, and not by large-scale genome
duplication.

In conclusion, the absence of WGD in silkworm
suggests that the gene-tree-based detection of WGD
is unreliable and casts doubt on the six ancient large-
scale genome duplications reported in ref. 2. In addi-
tion, a recent paper extensively studied the accuracy
of Ks analyses and warned of the risk of spurious WGD
detection (10). For these reasons, we suggest that
proposed large-scale genome duplications should
be verified by chromosome-scale genome assembly,
macrosynteny analysis, and reconstruction of the pre-
WGD genome structure (5, 6, 9).
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Fig. 1. Chaining of unreliable BLASTP hits results in spurious detection of large-scale genome duplications. (A) The triangular plot shows BLASTP
hits with an E-value cutoff of 10°5. Both axes represent the silkworm chromosomes (1 to 28 from top to bottom and from left to right). (B) Li et al.
(2) chained the BLASTP hits and presented 83 high-confidence chains as dataset S6 in ref. 2. The plot shows paralog pairs in the 83 chains. Several
chromosomes (e.g., chr5 and chr10) have paralogous chains on multiple chromosomes, which contradicts the model that suggests these paralogs
were created by a single WGD. Furthermore, these chains do not consist of Lepidoptera-specific paralogs exclusively: They include 7 out of 4,206
Lepidoptera-specific paralog pairs, 14 out of 4,105 silkworm-specific paralog pairs, and 68 out of 7,174 Metazoa-specific paralog pairs in Ensembl
Metazoa (metazoa.ensembl.org). (C) The plot shows Lepidoptera-specific paralogs (annotated as Obtectomera in Ensembl Metazoa). The
genome-wide distribution of Lepidoptera-specific paralogs disagrees with the chains inferred by Li et al. (2) and suggests the absence of
chromosome-scale duplications in the silkworm lineage. For example, lack of Lepidoptera-specific paralogs between chré and chr9 indicates that
the two chromosomes were not created by Lepidoptera-specific genome duplication, although they have similar ortholog distributions in
outgroup insect genomes (Fig. 2). (D) Silkworm-specific paralogs (annotated as Bombyx mori in Ensembl Metazoa) were plotted. The similarity of
the Lepidoptera-specific and silkworm-specific paralog distributions suggests that these paralogs were created by the same mechanism (namely,
small-scale duplication).
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Fig. 2. The silkworm genome exhibits a strong macrosynteny conservation with the honey bee (Apis mellifera) and red flour beetle (Tribolium
castaneum) genomes. The y axis represents the silkworm chromosomes and the x axes represent the bee chromosomes (1 to 16 from left to right)
and the beetle linkage groups (X, 2 to 10 from left to right). Orthologs in Ensembl Metazoa were plotted. This pattern of macrosynteny
conservation in the silkworm genome suggests that the genome structure evolution in these insects was driven mainly by interchromosomal
rearrangements and not by large-scale structural duplication. For example, silkworm chromosomes chré and chr9 have similar ortholog
distributions in the two x-axis species, but the two chromosomes share no Lepidoptera-specific paralogs (Fig. 1C), suggesting that chré and
chr9 were created by fission in the lepidopteran lineage and not by WGD.
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