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Abstract

Chironomid is the most important macroinvertebrate species in aquatic ecosystem. Chironomus represents the most important

genus of the Chironomidae. However, the species of this genus lack a high-quality assembled genome. Here, a high-quality

chromosome-level assembled genome of Chironomus striatipennis which is an important model organism in aquatic ecological

detection and toxicological application has been reported. The assembled genome size of C. striatipennis was 181.84 Mb, with

a scaffold N50 value of 54.13 Mb. Furthermore, the molecular mechanism of adaptive evolution of Chironomid to benthic envi-

ronment was elucidated by combining transcriptome data of different stages. The complete metabolic pathway of Hemoglobin

was clarified in C. striatipennis for the first time to suggests the regulatory mechanism underlying its adaptation to benthic

living. The expansions of CYP450s gene family related to detoxification explain its tolerance to the harsh environment. The

key gene family, JHAMT, involved in biosynthesis of juvenile hormone are substantially expanded. The expansion of JHAMT

genes and the regular regulation of juvenile hormone and ecdysone explain the developmental plasticity of C. striatipennis.

In this study, it was also found that C. striatipennis is more dependent on JNK signal pathway induced metamorphosis than

Drosophila melanogaster. This study provides some views into genetic basis of tolerance and adaptation of C. striatipennis to

harsh benthic environments and lays a part of the foundation for the adaptive evolution of benthic animals.
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Abstract : Chironomid is the most important macroinvertebrate species in aquatic ecosystem.Chironomus
represents the most important genus of the Chironomidae. However, the species of this genus lack a high-
quality assembled genome. Here, a high-quality chromosome-level assembled genome of Chironomus stri-
atipennis which is an important model organism in aquatic ecological detection and toxicological application
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has been reported. The assembled genome size of C. striatipennis was 181.84 Mb, with a scaffold N50 value
of 54.13 Mb. Furthermore, the molecular mechanism of adaptive evolution of Chironomid to benthic environ-
ment was elucidated by combining transcriptome data of different stages. The complete metabolic pathway
of Hemoglobin was clarified in C. striatipennis for the first time to suggests the regulatory mechanism un-
derlying its adaptation to benthic living. The expansions of CYP450s gene family related to detoxification
explain its tolerance to the harsh environment. The key gene family, JHAMT, involved in biosynthesis of
juvenile hormone are substantially expanded. The expansion of JHAMT genes and the regular regulation
of juvenile hormone and ecdysone explain the developmental plasticity of C. striatipennis. In this study, it
was also found that C. striatipennis is more dependent on JNK signal pathway induced metamorphosis than
Drosophila melanogaster . This study provides some views into genetic basis of tolerance and adaptation of
C. striatipennis to harsh benthic environments and lays a part of the foundation for the adaptive evolution
of benthic animals.

Keywords

Chironomus striatipennis , genome, benthic adaptation, metamorphosis mechanism

1 Introduction

In aquatic ecosystem, benthos can directly or indirectly affect the production of fish or waterfowl (Smith,
2014). In many aquatic ecosystems the number of chironomid species present may account for at least 50%
of the total macroinvertebrate species recorded (Armitage et al., 1995) and serve as backbone components
of aquatic benthic ecosystem.

Chironomids are the most ubiquitous and frequently the most abundant insects in all types of freshwater.
Under certain conditions, such as at low levels of dissolved oxygen, larval chironomid may be the only insect
present in benthic sediments (Armitage et al., 1995). Species richness, wide distribution and tolerance to
adverse conditions make them be frequently selected as good indicator organisms to detect water environment
and pollution in ecological studies (Goto et al., 2011; Hinton H E, 1951; Pinder, 1986; Sogame & Kikawada,
2017). Recent research released the flexibility of Hemoglobin in response to xenobiotics may play a critical
role in adaptive evolution in chironomids (Ha & Choi, 2008). Therefore, the regulation of heme metabolic
pathway related to hemoglobin activity is particularly important. Another important factor facilitating to
adaptation for environment is that many detoxification enzyme genes are highly expressed in chironomid
(Kozeretska et al., 2022). Futhermore, chironomids are holometabolous insects undergoing four distinct
stages, egg, larva, pupa and adult, and the larval stage accounts for the vast majority of the lifecycle.
Specifically, after laying eggs, they hatch into larva in 1-2 day for most Chironomids; after that, chironomid
experiences a period of pelagic life before settling on substrates, living benthic; when the external environment
and its physiological conditions are suitable, it metamorphoses and emerges into adults (Armitage et al.,
1995). Therefore, chironomid must be able to adapt to different living environments and have a set of
mechanisms that can regulate metamorphosis and development. However, neither its biological mechanism
to cope with the complex external environment nor its regulatory mechanism in the process of metamorphosis
and eclosion have been explored. So combing with life cycle characteristics of chironomid, we can focus on
exploring adaptation of chironomid larva to benthic life and regulation mechanism of metamorphosis and
eclosion.

Using high-quality genome as a “scalpel” will help to probe the genetic basis of environmental adaptation
and metamorphosis in these species. In the last decade, with the popularization and application of high-
throughput sequencing technology, the genomes of more species have been released. However, in family
chironomidae (Diptera, Insecta), the genomes of only 8 species have been sequenced and assembled (Cornette
et al., 2016; Kelley et al., 2014; Kutsenko et al., 2014; Sun et al., 2021; Vicoso & Bachtrog, 2015). In previous
researches, the genusChironomus has only scaffold level assembled genome (ncbi), the precision and accuracy
of its genome may not rest content with the increasingly high standard of experimental research. Meanwihle,
it has been proved that there are great differences between the genomes ofChironomus and other genus in
Chironomidae (Cornette et al., 2015). Therefore, it is essential to obtain a high-quality genome ofChironomus
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species.

Chironomus striatipennis Kieffer (Diptera: Chironomidae) is widely distributed in Holarctic, Oriental and
Neotropical regions; its larvae frequently present in oligotrophic to eutrophic freshwater, such as lakes,
swamps, rivers, sewage ditches, fish ponds and rice fields; it is regarded as an alien species to America
derived from Asia by unintentional human transport (Al-Shami et al., 2012; Amora et al., 2015; Martin,
2017) (Figure 1). C. striatipennis is widespread in China (Wang et al., 2020); we had ever found its larvae
infected municipal water systems in several cities in South China. Given ease to reproduce, short life cycle
and the larval stage accounts for most of life cycle, the species is amenable to being maintained as a laboratory
colony for study of various aspects of its biology and toxicology test (Lacerda et al., 2014; Platzer-Schltz
& Welsch, 1969; Platzer-Schultz, 1970; Wu et al., 2021; Zhang et al., 2019). It is necessary to understand
the genetic mechanism of C. striatipennis for unraveling chironomid adaptability and tolerance (Neff et al.,
2021; Zhang et al., 2020; Zhang et al., 2021).

In present research, Oxford Nanepore technology and Hi-C technology were applied to generate a
chromosome-level genome assembly of C. striatipennis Kieffer. Further, combined with transcriptome, the
genetic basis of adaptation to benthic low oxygen substrate were revealed in chironomid larvae, which will
set a foundation for exploring the evolution direction of macrozoobenthos in the benthic environment.

2 Test organisms and methods

2.1 Test organisms

Chironomus striatipennis Kieffer were cultivated and maintained under optimal conditions in the water
ecological restoration Laboratory of Shanghai Ocean University. Organisms were reared in a glass chamber
containing fine inorganic sediment (<10 mm), under a 16-hour light to 6-hour dark cycle and constant
aeration. The water temperature was maintained at 25 ± 1 . The yeast extract solution (CAS Number:
8013-01-2 from Macklin) was provided as food every day.

2.2 DNA preparation and sequencing

In order to estimate genome size and heterozygosity, 50 male adults were collected from the same colony, and
high-quality genomic DNA was extracted by Sangon Biotech Ezup column animal genomic DNA purification
kit. The extracted DNA was used to construct the paired end 150 (PE150) library which was sequenced by
illumina sequencer. 20.62 Gb clean data were obtained by quality control, the total sequencing depth was
about 120.75x, the content of GC was about 29.07%, the proportion of Q20 was more than 96.96% and the
proportion of Q30 was more than 91.91%.

Another 50 male adults from the same colony were selected and delivered to the Biomarker Biotechnology
Co., Ltd to construct long-read sequenced DNA libraries and sequence by the Oxford Nanepore Technologies
(ONT). A total of 20.67 Gb raw data with a N50 read length of 24.7 kb were acquired through the third-
generation nanopore platform sequencer. 20.32 Gb clean data were obtained after filtering adapter, short
fragments and low-quality data.

Furthermore, another 500 male adults from the same colony were selected to construct the Hi-C DNA libraries
which was sequenced through illumina sequencing platform; a total of 22.92 GB clean data was obtained
with the proportion of Q30 reaching more than 91.46 %. After the library quality evaluation, the proportion
of reads containing enzyme digestion sites in Hi-C library reached more than 31.09 % (Supplementary Table
1). The transcriptomes of 50 male adults of C. striatipennisKieffer was sequenced from the same colony
and the transcriptomes ofC. riparius Meigen was downloaded from NCBI, both of them were used to assist
genome annotation.

2.3 Genome draft assembly

Genome size and heterozygosity were measured using Jellyfish v.2.1.4 and GenomeScope v2.0 (Mar-
cais & Kingsford, 2011; Vurture et al., 2017; Xiao et al., 2019); parameters setting were as follow -
k 19 -p 2 -m 100000. The error of the nanopore clean reads was first corrected using NextDenovo
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(https://github.com/Nextomics/NextDenovo), with the seed cutoff set at 28491bp. The genome draft of
C. striatipennis was assembled also using NextDenovo. The nanopore assembled genome draft was polished
in three runs for error-corrected long reads using the illumina DNA short reads by NextPolish v1.3.1 (Hu
J. et al., 2020). After each polish, the completeness and quality of assembled genome draft of C. striatipen-
nis were assessed using BUSCO based on the dipterta odb10 database. The genome of the best BUSCO
evaluation result was selected as genome draft for subsequent analysis (Manni et al., 2021).

2.4 Hi-C library construction and chromosome assembly

The raw reads produced by the illumina High-throughput sequencing platform based on the technology of
sequencing by synthesis were filtered by SOAPnuke software (Chen et al., 2018). Juicer was employed to
compare the obtained clean reads to genome draft (Durand et al., 2016). After filtering the results and
removing the misaligned reads, 3d-DNA software was applied to preliminarily cluster, order, and orient the
unique, valid interaction pairs onto the pseudochromosomes (Dudchenko et al., 2017). Juicer-box was used to
correct pseudochromosomes to improve chromosome assembly level. For the evaluation of the Hi-C assembly
results, the final pseudochromosome assemblies were divided into 100 kb bins of equal lengths and a heat
map was obtained to visualize the interaction signals generated by the valid mapped read pairs between each
bin.

2.5 Genome annotation

Repetitive sequences clustered or dispersed among genes widely exist in eukaryotic genomes. According
to their distribution, the repetitive sequences are divided into interspersed repeats and tandem repeats.
The repetitive sequences of C. striatipennis were annotated mainly by de novo prediction and homology-
based searches. RepeatMasker v4.1.0 and RepeatProteinMask v4.1.0 softwares were employed to recognize
repetitive sequences referring to the RepBaseRepeatMaskerEdition-2018.10.26 database (Bao et al., 2015).
For de novo prediction, a repetitive sequence database was built using RepeatModeler v2.0.2a (Price et al.,
2005), then the protein-coding sequences were filtered using the BLAST in the repetitive sequence database
(Kent, 2002). RepeatMasker software was subsequently applied to predict repeat sequences in the genome.
LTR finder and LTR retriever were used to predict long terminal repeated (LTR) and the Tandem repeats
search was carried out by the Tandem Repeat Finder (TRF) (Benson, 1999; Xu & Wang, 2007).

The annotation of high-quality protein-coding genes was realized by integrating homology-based, de novo and
transcriptome-based predictions. For homology-based prediction, protein sequences of five species (Anopheles
gambiae , Culex quinquefasciatus ,Drosophil melanogaster , Musca domestica ,Polypedilum vanderplanki
) and the RNA-seq data of C. striatipennis which was assembled into full-length transcriptome through
Trinity v2.8.5 software were merged to align and predict genome sequences via Maker v2.31.10 (Grabherr
et al., 2011; Haas et al., 2013; Henschel et al., 2012; Holt & Yandell, 2011; Stanke et al., 2006). Then, the
complete sequences of 15586 genes derived from homology prediction method were utilized to construct a
hidden markov model through Augustus v3.4.0 and SNAP v2017-03-01. In this process, BUSCO was used
to accelerate the model constructing of Augustus (Johnson et al., 2008; Manni et al., 2021; Stanke et al.,
2006). Finally, Maker was applied to annotate and integrate the results generated by the above methods.

The predicted gene model was further functionally annotated by using protein database. Diamond was
used to annotate the predicted protein coding genes by alignment to SwissProt (http://www.uniprot.org/)
and NCBI Nr database (Buchfink et al., 2021; Buchfink et al., 2015). KAAS web server
(https://www.genome.jp/kaas-bin/kaas main) for KEGG annotations was accessed in March 2022. InterPro
and GO (The Gene Ontology Consortium) databases were compared with the predicted protein coding genes
by InterProScan(Jones et al., 2014).

For non-coding RNA annotations, tRNAscan-SE 2.0.9 was used to annotate tRNA sequences (Lowe & Eddy,
1997); Infernal v1.1.4 (http://infernal.janelia.org/ ) was used to predict others non-coding RNA through
Rfam 14.7 (Nawrocki & Eddy, 2013).

2.6 Gene family analysis
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The protein sequences of 11 species in Diptera were selected for phylogenetic analysis, including 6 species
of family Chironomidae (C. striatipennis , Chironomus riparius, Chironomus tentans, Clunio marinus
, Polypedilum vanderplanki, Propsilocerus akamusi ), 3 species of family Culicidae (Anopheles gambiae,
Anopheles sinensis, Culex quinquefasciatus ), one species of family Drosophilidae (Drosophila melanogaster
) and one species of family Muscidae (Musca domestica ) (Supplementary Table 4, 7). For further analysis,
the script was used to extract the longest transcript of each gene; Orthofinder v2.2.6 was employed to identify
gene family clusters (Emms & Kelly, 2015, 2019).

Multiple sequence alignment of single copy gene families generated from Orthofinder were performed to infer
phylogeny of above 11 species by Mafft v7.407 (Rozewicki et al., 2019). Protein-aligned sequences were
translated into coding sequences (CDS) and further optimized by Gblocks 0.91b (Castresana, 2000). The
optimization results were connected into super gene and put into IQTREE v1.5.5 to construct phylogenetic
tree (Nguyen et al., 2015). The divergence time was estimated by MCMCTREE in PAML package. The
standard divergence time was obtained by Timetree (Yang, 1997). Based on the results of gene family
clustering and phylogenetic tree, expansion and contraction of gene families were inferred. The significance
of each expanded and contracted gene family was evaluated by CAFE v4.2 (De Bie et al., 2006). The KEGG
annotation of gene families was performed using the same method as gene function annotation. Homologous
gene pairs in the sequence were sought by BLAST (Kent, 2002). Colinear regions were recognized by
McscanX (Wang et al., 2012).

2.7 Identification of gene family members

To understand the mechanisms of benthic adaptation and metamorphosis in Chironomidae, the key gene
families associated with in the genomes ofC. striatipennis , C. riparius , C. tentans , C. marinus , P.
vanderplanki and P. akamus i were analyzed.

To identify Globin genes, all of 347 Globin sequences of Chironomidae were downloaded from NCBI Genbank
and then BLASTP was used to search Homologous protein gene sequences (Kent, 2002). The Globin hmmer
from Pfam (http://pfam.xfam.org) was employed to train new species Hidden Markov Model (HMM) by
HMMER 3.0 (http://www.hmmer.org/) and search for genome (Jiang et al., 2008). The common genes
were combined to obtain the putative gene families which were searched from the Pfam to confirm that it
contained NBS conserved domain.

To identify CYP450s genes and GSTs genes, the GSTs sequences and the CYP450 reference protein sequences
were downloaded from NCBI Genbank, respectively, and then BLASTP was used to search Homologous
protein gene sequences (Kent, 2002). The GSTs homologous gene sequence and the P450 hmmer from
Pfam (http://pfam.xfam.org) were used to train new species Hidden Markov Model (HMM) by HMMER
3.0 (http://www.hmmer.org/) and search for genome, respectively (Jiang et al., 2008). The common genes
were combined to obtain the putative gene families which were searched from the Pfam to confirm that it
contained NBS conserved domain.

To identify JHAMT(juvenile hormone acid methyl transferase)genes and CASP7 genes,all of the JHAMT
sequences and the CASP 7 sequences ofDrosophila were downloaded from NCBI Genbank, and then BLASTP
was used to search Homologous protein gene sequences, respectively (Kent, 2002). The Homologous protein
gene sequences were used to train the JHAMT hmm model and CASP7 hmm model, respectively. The newly
trained hmm model was used to search their gene sequences (Jiang et al., 2008). Finally, we combined the
common genes as the putative gene families.

The protein sequences of each gene families were aligned by Muscle v3.8.1551 and phylogenetic tree was
constructed by IQTREE with default parameters (Katoh & Standley, 2013). The phylogenetic tree was
visualized using EvolView v3 (https://www.evolgenius.info/ ) (Subramanian et al., 2019).

2.8 Identification of genes involved in the metabolism pathway in C. striatipennis

The annotated proteins of C. striatipennis were mapped into KEGG’s pathway map to indentify the se-
quence of all 13 genes or genes family members involved in tricarboxylic acid cycle pathway. And then
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the required genes from the pathway were deducted. Finally, the extracted protein was verified by KEGG
annotation (Kanehisa et al., 2004). Genes and genes families related to porphyrin metabolism, development
and metamorphosis were searched using the same method.

2.9 Gene expression analysis

Total RNA of C. striatipennis was respectively extracted from larval, pupal and adult individuals. For each
library, three independent replicate RNA samples were prepared. The RNA samples were then sequenced
on the illumina platform by biomarker Biotechnology Co., Ltd (Supplementary Table 14). After removing
the adapter primers and low-quality reads, the clean reads were obtained for follow-up analysis. The clean
reads were mapped to reference genomes by HISAT2 (Kim et al., 2015). The reads mapped on the genome
were assembled into complete transcripts by StringTie to evaluate their expression level (Pertea et al., 2015).
Differential expression gene set (DEG set) was obtained by differential expression analysis between sample
groups using Deseq2 (Love et al., 2014; Trapnell et al., 2012). Then, the functions of differentially expressed
genes were annotated based on the Go and KEGG database.

3 Results and Discussion

3.1 Species identification

C. striatipennis Kieffer had ever been confusedly identified asC. kiiensis Tokunaga or C. strenzkei Fittkau
(Lacerda et al., 2014). It widely distributes in China and was always under the name of C. kiiensis Tokunaga.
In present study, the divergences of the cytochrome oxidase subunit 1 (COI) gene between this study and
Martin’s released were 0.46% by quantifying the genetic distance matrix (Supplementary Table 2). This
genetic distance divergence is within the range of genetic distance among most species (Hebert et al., 2003).
Therefore, the laboratory colony of chironomid used in present study is inseparable from C . striatipennis
named by Martin on morphology and DNA barcodes, so we follow Martin’s identification and name it C.
striatipennis Kieffer ( Amora et al., 2015).

3.2Genome sequencing and characteristics

The estimated genome size of C. striatipennis was about 170.79 Mb, the heterozygosity rate was about 1.13%,
the repeat sequence part of genome was about 23.63% and with karyotype of 2N=2X=8, as determined
through K-mer analysis (Supplementary Figure 1). These characteristies indicated that C. striatipennis has
a highly heterozygous complex genome.

In order to obtain a better assembly, Oxford Nanepore Technologies sequencing data was used to the pre-
liminary genome draft assembly and then using the illumine data to polish the preliminary genome draft.
BUSCO assessment indicated that the completeness of the gene set of assembled genome draft was 95.0%,
which signified the genome assembly of C. striatipennis was complete and suit for further anchoring se-
quences to chromosome analysis (Supplementary Figure 2, Supplementary Table 3). Basing on 22.92 Gb
clean reads from Hi-C library, 78 scaffolds including 4 pseudomolecules which represented 4 chromosomes
and 74 detritus were assembled. The lengths of 4 pseudochromosomes ranged from 20.40 Mb to 60.13 Mb
with a scaffold N50 value of 64.51 Mb (Figure 3). In addition, about 179.77 Mb contigs were mapped into
4 pseudochromosomes with an anchoring rate of 98.86 % (Supplementary Table 5). The chromatin interac-
tion data suggest that our Hi-C assembly is of high quality (Figure 2). We used BUSCO to identify 95.0%
(3119/3285), 98.7% (1349/1367) and 98.1% (936/954) conserved genes ofC. striatipennis by alignment to
corresponding database of Diptera, Insecta and Metazoa (Supplementary Figure 3). The above results are
compared with other genomes assembled in Chironomid, it can be concluded that the genome assembly of
C. striatipennis was more high-quality and complete (Tab.1).

C. striatipennis is the first species with chromosome-level genome assembly in genus Chironomus . The
genome size of C. striatipennis is similar to other species in the genusChironomus (C. riparius, C.tentans,
C. tepperi(236 Mb)), but it is much larger than that of species in subfamily Orthocladiinae (C. marinus ,
Belgica antarctica (99 Mb) and P. akamusi ) and in genus Polypedilum ( P. vanderplanki ,P. pembai (122
Mb)) (Tab.1) (Kaiser et al., 2016; Kelley et al., 2014; Sun et al., 2021). The above results are also consistent
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with those of Cronette et al. (2015). In conclusion, it can be inferred the genome size of genus Chironomus
is larger than that of subfamily Orthocladiinae and genus Polypedilum .

Table 1. Genome statistics and comparisons among chironomid species whose genome has been sequenced

3.3 Gene prediction and annotation

Total 13429 protein-coding genes were obtained through de novo and homologous prediction. The genome
assembly completeness assessed by BUSCO was up to 98.7% (Tab 1), which means the genome annotation
forC. striatipennis is reasonably complete.

Combined with the results of other studies, the length of gene and the average length of introns in C.
striatipennis like other species in subfamily Chironominae were much higher than those of subfamily Ortho-
cladinae (Supplementary Table 8)(Kutsenko et al., 2014; Vicoso & Bachtrog, 2015). The Protein coding part
of the genome in C. striatipennis was smaller than those in other subfamily Orthocladinae (Supplementary
Table 8). It is worth noting that the introns of C. striatipennis was concentrated at the 5 un-translated
regions (5’ UTR). These introns usually contain transcriptional regulatory elements and they can reduce
gene mutations (Rethmeier et al., 1997; Rose, 2004; Rose & Beliakoff, 2000). In the future, the role of
introns in regulating gene expression and reducing gene mutations should be further explored. Besides this,
105 ribosomal RNAs, 31 small nuclear RNAs, 34 microRNAs and 203 transfer RNAs were identified in C.
striatipennis(Supplementary Table 9).

The repeated sequences comprised 23.29 % of whole genome in C. striatipennis which was much higher than
other known chironomid genomes (Supplementary Table 8). Interspersed repeat is up to 78.3% and makes up
a key component of repeated sequence. Moreover, the number of repeated sequences predicted by de novo
was far more than that obtained based on RepBaseMaskerEdition-2018.10.26 database. It means thatC.
striatipennis has many special repeats sequence. The content of long terminal repeated (LTR) predicted by
de novo makes up 21.14% of the repeat sequences of C. striatipennis (Supplementary Table 10-11)(Cornette
et al., 2017; Kaiser et al., 2016; Kelley et al., 2014; Kutsenko et al., 2014; Shaikhutdinov & Gusev, 2022;
Sun et al., 2021; Vicoso & Bachtrog, 2015).

A total of 12717 (94.70%) predicted genes were functionally annotated, among which 12245 (91.18%) genes
were annotated with diamond based on Nr and 8292 (61.75%) genes were annotated with diamond based on
SwissProt databases. 5579 (41.54%) genes were annotated through Kaas. The number of annotated genes
searched by InterProScan based on Pfam, Go and InterPro databases were 1369 (10.19%), 3079 (22.93%)
and 12135 (90.36%), respectively (Supplementary Table 12).

3.4 Genome evolution

2446 single-copy gene families shared by C. striatipennis and other 10 species in Diptera were used to
construct phylogenetic tree and estimate divergence time (Supplementary Figure 4), which species-specific
orthogroups were identified in a Venn diagram (Figure 4-b, Supplementary Table 6). Phylogenetic analysis
shows that C. striatipennis is closely related to C. riparius and C. tentans , they form a clade located at
the base of Chironomidae. The Chironomidae divergence was estimated to have occurred about 152.9 Mya,
Orthocladiinae diverged from Chironominae about 71.7 Mya, the divergence of C. striatipennis occurred
about 13.7 ˜ 43.6 Mya (Figure 4-a). This indicates that Chironomus belongs to a relatively young group in
Chironomidae.

The analysis of expansion and contraction of orthologoups gene families show that the clad of Chironomidae
had 28 gene families expanded and 18 gene families contracted. 105 gene families in C. striatipenniswere
expanded, by contrast, 256 in C. rapirius , 99 in C. tentans , 247 in P. vanderplanki , 53 in C. marinus
and 25 in P. akamusi . Meanwhile, 70 gene families in C. striatipennis were contracted, by contrast, 80 in
C. rapirius , 185 in C. tentans , 84 in C. marinus and 14 in P. akamusi (Supplementary Figure 5). In C.
striatipennis , the expanded gene families were significantly involved in growth, development and defensive
metabolism such as larva molting, damage repair and inflammatory immunity (Supplementary Figure 6),
while the contracted gene families were mainly involved in energy metabolism (Supplementary Figure 7).
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These findings suggest that the expanded and contracted gene families may be closely related to the adaptive
evolution in C. striatipennis. It is similar to Belgica antarctica and P. akamusi , that they can resist the
adverse environment by expanded heat shock proteins (HSPs) (Sun, X et al., 2021; Kozeretska, I et al.,
2022). Chironomid midge with same life history asC. striatipennis may also expand similar gene families to
adapt to the external environment (Cornette et al., 2017; Kaiser et al., 2016; Kelley et al., 2014; Kutsenko
et al., 2014; Shaikhutdinov & Gusev, 2022; Sun et al., 2021; Vicoso & Bachtrog, 2015).

In order to recognize homologous proteins sequences in the genome, BLASTP and McscanX were employed
to analyze the protein sequences ofC. striatipennis , P. akamusi and P. vanderplanki to obtain their collinear
gene pairs. There were 7162 collinear gene pairs between C. striatipennis and P. akamusi , 12438 collinear
gene pairs between C. striatipennis and P. vanderplanki , 270 collinear gene pairs between C. striatipennis
and itself (Supplementary Table 13). Like flies, Chironomid midge also has very low self-collinearity at
the chromosome level. However, there is a close correspondence between several chironomid species with
chromosome level genome assembly. The possible reason for that is Chironomid midges maybe abandon
some unnecessary genes in the process of evolution.

3.5 Gene families associated with adaptive evolution

Some key gene families, including the Globin related to oxygen transport, the JHAMT and caspase 7 re-
lated to regulating development and metamorphosis, the GSTs and CYP450s related to detoxification were
identified to illuminate the adaptation of Chironomid larva to benthic environment and metamorphosis
mechanism.

Globin for benthic adaptation.It is known to all, most invertebrates have copper containing Hemo-
cyanin and non heme iron Hemoglobin. Except for a few annelids, the Chironomid midge is one of the few
invertebrate with Hemoglobin (Strand et al., 2004). Hemoglobin can provide necessary dissolved oxygen for
metabolic activities of organisms (Bergtrom et al., 1976). Most chironomid larvae live in aquatic substrate
with low dissolved oxygen and are urgent for hemoglobin to meet oxygen deficiency. Globins are the key
dissoxygen carriers after binding to heme. The evolution of Globin in chironomid midges can be inferred by
sequencing the genome of C. striatipennis . We identified were 10 Globin genes of C. striatipennis . The 10
Globin can be divided into three subfamilies based on ncbi database, seven in the subfamily Globin III, two
in the subfamily Globin VII and the other one in the subfamily Globin X (Figure 5-a). It should be noted
that eight Globin genes belonging to three gene tandem clusters in the genome have different gene sequences
and number of conserved functional regions, which indicates that the gene has experienced some convergent
or divergent mutation after tandem expansion.

Considering in early larval stages, C. striatipennis shifts from pelagic to benthic habitat in water and then
emerges on water surface, in order to verify the hemoglobin produced by porphyrin pathway to adapt to the
situation of low dissolved oxygen in benthic habitat at larval stage, 8 genes or gene family members involved
in porphyrin metabolic pathway were analyzed in whole life cycle. These genes include 5-aminolevulinate syn-
thase (ALAS), porphobilinogen synthase (ALAD), hydroxymethylbilane synthase (HMBS), uroporphyrino-
gen III decarboxylase (UROS), uroporphyrinogen decarboxylase (UROD), coproporphyrinogen III oxidase
(CPOX), protoporphyrinogen III oxidase (PPOX) and protoporphyrin ferrochelatase (FECH) (Frankenberg
et al., 2001; Saffarini et al., 1991). These genes expressed significantly in larval benthic stage and began to
close in pupal stage (Figure 7, Supplementary Table15,17). In addition, in C. striatipennis , among the 10
putative Globin gene family members, 8 genes which average fragments per kilobase of transcript per million
mapped (FKPM) reads for Globin genes were 6.74-35492.96 were highly expressed in larval stage, but the
expression level of most Globin genes decreased to less than 1% in pupal stage and 2 pseudogenes were not
expressed in the whole life cycle (Figure 5-b, Supplementary Table 16).

These data provided convincing demonstration for the correlation between the differential expression of
hemoglobin and the adaptation of chironomid larva to benthic life, which indicates the chironomid species
with the same lifestyle as C. striatipennis have a highly effective oxygen transport system to adapt to the
low dissolved oxygen in benthic habitat.
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Detoxification. The insect can secrete a variety of enzymes by detoxification system to resist the influence
of external poisons (Li et al., 2018). Generally, the detoxification system usually goes through three phases
to resist external poisons (Epel et al., 2008; Martinez-Paz, 2018; Smital et al., 2004). However, no matter
which phase is involved, Cytochrome P450s (CYP450s) and glutathione S-transferases (GSTs) enzymes play
core roles in process of resisting the influence of external poisons. 37 CYP450s and 26 GSTs were identified
in C. straitipennis in this study (Supplementary Figure 8). CYP450s not only play an importance role in
detoxification metabolism and synthesis of hormones but also have an obvious phenomenon of gene family
expansion. The phylogenetic analysis of the CYP450s in C. striatipennis showed they were divided into four
branches: the CYP2, the CYP3, the CYP4 and the mitochondrial (Mito) (Figure 6-b). It is worth noting
that most genes of the CYP450s inC. striatipennis are clustered under the branches of the CYP3 (15/37
genes) and the CYP4 (13/37 genes). The genes involved in these two gene subfamilies are often induced
to express by exogenous toxic substances (David et al., 2010; Ffrench-Constant, 2013). More interestingly,
P. vanderplanki is known as a “trisomic” creature in biological world that can survive in various extreme
environments, and the number of CYP450s genes has been amplified to as high as 154 (Figure 6-a). Aboving
results provide solid evidence that in chironomid midge CYP450s, especially the CYP3 and the CYP4 gene
subfamily, are related to adapt to harsh benthic environment, resist interference of various toxic substances
and survive successfully in some extreme environment (Lu et al., 2021).

Development. Chironomid midge has relative developmental plasticity. It can change the developmental
trajectory to deal with different environments, which is also a strategy for adapting the environment. Like
most insects, chironomid midge is also coordinately regulated by ecdysone and juvenile hormone from larva
to pupa and to adult, juvenile hormone can prevent metamorphosis induced by ecdysone (Guo et al., 2019;
Hu X. L. et al., 2019; Miki et al., 2020; Santos et al., 2019). The genes involved in biosynthesis of ecdysone
and juvenile hormone which regulate insect development were also recognized inC. striatipennis. Notably, the
key genes, JHAMT, involved in biosynthesis of juvenile hormone are substantially expanded. C. striatipennis
harbors 43 JHAMT genes; the number is similar to P. vanderplanki (38 JHAMT) and much higher than the
equivalent in other species in Chironomidae (Supplementary Figure 10).

It has been reported that there were very few chironomid midges can grow rapidly in the cold winter
(Armitage et al., 1995). Most chironomid midges overwinter at the fourth larval instar and will not emerge
into adults until the beginning of the next spring (Armitage et al., 1995). By foregoing reason, it is speculated
that the expansion of JHAMT genes is a general strategy for chironomid to regulate the content of juvenile
hormone to overwinter. Therefore, when the external situation is appropriate, the expression of JHAMT
genes will decrease.

The transcriptomes were sequenced to reveal how chironomid regulates the synthesis of ecdysone and juvenile
hormone during the process of molting, metamorphosis and growth in C. striatipennis . In present study,
the expression level of various enzymes related to the biosynthesis of juvenile hormone decreased during the
shift from larva to adult in C. striatipennis ; it is consistent with the hypothesis that the juvenile hormone
of chironomid midge decreases before eclosion to ensure a smooth eclosion (Figure 7). Interestingly, the
expression level of JHAMT enzyme closely related to the synthesis of juvenile hormone III slightly increased
during the shift from pupa to adult, which may be due to chironomid midge needs to provide the time
required for morphology and organelle remodeling during metamorphosis (Figure 8, Supplementary Table
18).

In addition, the expression level of ecdysone 20-monooxygenase involved in the regulation of ecdysone de-
creased during the period of eclosion. In conclusion, C. striatipennis controls the emergence time by flexibly
adjusting the concentration of juvenile hormone, which displays development plasticity in chironomid midge.

Metamorphosis mechanism. Programmed cell death plays an important role in removing cells that are
unnecessary or potentially dangerous to organisms, and apoptosis is one of the most important ways of
programmed cell death (Baehrecke, 2002; Fuchs & Steller, 2015; Galluzzi et al., 2018; Hay et al., 2004).
Apoptosis is essential not only to maintain homeostasis and immune response but also to its metamorphosis.
Apoptosis can reshape the whole morphology of organisms for metamorphosis development to help them
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adapt to the new environment in the future. Previous studies have shown that ecdysone can regulate the
metamorphosis of D. melanogaster by inducing the expression of apoptotic effectors. The specific molecular
mechanism is that ecdysone activates the expression activity of inducing downstream apoptosis factor by
binding to ECR/USP heterodimer, which initiates the caspase pathway of apoptosis by inhibiting the ex-
pression activity of apoptosis inhibiting factors (Hay & Guo, 2006; Hay et al., 2004). In present study, some
key components involved in these pathways were found in C. striatipennis . Caspase 7, the effector of apop-
tosis, was significantly expanded in the genome of C. striatipennis(Supplementary Figure 9). Furthermore,
the JNK-dependent apoptosis pathway is more active in C. striatipennis , which is not likeD. melanogaster
heavily relying on ecdysone to open the caspase pathway.

JNK pathway is an important signaling pathway involved in many life processes such as cell morphology
construction, cell polarity establishment and apoptosis in cells (Kuranaga et al., 2002). In Diptera, the main
role of JNK pathway is to promote thorax closure by assisting actin to pull bilateral thorax to the midline
through apoptosis unnecessary tissue cells (Marti’n-Blanco et al., 2000; Zeitlinger & Bohmann, 1999). In
this study, the expression level of components related to regulating JNK pathway ascended gradually with
the advancement of metamorphosis in C. striatipennis (Figure 7, Supplementary Table 19). This means that
wing shaping is the most important event in the process of C. striatipennis metamorphosis. In addition,
similar as other arthropods, C. striatipennisconstructs the first line of defense through the chitin shell, which
can help chironomid avoid virus or various mechanical damages. The thorax closure can promote a pair of
wings to move towards the midline and close to each other. Limited by the size of the individual, the
original chitin pupal cortex was inevitably partially degraded in the process of thorax closure. Therefore,
the gene encoding chitinase in the genome ofC. striatipennis was also significantly expanded (Supplementary
Figure 11). Interestingly, these chitinases have relative cascade effect in expression process, which was, some
chitinases were extremely expressed during the transition from larva to pupa, while others were actively
expressed during the shift from pupa to adult (Supplementary Table 20). These proteins work together in
series with several signal pathways to promote the successful completion metamorphosis and development
in C. striatipennis .

4. Conclusion

Here, a high-quality chromosome-level genome assembly of C. striatipennis with genome size of 181.84Mb
and 13429 annotated protein-coding genes has been reported. Through phylogenetic analysis, the possible
position of C. striatipennis in evolutionary relationship was clarified. By the analysis of expanded gene
family, their possible role (such as hemoglobin, GST, CYP450s, JHAMT, etc.) in the adaptability of benthic
environment were clarified. In addition, in the process of metamorphosis, C. striatipennis depends more on
JNK signal pathway to initiate the apoptosis pathway, and then smoothly complete the eclosion process.
The results in this research provide a relatively high-quality genome and a foundation for revealing the
evolutionary direction of organisms in adverse environments.
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Chromosome-scale assembly of the Dendrobium chrysotoxum genome enhances the understanding of or-
chid evolution.Hortic Res, 8 (1), 183. https://doi.org/10.1038/s41438-021-00621-z
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Table Legends

Table 1. Genome statistics and comparisons among Chironomid species whose genome has
been sequenced

Figure Legends

Figure 1. Photographs of Chironomus striatipennis larva

Figure 2. Hi-C contact map of theChironomus striatipennis genome assembly. U, unplaced
scaffolds.

Figure 3. Circular diagram depicting the characteristics of theChironomus striatipennis
genome. From the outer to the inner circle: A Ideogram of the 4 C. striatipennis chromosomes at the
Mb scale. B Guanine-cytosine (GC) content. C Repeat density. D Gene density. E Collinearity block
in the genome. Connecting lines at the centre of the diagram highlight the homologous relationships of
chromosomes

Figure 4. Orthology and genome evolution of Chironomus stritipennis compared with those
of 10 other species. The 10 species used for comparison were C. riparius, C. tentans, C. marinus, P.
vanderplanki, P. akamusi, A. gambiae, A. sinensis, C. quinquefasciatus, D. melanogaster and M. domestica.
IQ-TREE was used to construct the unrooted maximum-likelihood phylogenetic tree for the 11 species based
on genomic data obtained using LG + F + R5 model for 1000 bootstrap replicates.

Figure 5. Analysis of Chironomus striatipennis Globin genes. a. Phylogenetic relationships of
C. striatipennis, C. riparius, C. tentans, C. marinus, P. akamusi and P. vanderplanki Globin proteins.
IQ-TREE was used to build the unrooted maximum-likelihood phylogenetic tree with the VT+R4 Best-fit
model for 1000 bootstrap replicates. 10, C. striatipennis ; 0, C. riparius ; 5,C. tentans ; 6, C. marinus ; 1, P.
akamusi ; 7,P. vanderplanki . b. Expression patterns of Globin in larva, pupa and adult of C. striatipennis
.

Figure 6. Gene families involved in CYP450s in Chironomus striatipennis. a Comparison of gene
numbers for Mito, CYP2, CYP3, CYP4 proteins in C. striatipennis, C. riparius, C. tentans, C. marinus, P.
vanderplanki and P. akamusi . Gene numbers are provided above each bar. b Phylogeny tree of CYP450s
genes from C. striatipennis, C. riparius, C. tentans, C. marinus, P. akamusi andP. vanderplanki Globin
proteins. IQ-TREE was used to build the unrooted maximum-likelihood phylogenetic tree with the LG+R6
Best-fit model for 1000 bootstrap replicates. 10, C. striatipennis ; 0,C. riparius ; 5, C. tentans ; 6, C.
marinus 1,P. akamusi ; 7, P. vanderplanki.
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Figure 7. Gene expression patterns among the interactions between hemoglobin, JH III and
Ecdysone biosynthesis pathways, and regulatory and metamorphosed mechanisms in Chirono-
mus striatipennis. (Frankenberg et al., 2001; Saffarini et al., 1991; Belles X et al., 2005; Y Demay et al.,
2014; Kuranaga et al., 2002)

Figure 8. Genome and transcriptome analyses JHAMT of the gene family in Chironomus
striatipennis. Comparison of all transcripts and JHAMT transcripts under different stages (larva, pupa,
adult); All transcripts on the left and JHAMT transcripts on the right.

Supplemental information

Supplementary Figure 1. Genome size and heterozygosity estimation using 19 K -
merdistribution.

Supplementary Figure 2. BUSCO assess the completeness of the genome draft of C. stri-
atipennis genome after three polish. (base on the diptera odb10 databases)

Supplementary Figure 3. BUSCO assess the completeness of the chromosome level genome
of C. striatipennis genome after annotation. (base on the insecta odb10, diptera odb10 and
metazoan odb10 databases)

Supplementary Figure 4. Phylogenetic tree constructed based on the filtered single-copy gene
family; each branch length represents the neutral evolution rate.

Note:In this paper, due to the missing of transcripts and gff files ofBelgica antarctica, Chironomus tepperi
and Polypedilum pembai , there is no phylogenetic studies.

Supplementary Figure 5. Phylogeny of expanded and contracted gene families. Numbers in
the tree illustrate the sets of gene-family expansions (+, red) and contractions (–, blue) found
for C. striatipennis.

Supplementary Figure 6. Gene Ontology (GO) enrichment results of significantly expanded
gene families in C. striatipennis.

Supplementary Figure 7. Gene Ontology (GO) enrichment results of significantly shrinked
gene families in C. striatipennis.

Supplementary Figure 8. Phylogeny tree of GST genes fromC. striatipennis, C. riparius, C.
tentans, C. marinus, P. akamusiand P. vanderplanki Globin proteins. IQ-TREE was used to
build the unrooted maximum-likelihood phylogenetic tree with the VT+F+G4 Best-fit model
for 1000 bootstrap replicates. 10, C. striatipennis; 0, C. riparius; 5, C. tentans; 6, C. marinus;
1, P. akamusi ; 7, P. vanderplanki.

Supplementary Figure 9. Phylogeny tree of caspase7 genes fromC. striatipennis, C. riparius,
C. tentans, C. marinus, P. akamusiand P. vanderplanki Globin proteins. IQ-TREE was used
to build the unrooted maximum-likelihood phylogenetic tree with the VT+F+R2 Best-fit
model for 1000 bootstrap replicates. 10, C. striatipennis; 0, C. riparius; 5, C. tentans; 6, C.
marinus; 1, P. akamusi ; 7, P. vanderplanki.

Supplementary Figure 10. Phylogeny tree of JHAMT genes fromC. striatipennis, C. riparius,
C. tentans, C. marinus, P. akamusiand P. vanderplanki JHAMT proteins. IQ-TREE was
used to build the unrooted maximum-likelihood phylogenetic tree with the VT+F+R3 Best-
fit model for 1000 bootstrap replicates. 10, C. striatipennis; 0,C. riparius; 5, C. tentans; 6,
C. marinus; 1,P. akamusi ; 7, P. vanderplanki.

Supplementary Figure 11. Phylogeny tree of chitinase genes fromC. striatipennis, C. riparius,
C. tentans, C. marinus, P. akamusiand P. vanderplanki chitinase proteins. IQ-TREE was
used to build the unrooted maximum-likelihood phylogenetic tree with the VT+F+G4 Best-fit
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model for 1000 bootstrap replicates. 10, C. striatipennis; 0, C. riparius; 5, C. tentans; 6, C.
marinus; 1, P. akamusi ; 7, P. vanderplanki.

Supplementary Table 1. Summary of DNA sequencing data.

Supplementary Table 2. The pairwise genetic distances (%) ofC. striatipennis Kieffer.

Supplementary Table 3. Summary of nextdenovo assembly results ofC. striatipennis.

Supplementary Table 4. BUSCO assessment of the C. riparius and C. tentansgenomes’ as-
sembly.

Supplementary Table 5. Chromosome length by Hi-C assembly.

Supplementary Table 6. Summary of orthologous gene families in 11 sequenced diptera species.

Supplementary Table 7. BUSCO assessment of the C. riparius and C. tentans genomes’
annotation.

Supplementary Table 8. Genome assembly and annotation summary for C. striatipennis and
7 other Chironomidae species.

Supplementary Table 9. Statistics of non-coding RNA in theC. striatipennis genome.

Supplementary Table 10. Statistical results of repeat sequences.

Supplementary Table 11. Statistics of repeat sequences inC. striatipennis.

Supplementary Table 12. Statistical results of functional annotation.

Supplementary Table 13. Statistical results of whole gene collinearity analysis.

Supplementary Table 14. Summary of RNA sequencing data.

Supplementary Table 15. The expression of genes in TCA pathway.

Supplementary Table 16. The expression of Globin genes inC. striatipennis.

Supplementary Table 17. The expression of genes in porphyrin biosynthesis pathway and
regulatory mechanisms.

Supplementary Table 18. The expression of genes in hormone biosynthesis pathway and reg-
ulatory mechanisms.

Supplementary Table 19. The expression of genes in metamorphosed mechanisms.

Supplementary Table 20. The expression of chitinase genes inC. striatipennis.

Table 1. Genome statistics and comparisons among chironomid species whose genome has
been sequenced

Species Total length (Mb) Total length (Mb) Total length (Mb) Gene number Contig N50 (bp) Scaffold N50 (bp) Scaffold Count BUSCO assembly (%)

C. striatipennis C. striatipennis 181.84 13429 13429 5182970 54513000 78 98.7%
C. riparius C. riparius 172.34 13449 13449 284852 539778 752 93.7%
C. tentans C. tentans 213.46 15120 15120 7697 57274 26025 97%(CEGMA)
C. marinus C. marinus 85.49 22767 22767 154800 1871155 23763 98.0%
P. vanderplanki P. vanderplanki 118.97 17852 17852 219078 35209052 387 98.3%
P. akamusi P. akamusi 85.84 11942 11942 6207813 26110296 112 95.3%

This study
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Figure 1. Photographs of Chironomus striatipennis larva(Note: Due to the epidemic, it is tem-
porarily impossible to take photos at school, and the specific photos can be changed later)
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Figure 2. Hi-C contact map of the Chironomus striatipennis genome assembly. U, unplaced
scaffolds.

21



P
os

te
d

on
A

u
th

or
ea

6
J
u
l

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
65

70
99

88
.8

44
63

35
2/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Figure 3. Circular diagram depicting the characteristics of the Chironomus striatipennis
genome. From the outer to the inner circle: A Ideogram of the 4 C. striatipennischromosomes at the
Mb scale. B Guanine-cytosine (GC) content. C Repeat density. D Gene density. E Collinearity block
in the genome. Connecting lines at the centre of the diagram highlight the homologous relationships of
chromosomes
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a

b

Figure 4. Phylogenomic analysis revealed a wide range of genetic changes. a Orthology and
genome evolution of Chironomus stritipennis compared with those of 10 other species. The 10 species used
for comparison were C. riparius, C. tentans, C. marinus, P. vanderplanki, P. akamusi, A. gambiae, A.
sinensis, C. quinquefasciatus, D. melanogaster and M. domestica . IQ-TREE was used to construct the
unrooted maximum-likelihood phylogenetic tree for the 11 species based on genomic data obtained using
LG + F + R5 model for 1000 bootstrap replicates. b Venn analysis of Orthogroups of the six Chironomid
midges. Cs.id, C. striatipennis ; Cr.id, C. riparius ; Ct.id, C. tentans ; Cm.id, C. marinus Pa.id,P. akamusi
; Pv.id, P. vanderplanki .
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b

Figure 5. Analysis of Chironomus striatipennis Globin genes. a. Phylogenetic relationships of
C. striatipennis, C. riparius, C. tentans, C. marinus, P. akamusi and P. vanderplanki Globin proteins.
IQ-TREE was used to build the unrooted maximum-likelihood phylogenetic tree with the VT+R4 Best-fit
model for 1000 bootstrap replicates. 10, C. striatipennis ; 0, C. riparius ; 5,C. tentans ; 6, C. marinus ; 1, P.
akamusi ; 7,P. vanderplanki . b. Expression patterns of Globin in larva, pupa and adult of C. striatipennis
.
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b

Figure 6. Gene families involved in CYP450s in Chironomus striatipennis. a Comparison of gene
numbers for Mito, CYP2, CYP3, CYP4 proteins in C. striatipennis, C. riparius, C. tentans, C. marinus, P.
vanderplanki and P. akamusi . Gene numbers are provided above each bar. b Phylogeny tree of CYP450s
genes from C. striatipennis, C. riparius, C. tentans, C. marinus, P. akamusi andP. vanderplanki CYP450s
proteins. IQ-TREE was used to build the unrooted maximum-likelihood phylogenetic tree with the LG+R6
Best-fit model for 1000 bootstrap replicates. 10, C. striatipennis ; 0,C. riparius ; 5, C. tentans ; 6, C.
marinus ; 1,P. akamusi ; 7, P. vanderplanki.
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Figure Figure 7. Gene expression patterns among the interactions between hemoglobin, JH
III and Ecdysone biosynthesis pathways, and regulatory andmetamorphosed mechanisms in
Chironomus striatipennis.(Frankenberg et al., 2001; Saffarini et al., 1991; Belles X et al., 2005; Demay,
Y., et al., 2014; Kuranaga et al., 2002) Increased gene expression during the developmental stages of midges
shown by red backgrounds, while decreased gene expression is shown by blue backgrounds. The pathways
of hemoglobin synthesis, hormone synthesis and apoptosis were marked.

Figure 8. Genome and transcriptome analyses JHAMT of the gene family in Chironomus
striatipennis. Comparison of all transcripts and JHAMT transcripts under different stages (larva, pupa,
adult); All transcripts on the left and JHAMT transcripts on the right.
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