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Here we provide early access to 18 new genome assemblies, including 8 assembled to 
chromosome-scale, for aphids from the subfamily Aphidinae (Figure 1). Sample information 
and genome assembly and annotation metrics are given in Table 1 (see attached files). A 
summary of all newly generated sequence data used to create the new assemblies and 
annotations is given in Table 2 (see attached files).  For consistency and to aid comparative 
analysis, all genomes have been annotated using the same repeat masking and RNA-seq-
based gene prediction pipeline that we recently used to annotate the model aphid species 
Myzus persicae and Acyrthosiphon pisum (Mathers et al. 2021). Using this pipeline we also 
provide new annotations for our previously published genome assemblies of Aphis glycines, 
Myzus cerasi and Pentalonia nigronervosa (Mathers 2020; Mathers et al. 2020). The genome 
assemblies and annotations are made freely available without restriction, we only request 
that this Zenodo resource is cited when using the data. Raw sequence data upload to NCBI is 
underway and full details of all accessions will be given in an updated version of this resource. 
Manuscripts are in preparation describing the individual genome assemblies in detail and 
larger comparative genome analyses and we will update this resource with additional citation 
information as papers are published. 
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Figure 1: Maximum likelihood phylogeny of all newly generated and previously published genomes from the 
subfamily Aphidinae. For previously published assemblies, we include the most recent assembly version 
available for a given isolate. Details of the included assemblies are given in Table 3 (see attached files). The 
phylogeny is based on a concatenated alignment of 928 conserved BUSCO genes. Branch lengths are given in 
amino acid substitutions per site. All branches received maximum support according to the Shimodaira-
Hasegawa test (Shimodaira and Hasegawa 1999) implemented in FastTree (Price et al. 2009, 2010) with 1,000 
resamples. The tree was rooted with Eriosoma lanigerum from the subfamily Eriosomatinae (not shown). 
Genomes assembled to chromosome-scale with Hi-C data are annotated with a yellow square and genomes 
assembled with long-read sequence data are annotated with a white square. Assembly size is given inclusive of 
N content. The sum of fragmented (frag), duplicated (dup) and missing (mis) BUSCO Arthropoda (n=1,066) genes 
for each assembly is given to indicate assembly quality (lower = better). 

General methodology 

Sampling and species identification 

Samples for DNA and RNA extraction were either taken from the John Innes Centre insectary 
(Norwich, UK) or collected from the wild in the UK. Species were identified based on 
morphology, host plant species and by DNA barcoding with the cytochrome oxidase 1 (COI) 
mitochondrial gene. We made use of www.InfluentialPoints.com and 
www.aphidsonworldsplants.info for species identification in the field.  
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Quality control 

Regardless of the sequencing approach, we aimed to generate high-quality haploid genome 
assemblies, which maximise assembly completeness and minimise the inclusion of 
erroneously duplicated content (i.e. haplotigs). Genome assemblies were assessed by 
generating K-mer spectra, a procedure that involved comparing K-mer content of the raw 
sequencing reads to the K-mer content of the genome assembly with the K-mer analysis 
toolkit (KAT; [Mapleson et al. 2017]). We also assessed assembly completeness and 
duplication levels by searching for arthropod Benchmarking sets of Universal Single-Copy 
Orthologs (BUSCOs; n=1,066) using BUSCO v3 (Simão et al. 2015; Waterhouse et al. 2018). 
Each de novo assembly was checked for contamination and the presence of symbiont 
genomes by generating taxon-annotated GC content-coverage plots (known as a BlobPlots) 
with BlobTools (Kumar et al. 2013; Laetsch and Blaxter 2017). Where Hi-C data was generated 
for chromosome-scale scaffolding, we carried out initial scaffolding with the 3dDNA assembly 
pipeline (Dudchenko et al. 2017), followed by manual curation with Juicebox Assembly Tools 
(JBAT; [Dudchenko et al. 2018]).  

Symbiont genomes 

In many cases bacterial symbiont genomes were co-assembled alongside their aphid hosts. 
For each species, symbiont genomes were identified in the assembly BlobPlot and removed. 
The symbiont genomes are included as separate assembly files as part of this data release, 
but we have not carried out any further curation or quality control.  

Genome annotation 

All genomes were annotated following Mathers et al. (2020b). Each genome was soft-masked 
with RepeatMasker v4.0.7 (Tarailo-Graovac and Chen 2009; Smit et al. 2015) using known 
Insecta repeats from Repbase (Bao et al. 2015) with the parameters “-e ncbi -species insecta 
-a -xsmall -gff”. RNA-seq reads were mapped to the genomes with HISAT2 v2.0.5 (Kim et al. 
2015). Un-stranded RNA-seq reads were aligned to the genomewith HISAT2 with the 
parameters “–max-intronlen 25000 –dta-cufflinks” followed by sorting and indexing with 
SAMtools v1.3 (Li et al. 2009). Strand-specific RNA-seq reads were mapped to the genomes 
similarly to the un-stranded ones, except for the addition of the HISAT2 parameter “--rna-
strandness RF”. We then ran BRAKER2 (Hoff et al. 2015, 2019) with UTR training and 
prediction enabled with the parameters “--softmasking --gff3 --UTR=on”. Strand-specific RNA-
seq alignments were split by forward and reverse strands and passed to BRAKER2 as separate 
BAM files to improve the accuracy of UTR models as recommended in the BRAKER2 
documentation. 

Phylogenomic analysis  

To place our new genome assemblies in a phylogenetic context we gathered all (to the best 
of our knowledge) previously published and publicly available Aphidinae genome assemblies 
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and combined them with our newly generated assemblies and the genome of Eriosoma 
lanigerum (Biello et al. 2021). Full details of the included genome assemblies are given in 
Table 3 (see attached files). For each genome, we searched for BUSCO Arthropoda (n = 1,066) 
genes with BUSCO v3 and extracted the annotated protein sequences. Using these data, we 
carried out phylogenetic analysis using the OrthoFinder v2.5.4 pipeline (Emms and Kelly 2015, 
2019) with the parameters “-X -M msa -S diamond -T fasttree”. The resulting species tree was 
manually rooted with E. lanigerum which belongs to the aphid subfamily Eriosomatinae 
(Biello et al. 2021). The complete OrthoFinder output including protein alignments, individual 
gene trees, the species tree and summary statistics is included in the Zenodo database (see 
attached files).  

Data description 

Below, brief descriptions of the genome assemblies and annotations of each species are 
given. The genomes in this resource have been combined from multiple projects using a 
variety of sequencing and assembly approaches. Species are grouped together where 
common methodologies were used. 

Within the Zenodo database, the frozen genome assemblies and annotations are organised 
into separate folders for each species (see attached file “Frozen_release.zip”). In each folder, 
we provide a BUSCO summary of the genome and gene set along with the following figures 
to assess the quality of each genome assembly: (i) K-mer spectra comparing Illumina short 
reads to the final assembly; (ii) order-level and genus-level BlobPlot before assembly filtering 
to show any contamination or symbionts present; and (iii) Hi-C contact map before and after 
JBAT review (if Hi-C data is present for the species in question).  

Aphis fabae JIC1 

Sampling and sequencing library preparation 

Aphis fabae individuals were sampled from a clonal lineage (dubbed JIC1) maintained at the 
JIC insectary on Vicia faba (broad bean). The isolate was originally collected from Euonymus 
europaeus (spindle) at Strumpshaw Fen (Norfolk, UK) in 2012. All DNA and RNA extractions 
were performed on bulked individuals. We prepared DNA extractions and sequencing 
libraries for amplification-free Illumina short-read and Oxford Nanopore Technologies (ONT) 
long-read sequencing following procedures described in Mathers et al. (2021). We also sent 
bulked, snap-frozen, individuals from the same colony to Dovetail Genomics (Santa Cruz, CA) 
for in vivo Hi-C library preparation and sequencing. Hi-C libraries were prepared using the 
DpnII restriction enzyme following a similar protocol to Lieberman-Aiden et al. (2009). For 
genome annotation, we extracted RNA from adult bulked un-winged asexual female 
individuals and sent it for strand-specific library preparation and sequencing at Novogene 
(China) following the procedure described in Mathers et al. (2020). 
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Sequencing results 

Genome sequence data: 26.4 Gb PCR-free Illumina short reads (250 bp PE), 16.6 Gb Oxford 
Nanopore (ONT) long reads (2 R9.4 flow cells; read length N50 = 21 Kb) and 22.3 Gb Hi-C reads 
(150 bp PE).  

Transcriptome sequence data: 16.7 Gb strand-specific RNA-seq reads (150 bp PE). 

Genome assembly 

ONT reads were base called using Guppy v2.3.1 (ONT, Oxford, UK) with the parameters “--
flowcell FLO-MIN106 --kit SQK-LSK109 --qscore_filtering --min_qscore 7” and used to 
generate de novo assemblies with Flye v2.4 (Kolmogorov et al. 2019) using default ONT 
settings and wtdgb2 v2.3 (Ruan and Li 2019) with the parameters “-x ont -p 19 -k 0 -L 15000 
“-x ont -p 19 -k 0 -L 15000”. We then merged the Flye and wtdgb2 assemblies with quickmerge 
v0.3 (Chakraborty et al. 2016) using the parameters “-l 1983372 -ml 10000 
[Flye_assembly_fasta] [wtdgb2_assembly_fasta]”. We set the “-l" flag to the N50 of the least 
contiguous input assembly (Flye) and used the Flye assembly as the “query” sequence, 
because preliminary analysis showed it to be more complete than the wtdgb2 assembly. We 
note that quickmerge assemblies predominantly contain sequence content from the “query” 
assembly. The quickmerge assembly was polished with three rounds of racon v1.3.1 (Vaser et 
al. 2017) using the ONT long reads followed by three rounds of Pilon v1.22 (Walker et al. 2014) 
using the PCR-free Illumina short reads. Redundant haplotigs were removed from the 
polished assembly based on self-alignment and coverage estimates from the ONT reads using 
purge_haplotigs (Roach et al. 2018) with the parameters “-l 6  -m 21 -h 70 -a 90”. This 
procedure resulted in a draft assembly containing 733 contigs with a span of 370 Mb (contig 
n50 = 10.3 Mb, longest contig = 43.8 Mb).   

The draft assembly was scaffolded into chromosome-scale super scaffolds using Hi-C data and 
the 3dDNA assembly pipeline followed by manual curation with JBAT. Initial runs of the 
3dDNA pipeline resulted in fragmentation of the input assembly contigs, likely due to the 
default parameters being optimised for short-read assemblies. Upon experimenting with 
different values for the “--editor-repeat-coverage” flag, the assembly generated with a value 
of 6 was carried forward based on assessment of the output contig N50 and inspection of the 
resulting Hi-C contact map. After manual curation with JBAT, we reviewed the assembly with 
BlobTools and removed scaffolds with ONT and Illumina short-read coverage less than 10x. 
We identified and removed a single high coverage (2,743x) and low GC content (17.9%) 
scaffold, 20.12 Kb in length that aligned to the M. persicae mitochondrial genome. No 
scaffolds that aligned to common aphid symbionts were identified in the assembly.  

Summary of frozen assembly and annotation 

The final assembly of A. fabae JIC1 contains 373 scaffolds, spans 368.3 Mb and contains 96.1% 
of the assembled content in four chromosome-scale super-scaffolds which correspond to the 
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expected A. fabae karyotype (2n = 8; [Marco et al. 2009]). We annotated 22,013 protein-
coding genes (24,618 transcripts).  

Aphis gossypii 1033E 

Sampling and sequencing library preparation 

Aphis gossypii individuals were sampled from a clonal lineage (dubbed 1033E) maintained at 
the JIC insectary on Gossypium sp. (cotton). High molecular weight DNA was extracted from 
a single adult individual following the procedure described in Biello et al. (2021) and sent to 
Novogene (China) for 10x genomics linked-read library preparation and sequencing. As for A. 
fabae, we also sent bulked, snap-frozen, individuals from the same colony to Dovetail 
Genomics (Santa Cruz, CA) for in vivo Hi-C library preparation and sequencing. Hi-C libraries 
were prepared using the DpnII restriction enzyme following a similar protocol to Lieberman-
Aiden et al. (2009). For genome annotation, we extracted RNA from adult bulked un-winged 
asexual female individuals and sent it for strand-specific library preparation and sequencing 
at Novogene (China) following the procedure described in Mathers et al. (2020). 

Sequencing results 

Genome sequence data: 38.7 Gb 10x genomics linked-reads (150 bp PE) and 23.3 Gb Hi-C 
reads (150 bp PE). 

Transcriptome sequence data: 19.2 Gb strand-specific RNA-seq reads (150 bp PE). 

Genome assembly 

We followed the procedure described in Biello et al. (2021) to generate a chromosome-scale 
genome assembly of A. gossypii from 10x Genomics linked-reads and in vivo Hi-C data. Briefly, 
we generated an initial de novo assembly with Supernova v2.1.1 (Weisenfeld et al. 2017) with 
the parameter “--maxreads=155760839”. To increase contiguity of the Supernova assembly 
prior to Hi-C scaffolding we carried out two rounds of linked-read scaffolding with scaff10x 
(https://github.com/wtsi-hpag/Scaff10X) with the parameters “-longread 0 -edge 40000 -
block 40000” followed by a single round of misjoin detection and scaffolding with Tigmint 
(Jackman et al. 2018) using default settings. These steps produced a draft assembly spanning 
352.4 Mb with a scaffold N50 of 3.5 Mb (contig N50 = 181.9 Kb). We scaffolded the draft 
assembly into chromosome-scale super scaffolds using our Hi-C data and the 3dDNA assembly 
pipeline with default settings, followed by manual curation with JBAT. After manual curation 
we reviewed the assembly with BlobTools and removed scaffolds with 10x genomics linked 
read coverage less than 20x. The BlobTools review identified 283 short scaffolds belonging to 
the Buchnera endosymbiont which were also removed. Additionally, we identified and 
removed 4 high coverage (315 – 420x) and low GC content (12 – 18%) scaffolds that aligned 
to the M. persicae mitochondrial genome.  
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Summary of frozen assembly and annotation 

The final assembly of A. gossypii 1033E contains 10,850 scaffolds, spans 350.5 Mb and 
contains 96.1% of the assembled content in four chromosome-scale super-scaffolds which 
correspond to the expected A. gossypii karyotype (2n = 8; [Samkaria et al. 2010]). We 
annotated 25,153 protein-coding genes (27,491 transcripts).  

Aphis rumicis 

Sampling and sequencing library preparation 

Aphis rumicis individuals were sampled from Rumex obtusifolius (broad-leaved dock) in 
Tuxford (Nottinghamshire, UK) in 2018. High molecular weight DNA was extracted from a 
single adult individual following the procedure described in Biello et al. (2021) and sent to 
Novogene (China) for 10x genomics linked-read library preparation and sequencing. We also 
extracted high molecular weight DNA from a bulked sample of adult individuals and 
generated an ONT long-read library following procedures described in Mathers et al. (2021). 
Due to insufficient samples RNA-seq data were not generated for this species.  

Sequencing results 

Genome sequence data: 33.9 Gb 10x genomics linked-reads (150 bp PE) and 6.1 Gb ONT long 
reads (1 R9.4 flow cell; read length N50 = 49 Kb).  

Genome assembly 

Limited availability of samples for this species affected are assembly strategy. We first 
attempted to assemble the 10x genomics linked reads that were derived from a single aphid 
DNA extraction. However, this resulted in an incomplete and fragmented assembly, likely 
caused by a degraded DNA sample (Supernova molecule size estimate ~2.5 Kb). Therefore, 
the remaining sampled aphids were pooled for bulk DNA extraction to generate a single ONT 
library which, upon sequencing, produced 6.1 Gb data. ONT reads were base called using 
Guppy v4.5.3 (ONT, Oxford, UK) with the Rerio model res_dna_r941_min_crf_v032.cfg 
(https://github.com/nanoporetech/rerio). Despite low coverage (~13x), we attempted de 
novo assembly with Flye v2.8.1 and obtained a highly contiguous assembly (scaffold N50 = 38 
Mb) of similar size to the closely related species A. fabae (364 Mb vs 368 Mb). Alignment of 
the A. rumicis Flye assembly to our chromosome-scale assembly of A. fabae revealed broad 
agreement with the three autosomes assembled into a small number of long scaffolds, 
including the assembly of A. fabae autosome 3 (scaffold_4) into a single scaffold (Figure 2).  
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Figure 2: Dot plot showing mash map alignment of A. rumicis Flye scaffolds (y axis) to A. fabae chromosome-
scale super scaffolds (x axis). A. fabae chromosomes and scaffolds are ordered from longest to shortest. The first 
scaffold corresponds to the X chromosome.  

The A. rumicis Flye assembly was polished with three rounds of Pilon v1.22 using the 10x 
genomics linked reads. The polished assembly was checked for contamination with BlobTools. 
We identified and removed three scaffolds belonging to obligate endosymbiont Buchnera 
aphidicola (one 635 Kb chromosome and two plasmids) and three scaffolds belonging to 
Serratia symbiotica (one long 1.72 Mb scaffold and two shorter scaffolds of 96 Kb and 59 Kb). 
We also removed eight low coverage scaffolds (<15x mean linked read coverage) that were 
likely contamination and a single high coverage (1,934x mean linked read coverage), low GC 
content (16%) scaffold that aligned to the M. persicae mitochondrial genome.  

Summary of frozen assembly and annotation 

The final assembly of A. rumicis contains 243 scaffolds and spans 362.7 Mb with an N50 length 
of 38.1 Mb (contig N50 = 6.3 Mb). Alignment of the A. rumicis scaffolds to our A. fabae 
chromosome-scale assembly reveals that the three autosomes are contained in between 1 
and 5 scaffolds each. This assembly shows that highly contiguous long-read assemblies of 
Aphis species are possible with relatively low coverage (~13x) ONT data. In this instance, the 
low heterozygosity (see KAT K-mer spectra in assembly release) of the wild-caught isolate 
likely contributed to the high contiguity of the assembly.  
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Aphis thalictri 

Sampling and sequencing library preparation 

Aphis thalictri individuals were sampled from Thalictrum ‘Anne’ (Thalictrum rochebrunianum 
x Thalictrum flavum ssp. Glaucum; ornamental meadow-rue variety) in Retford 
(Nottinghamshire, UK) in 2019.  As for A. fabae, we prepared high molecular weight DNA 
extractions and two ONT libraries. Additionally, to generate accurate Illumina short reads for 
assembly polishing, DNA from a single adult asexual female was extracted and sent to 
Novogene for standard PCR-based Illumina sequencing. To aid genome annotation, RNA from 
adult bulked un-winged asexual female individuals was extracted and sent to Novogene for 
strand-specific library preparation and sequencing following the procedure described in 
Mathers et al. (2020). 

Sequencing results 

Genome sequence data: 20.8 Gb Illumina short reads (150 bp PE), 13.2 Gb ONT long reads (2 
R9.4 flow cells; read length N50 = 22 Kb).  

Transcriptome sequence data: 16.6 Gb strand-specific RNA-seq reads (150 bp PE). 

Genome assembly 

ONT reads were base called using Guppy v4.5.2 (ONT, Oxford, UK) with the parameters “--
flowcell FLO-MIN106 --kit SQK-LSK109”. We generated de novo ONT assemblies with Flye 
v2.8.1 and NECAT v0.0.1 (Chen et al. 2021) using default settings. The Flye and NECAT 
assemblies were then merged with quickmerge v0.3 using the parameters “-l 8205039 -ml 
10000 [Flye_assembly_fasta] [NECAT_assembly_fasta]”. We set the “-l" flag to the N50 of the 
least contiguous input assembly (NECAT) and used the Flye assembly as the “query” sequence 
as preliminary analysis showed it to be more complete than the NECAT assembly. Summary 
statistics calculated with abyss-fac (Jackman et al. 2017) for the Flye, NECAT and merged 
assemblies are given in the table below: 

 

Quickmerge generated a highly contiguous assembly (contig N50 = 37.3 Mb, longest contig > 
100 Mb). To validate the quickmerge assembly we aligned it to our new chromosome-scale 
assembly of the closely related species A. fabae using mash map (Jain et al. 2018) with the 
parameters “-f one-to-one -s 50000” (Figure 3). This revealed high levels of synteny, 
supporting the accuracy of the A. thalictri quickmerge contigs. Indeed, we find that the third 
longest scaffold (chromosome) in the A. fabae assembly is assembled as a single contig in A. 
thalictri that aligns well along its full length. 
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Figure 3: Dot plot showing mash map alignment of A. thalictri quickmerge contigs (y axis) to A. fabae 
chromosome-scale super scaffolds (x axis). A. fabae chromosomes and scaffolds are ordered from longest to 
shortest. The first scaffold corresponds to the X chromosome.  

Next, we polished the quickmerge assembly with three rounds of Pilon v1.22 using Illumina 
short reads. The polished assembly was checked for contamination with BlobTools. We 
identified and removed six contigs belonging to the Buchnera endosymbiont and five high 
coverage (360 – 784x) and low GC content (15 – 18%) contigs that aligned to the M. persicae 
mitochondrial genome. We also removed short low coverage (<10x Illumina) and high GC 
content (>50%) contigs that likely correspond to contamination.  

Summary of frozen assembly and annotation 

The final assembly of A. thalictri contains 351 contigs and spans 363 Mb with an N50 length 
of 37 Mb. Alignment of the A. thalictri contigs to our A. fabae chromosome-scale assembly 
reveals that the three autosomes are contained in between 1 and 3 contigs each. We 
annotated 20,364 protein-coding genes (22,591 transcripts). 
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Brevicoryne brassicae JIC1 

Sampling and sequencing library preparation 

Brevicoryne brassicae individuals were sampled from a clonal lineage (dubbed JIC1) 
maintained at the JIC insectary on Brassica rapa (Chinese cabbage). Following the procedure 
described in Mathers et al. (2020), DNA was extracted from a single individual and sent to 
Novogene where an amplification-free Illumina sequencing library was prepared with a target 
insert size of 500 – 1000 bp. We also extracted high molecular weight DNA from a second 
individual following the procedure described in Biello et al. (2021) and sent it to Novogene 
where a 10x genomics link-read library was prepared. Additionally, bulked, snap-frozen, 
individuals from the same colony were sent to Dovetail Genomics (Santa Cruz, CA) for in vivo 
Hi-C library preparation and sequencing. Hi-C libraries were prepared using the DpnII 
restriction enzyme following a similar protocol to Lieberman-Aiden et al. (2009).  

Sequencing results 

Genome sequence data: 32.3 Gb PCR-free Illumina short reads (250 bp PE), 37.7 Gb 10x 
genomics linked-reads (150 bp PE) and 21.1 Gb Hi-C reads (150 bp PE). 

Transcriptome sequence data: The previously published high coverage un-stranded RNA-seq 
library SRR5030749 [Drurey et al. 2017]). 

Genome assembly 

We generated an initial de novo assembly of the B. brassicae genome using our PCR-free 
Illumina short reads following the procedure described in Mathers et al. (2020). Briefly, we 
assembled the PCR-free Illumina reads with Discovar de novo 
(https://software.broadinstitute.org/software/discovar/blog/), removed haplotigs based on 
K-mer analysis as described in Mathers et al. (2020) and scaffolded the de-duplicated 
assembly using our RNA-seq data with P_RNA_scaffodler (Zhu et al. 2018). This initial draft 
assembly was then screened for contamination with BlobTools. We identified 3 scaffolds 
corresponding to the obligate endosymbiont Buchnera aphidicola (one long 643 Kb scaffold 
flagged as circular by Discovar, and two shorter scaffolds of 7.9 Kb and 3.7 Kb). Additional low 
coverage scaffolds were identified as probably derived from Poales by BlobTools and were 
removed as well as other low coverage scaffolds (<18x PCR-free Illumina coverage). Finally, 
we removed nine high coverage (1342x – 3469x PCR-free Illumina coverage) and low GC 
content (11% - 20%) scaffolds that aligned to the M. persicae mitochondrial genome. 
Following removal of putative contamination, the assembly spans 355 Mb with a scaffold N50 
length of 96 Kb (contig N50 = 40 Kb). 

Following the initial assembly based on PCR-free Illumina reads, we also generated 10x 
Genomics linked reads from a second individual derived from the same JIC insectary colony. 
We attempted de novo assembly of these data with Supernova but this resulted in an 
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assembly with excessive duplicated content. We therefore used the 10x genomics linked-
reads to further scaffold our draft assembly. Two rounds of linked-read scaffolding with 
scaff10x with the parameters “-longread 0 -edge 40000 -block 40000” were carried out 
followed by a single round of mis-join detection and scaffolding with Tigmint using default 
settings. These steps increased scaffold N50 to 725 Kb, with the longest scaffold spanning 6.4 
Mb. Finally, this assembly was further scaffolded into chromosome-scale super scaffolds 
using our Hi-C data (also derived from the same JIC insectary colony) with the 3dDNA 
assembly pipeline with default settings, followed by manual curation with JBAT. 

Summary of frozen assembly and annotation 

The final assembly of B. brassicae JIC1 contains 15,790 scaffolds, spans 355.8 Mb and contains 
87.3% of the assembled content in eight chromosome-scale super-scaffolds which 
correspond to the expected B. brassicae karyotype (2n = 16; [Giannini et al. 2003]). We 
annotated 20,219 protein-coding genes (22,367 transcripts).  

Diuraphis noxia SAM and Metopolophium dirhodum 

Sampling and sequencing library preparation 

Diuraphis noxia individuals were sampled from a clonal lineage (dubbed Biotype SAM) 
maintained at the Stellenbosch University insectary on Triticum aestivum (bread wheat 
cultivar ‘TugelaDN’). The colony was originally collected from dryland wheat near Bethlehem 
in the Free State Province, South Africa, in 2001.  Metopolophium dirhodum individuals were 
sampled from a clonal lineage (dubbed UK035) maintained at the JIC insectary on Avena 
sativa (oats). The M. dirhodum colony was originally collected from a rose bush in Norwich in 
2015. For each species, following the procedure described in Mathers et al. (2020), DNA was 
extracted from a single individual and sent to Novogene (China) where an amplification-free 
Illumina sequencing library was prepared with a target insert size of 500 – 1000 bp. RNA was 
extracted from adult bulked un-winged asexual female individuals of M. dirhodum and sent 
for strand-specific library preparation and sequencing at Novogene (China) following the 
procedure described in Mathers et al. (2020).  

Sequencing results 

Genome sequence data: 26.9 Gb and 23.9 GB PCR-free Illumina short reads (250 bp PE) for D. 
noxia SAM and M. dirhodum, respectively. 

Transcriptome sequence data: For M. dirhodum, 15.6 Gb strand-specific RNA-seq reads (150 
bp PE). For D. noxia SAM, previously published un-stranded RNA-seq data (Nicholson et al. 
2015). 
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Genome assembly 

We generated de novo assemblies of D. noxia SAM and M. dirhodum using our PCR-free 
Illumina short reads following the procedure described in Mathers et al. (2020) and as 
described above for B. brassicae. For both species, we assembled the obligate endosymbiont 
Buchnera aphidicola into a single scaffold flagged as circular by Discovar de novo (636 Kb long 
for D. noxia SAM and 642 Kb long for M. dirhodum) plus additional scaffolds corresponding 
to known Buchnera plasmids. For M. dirhodum, we also identified scaffolds corresponding to 
the secondary symbiont Regiella insecticola. M. dirhodum R. insecticola scaffolds spanned 
~2.5 Mb which is similar to the reported genome size of an R. insecticola isolate from pea 
aphid (Nikoh et al. 2020), indicating we have likely assembled the complete genome of this 
bacterium. For both species, we removed symbiont scaffolds, additional low coverage 
contamination and high coverage, low GC content scaffolds that aligned to the M. persicae 
mitochondrial genome. Following removal of contamination, we carried out additional 
haplotig removal on both assemblies using purge_dups (Guan et al. 2020) with scaffold 
coverage estimated from mapping our PCR-free Illumina libraries to each species with BWA 
mem v0.7.7 (Li 2013) and assembly self-alignment with minimap v2.16 (Li 2018) with the 
parameters “-xasm5 -DP”. For D. noxia SAM, scaffold coverage cutoffs for purge_dups were 
estimated automatically using the recommended pipeline. For M. dirhodum, we set manual 
coverage cutoffs with the calcuts script supplied with purge_dups with the parameters “-l 5 -
m 25 -u 90 “.  

Summary of frozen assembly and annotation 

The final assembly of D. noxia SAM contains 22,513 scaffolds and spans 344 Mb with a scaffold 
N50 length of 59 Kb (contig N50 = 32 kb). The final assembly of M. dirhodum contains 24,973 
scaffolds and spans 387 Mb with a scaffold N50 length of 52 Kb (contig N50 = 36 Kb). In total, 
we annotated 20,717 genes (23,246) in D. noxia SAM and 22,349 genes (24,826) in M. 
dirhodum. 

We note that a different isolate of D. noxia has previously been assembled using a 
combination of Illumina short reads and Illumina mate-pair libraries (Nicholson et al. 2015). 
However, this assembly has a low contig N50 (14 Kb) and contains 25% Ns. Furthermore, K-
mer analysis vs the Illumina short reads used for the assembly (SRR1214581 - SRR1214584) 
reveals substantial missing genome content (Figure 4a). Although still highly fragmented, our 
new assembly of D. noxia SAM is substantially more contiguous at the contig level and is 
highly complete (Figure 4b). 
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Figure 4: KAT k-mer spectra comparing K-mer content of D. noxia genome assemblies to K-mer content of the 
Illumina short reads used for each assembly. (a) D. noxia biotype 2 v1 vs SRR1214581 - SRR1214584. (b) D. noxia 
SAM v1.1 vs PCR-free Illumina short reads generated for this resource.  

Myzus, Brachycaudus and Phorodon genomes 

Sampling and sequencing library preparation 

We sampled seven species from the genera Myzus, Brachycaudus and Phorodon which are 
all closely related to the model aphid generalist crop pest Myzus persicae.  Sampled species 
are summarised below:  

 

We extracted DNA from single individuals of each species following the procedure described 
in Mathers et al. (2020). Using these DNA extractions, we generated amplification-free 
Illumina sequencing libraries with a procedure modified for low DNA input and to give an 
insert size of between 500 bp and 1,000 bp. A minimum of 56 ng of DNA was sheared in a 
30 µl volume on a Covaris S2 (Covaris, Massachusetts, USA) for 1 cycle of 45 seconds with a 
duty cycle of 10%, cycles per burst of 200 and intensity of 5. Post fragmentation, 30 µl 10mM 
Tris- HCl, pH 8 was added to the DNA, and then 55 µl of this mixture added to 35 µl of Kapa 
beads (Kapa Biosystems, London, UK) and mixed to precipitate the DNA onto the beads with 
many molecules <350 bp remaining in solution. DNA was then washed twice with 70% ethanol 
and then eluted in 25µl Nuclease free water (Qiagen, Manchester, UK). The fragmented and 
size selected DNA molecules were end repaired and A tailed in 30 µl volume using the Kapa 
Hyper Prep Kit (Kapa) incubating the reaction at 20 ⁰C for 30 minutes then 65 ⁰C for 30 
minutes. To the A tailed library molecules 1µl of an appropriate Illumina TruSeq Index adapter 
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(Illumina, San Diego, USA) diluted 1 in 4 with an oligo annealing buffer (10mM Tris- HCl, 1mM 
EDTA, 50mM NaCl) was added and mixed then 15 µl of Kapa Hyper Prep ligation buffer, 5 µl 
of ligase and 4 µl of nuclease free water added and the mixture incubated at 20⁰C for 20m. 

Following adapter ligation, two 1x Kapa bead clean ups were performed to remove any 
adapter dimer molecules that may have formed during the adapter ligation step with the final 
library being eluted in 25µl 10mM Tris- HCl, pH 8. Library QC was performed by running a 1µl 
aliquot on a High Sensitivity BioAnalyser chip (Agilent, Stockport, UK) and the DNA 
concentration measured using the High Sensitivity Qubit (Thermo Fisher, Cambridge, UK). To 
determine the number of viable library molecules the library was subjected to quantification 
by the Kappa qPCR Illumina quantification kit (Kapa) and then sequenced at Earlham Institute 
(Norwich, UK) on the Hiseq2500 (Illumina) with a 2x250bp read metric loading at 9 pM based 
on the qPCR quantification and a predicted fragment size of 600 bp. 

For Phorodon humulli, we also sent bulked, snap-frozen, individuals to Dovetail Genomics 
(Santa Cruz, CA) for in vivo Hi-C library preparation and sequencing. Hi-C libraries were 
prepared using the DpnII restriction enzyme following a similar protocol to Lieberman-Aiden 
et al. (2009). 

For genome annotation, we extracted RNA from adult bulked un-winged asexual female 
individuals for each species and sent it for un-stranded RNA-seq library preparation and 
sequencing at Earlham Institute (Norwich, UK) following the procedure described in Mathers 
et al. (2019) with the exception that the libraries were sequenced on an Illumina Hiseq2500 
(Illumina) with the 2x125bp read metric.  

Sequencing results 

Genome sequence data: Between 18.5 and 49.4 Gb PCR-free Illumina short reads (250 bp PE) 
for each species and 29.4 Gb Hi-C reads for P. humulli (150 bp PE). 

Transcriptome sequence data: 9.2 - 17.3 Gb un-stranded RNA-seq reads (125 bp PE) for each 
species. 

Full details for each species are given in Table 2 (see attached files). 

Genome assembly 

We followed the procedure described in Mathers et al. (2020) to generate de novo assemblies 
of each species. Briefly, we assembled the PCR-free Illumina reads with Discovar de novo 
(https://software.broadinstitute.org/software/discovar/blog/), removed haplotigs based on 
K-mer analysis as described in Mathers et al. (2020) and scaffolded the de-duplicated 
assembly using our RNA-seq data with P_RNA_scaffolder (Zhu et al. 2018). The assemblies 
were then checked for contamination with BlobTools. In all cases we assembled the genome 
of the obligate endosymbiont Buchnera aphidicola into a single scaffold flagged as circular by 
Discovar de novo (635 – 645 Kb long) plus additional scaffolds corresponding to known 
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Buchnera plasmids. In several cases we also assembled secondary symbiont genomes. For 
each species we removed symbiont scaffolds, additional low coverage contamination and 
high coverage, low GC content scaffolds that aligned to the M. persicae mitochondrial 
genome. For P. humuli, we further scaffolded the filtered draft assembly into chromosome-
scale super scaffolds using in vivo Hi-C data.  

Summary of frozen assembly and annotation 

Assembly and annotation statistics are summarised in the table below. For P. humuli, 92% of 
the assembled genome content is contained in six chromosome-scale super scaffolds that 
correspond to the expected karyotype based on the closely related species Phorodon 
cannabis (2n =12; [Khagta and Gautam 2016]).  

 

Macrosiphum albifrons  

Sampling and sequencing library preparation 

Macrosiphum albifrons individuals were sampled from Lupinus 'Masterpiece' in Tuxford 
(Nottinghamshire, UK) in 2019. High molecular weight DNA was extracted from a single adult 
individual following the procedure described in Biello et al. (2021) and used to generate a 
TELL-seq linked-read library (Chen et al. 2020) following the manufacturers protocol 
(https://www.universalsequencing.com/protocol-gate). We also extracted high molecular 
weight DNA from bulked samples of individuals from the same colony and prepared four ONT 
libraries as per A. fabae above. Finally, to enable chromosome-scale scaffolding we sent a 
further bulked sample of individuals from the same colony to Phase Genomics (Seattle, USA) 
who prepared and sequenced an in vivo Hi-C library. For genome annotation, we extracted 
RNA from adult bulked un-winged asexual female individuals and sent it for strand-specific 
library preparation and sequencing at Novogene (China) following the procedure described 
in Mathers et al. (2020). 

Sequencing results 

Genome sequence data: 37.2 Gb TELL-seq linked reads (150 bp PE), 22.6 Gb Oxford Nanopore 
(ONT) long reads (4 R9.4 flow cells; read length N50 = 22 Kb) and 34.4 Gb Hi-C reads (150 bp 
PE).  

Transcriptome sequence data: 16 Gb strand-specific RNA-seq reads (150 bp PE). 

Species Assembly size (Mb) Number of scaffolds Scaffold N50 (Mb) Contig N50 (Mb) Number of genes Number of transcripts
Brachycaudus cardui 347.4 15,055 0.19 0.1 19,443 21,768
Brachycaudus helichrysi 336.1 14,857 0.17 0.11 17,556 19,585
Brachycaudus klugkisti 342.5 15,105 0.1 0.05 22,328 24,739
Myzus ligustri 350 17,355 0.07 0.04 20,046 22,100
Myzus lythri 327.8 10,894 0.23 0.15 16,567 18,796
Myzus varians 328 8,197 0.24 0.12 17,019 19,250
Phorodon humuli 329.9 8,449 59.7 0.11 17,068 19,444
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Genome assembly 

ONT reads were base called using Guppy v4.5.2 (ONT, Oxford, UK) with the parameters “--
flowcell FLO-MIN106 --kit SQK-LSK109 --qscore_filtering --min_qscore 7” and used to 
generate an initial de novo assembly with Flye v2.8.1 with default parameters. The Flye 
assembly was polished with three rounds of Pilon v1.22 using the TELL-seq linked reads. We 
removed haplotigs from the polished assembly using purge_dups with scaffold coverage 
estimated from mapping our ONT long reads with minimap v2.16 using the parameter “-x 
map-ont” and assembly self-alignment with minimap v2.16 (Li 2018) with the parameters “-
xasm5 -DP”. Scaffold coverage cutoffs for purge_dups were estimated automatically using 
the recommended pipeline. We then scaffolded the draft assembly into chromosome-scale 
super scaffolds using our in vivo Hi-C data with the 3dDNA assembly pipeline with default 
settings, followed by manual curation with JBAT. The assembly was checked for 
contamination with BlobTools. We identified and removed six scaffolds belonging to obligate 
endosymbiont Buchnera aphidicola (spanning 202 Kb) and single scaffold belonging to the 
secondary symbiont Hamiltonella defensa (spanning 2.2 Mb). We also removed a short (~1 
Kb) scaffold that aligns to the Hamiltonella bacteria phage APSE-1 (likely a partial assembly) 
and 29 scaffolds with low coverage (<10x mean linked read coverage) and / or high GC content 
(>50%). No mitochondria derived scaffolds were identified in the assembly.  

Summary of frozen assembly and annotation 

The final assembly of M. albifrons contains 1,309 scaffolds (scaffold N50 = 86.8 Mb; contig 
N50 = 1.1 Mb), spans 553.6 Mb and contains 97.6% of the assembled content in five 
chromosome-scale super-scaffolds which correspond to the expected M. albifrons karyotype 
(2n = 10; [Blackman 1980]). We annotated 31,036 protein-coding genes (33,505 transcripts).  

Rhopalosiphum padi JIC1 and Sitobion avenae multi-species Hi-C assembly 

Sampling and sequencing library preparation 

For the chromosome-scale assemblies of Rhopalosiphum padi and Sitobion avenae, we 
experimented with using mixed species Hi-C data to reduce library preparation costs. We 
pooled R. padi and S. avenae individuals from clonally reproducing colonies maintained at the 
JIC Insectary and sent the resulting sample to Dovetail Genomics (Santa Cruz, CA) for Hi-C 
library preparation. As nuclei are cross-linked in vivo during Hi-C library preparation species-
specific chromatin conformation information is maintained for each species allowing a single 
library to be used to scaffold multiple species (Marbouty et al. 2014). Furthermore, high 
sequence divergence between S. avenae and R. padi (Aphidini vs Macrosyphini synonymous 
site divergence = ~34% [Mathers et al. 2021]) minimises the chance of Hi-C reads mismapping 
between the two species.  

For each species we also generated Illumina sequence libraries to generate de novo 
assemblies to scaffold with our multi-species Hi-C data. Procedures described in Biello et al. 
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(2021) were followed by extracting high molecular weight DNA from a single individual and 
sending this to Novogene for 10x genomics link-read sequencing. Procedures described in 
Mathers et al. (2020) were used for S. avenae by extracting DNA from a single individual and 
sending this to Novogene for amplification-free Illumina sequencing with a library target 
insert size of 500 – 1000 bp.  

For S. avenae genome annotation, RNA extracted from adult bulked un-winged asexual 
female individuals was sent for strand-specific library preparation and sequencing at 
Novogene following the procedure described in Mathers et al. (2020).   

Sequencing results 

Genome sequence data: 20.7 Gb multi-species Hi-C data (150 bp PE); 45.8 Gb 10x genomics 
linked-reads (150 bp PE) for R. padi; 30.1 Gb PCR-free Illumina short reads (250 bp PE) for S. 
avenae. 

Transcriptome sequence data: 14.8 Gb strand-specific RNA-seq reads (150 bp PE) for S. 
avenae. Publicly available un-stranded RNA-seq data from Thorpe et al. (2016) for R. padi 
genome annotation. 

Genome assembly 

For R. padi, we generated an initial de novo assembly with Supernova v2.1.1 with the 
parameter “--maxreads=143797524”. To increase contiguity of the Supernova assembly prior 
to Hi-C scaffolding we carried out two rounds of linked-read scaffolding with scaff10x with 
the parameters “-longread 0 -edge 45000 -block 45000” followed by a single round of misjoin 
detection and scaffolding with Tigmint using default settings. These steps produced a draft 
assembly spanning 317 Mb with a scaffold N50 of 8.7 Mb (contig N50 = 256 Kb).  

For S. avenae, we generated an initial de novo assembly using our PCR-free Illumina short 
reads following the procedure described in Mathers et al. (2020) and as described above for 
B. brassicae. We screened the short-read assembly for contamination with BlobTools and 
identified three circular scaffolds corresponding to the chromosome (636 Kb long) and two 
plasmids of the obligate endosymbiont Buchnera aphidicola. We also, removed low coverage 
contamination (scaffolds < 15x coverage). These steps produced a draft assembly spanning 
397.2 Mb with a scaffold N50 of 56 Kb (contig N50 = 37 Kb).  

We scaffolded both assemblies using the same multi-species Hi-C library with the 3dDNA 
assembly pipeline (with default settings) followed by manual curation with JBAT. For R. padi, 
we screened the resulting chromosome-scale assembly for contamination with BlobTools and 
identified a fragmented assembly (159 short scaffolds) of the obligate endosymbiont 
Buchnera which was removed from the final assembly. We also removed low coverage 
contamination (< 20x coverage) and two short high coverage, low GC content fragments of 
the mitochondrial genome. For S. avenae, following manual curation of the 3dDNA assembly, 
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we removed additional duplicated content (haplotigs) from the assembly with the 
purge_dups pipeline with scaffold coverage estimated from mapping the PCR-free Illumina 
library with BWA mem v0.7.7 and assembly self-alignment with minimap v2.16 with the 
parameters “-xasm5 -DP”, coverage cutoffs were estimated automatically using the calcuts 
script.  

Summary of frozen assemblies and annotations 

The final assembly of R. padi spans 316 Mb with a scaffold N50 size of 89 Mb (contig N50 = 
257. Kb) and contains 95% of the assembled content in four chromosome-scale super 
scaffolds which correspond to the expected R. padi karyotype (2n = 8 [Monti et al. 2010]). In 
total, we annotated 16,977 protein-coding genes (19,137 transcripts). 

The final assembly of S. avenae spans 369 Mb with a scaffold N50 of 29 Mb (contig N50 = 40 
Kb) and contains 74% of the assembled content in nine chromosome-scale super-scaffolds 
which correspond to the expected S. avenae karyotype (2n = 18; [Celis et al. 1997]). In total, 
we annotated 19,919 protein-coding genes (22,368 transcripts). 

Reassembly of Sitobion miscanthi 

We found evidence of substantial scaffolding errors in the published Sitobion miscanthi 
genome. In particular, alignment of the S. miscanthi v1 assembly with chromosomes of the 
closely related model aphid A. pisum (Mathers et al. 2021) reveals fragmentation of the X 
chromosome into three chunks as well as substantial rearrangement of the autosomes 
(Figure 5). This is unexpected as we, and others, have recently shown long-term conservation 
of aphid X chromosome structure across divergent lineages (Li et al. 2020; Mathers et al. 
2021). Visual inspection of the Simis_v1 Hi-C contact map shows multiple off diagonal Hi-C 
contacts (Figure 6) that are indicative of large-scale assembly error within scaffolds 
(Dudchenko et al. 2018; Howe et al. 2021). Furthermore, several scaffolds show regions that 
have very low contact frequencies with adjacent sequence in the scaffold, potentially 
indicating incorrect assignment of scaffold start and end points. Taken together, these 
analyses suggest that the assembled chromosomes of Simis_v1 are likely to be inaccurate.   
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Supplementary Figure 1: Dot plot showing whole genome alignment of the Sitobion miscanthi v1 (y-axis; 
Simis_v1) and Acyrthosiphon pisum JIC1 v1 (x-axis; Acpis_JIC1_v1) genome assemblies. Simis_v1 scaffolds are 
ordered along the Acpis_JIC1_v1 assembly. For clarity, only chromosome scale genomic scaffolds are aligned. 
The x- and y-axis show cumulative scaffold length in Mb. The alignment was carried out with MashMap (Jain et 
al. 2018) and visualised with D-Genies (Cabanettes and Klopp 2018).  
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Figure 6: New chromosome-scale assemblies of S. miscanthi and S. avenae show conserved synteny. (a) Hi-C 
contact map for the S. miscanthi v1 genome assembly. Blue lines show chromosome-scale super scaffolds. 
Genomic scaffolds are ordered from longest to shortest with the x- and y-axis showing cumulative length in 
millions of base pairs (Mb). (b) Hi-C contact map for the S. miscanthi v2 genome assembly. Green lines show 
contigs. (c) Hi-C contact map for the S. avenae v2.1 genome assembly. (d) Dot plot showing a MashMap (Jain et 
al. 2018) whole genome alignment between the S. miscanthi v2 and S. avenae v2.1 genome assemblies. For 
clarity, only chromosome-scale scaffolds are included. The x- and y-axis show cumulative scaffold length in Mb. 

Genome assembly 

We reassembled the S. miscanthi genome using the published sequence data (Jiang et al. 
2019). These data include PacBio long-reads (85x coverage), Illumina short-reads (105x 
coverage) and in vivo Hi-C data (76x coverage). We generated de novo assemblies of the 
PacBio long reads with Flye v2.8.1 using default PacBio settings (“--pacbio-raw”) and wtdgb2 
v2.3 with default parameters. The wtdgb2 assembly was subjected to a single round of long-
read polishing with wtpoa-cns based on minimap v2.14 PacBio read alignments carried out 
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with the parameter “-ax map-pb”. The Flye and wtdgb2 assemblies were then merged with 
quickmerge v0.3 using the parameters “-l 1256119 -ml 10000 [Flye_assembly_fasta] 
[wtdgb2_assembly_fasta]”. The “-l” flag was conservatively set to the N50 of wtdbg2 
assembly as the Flye assembly had an N50 below 1 Mb (scaffold N50 = 583 Kb) and low values 
of “-l” may lead to increased misjoins. We used the Flye assembly as the “query” sequence 
because preliminary analysis showed it to be more complete than the wtdgb2 assembly and 
quickmerge assemblies predominantly contain sequence content from the “query” assembly. 
We then polished the quickmerge assembly with a single round of long-read polishing using 
the Flye assembly polisher and PacBio reads followed by three rounds of Pilon v1.22 using the 
Illumina short reads. Redundant haplotigs were removed from the polished assembly using 
purge_dups. For purge_dups, scaffold coverage was estimated by mapping the PacBio long 
reads with mininmap v2.16 with the parameter “-x map-pb” and assembly self-alignment was 
carried out with minimap v2.16 with the parameter “-xasm5 -DP”. Scaffold coverage cutoffs 
for purge_dups were estimated automatically using the calcuts script.  

We scaffolded the draft assembly into chromosome-scale super scaffolds using the published 
Hi-C data with the 3dDNA assembly pipeline with default settings, followed by manual 
curation with JBAT. We found that the Hi-C library had low resolution resulting in sub-optimal 
scaffolding performance by 3dDNA. However, 3dDNA first assembles the input assembly into 
a single super-scaffold before breaking the assembly into putative chromosome-scale 
fragments. Inspection of the initial round of scaffolding revealed sufficient signal to manually 
assemble the S. miscanthi chromosomes in JBAT (Figure 6b). We screened the resulting 
assembly for contamination with BlobTools and identified and removed two scaffolds 
belonging to the obligate Buchnera endosymbiont and additional scaffolds with low coverage 
(<30x Illumina short-read converge).  

Summary of frozen assembly and annotation 

The final assembly of S. miscanthi spans 403 Mb with a scaffold N50 of 37.5 Mb (contig N50 
= 1.9 Mb) and contains 95% of the assembled content in nine chromosome-scale super-
scaffolds which correspond to the expected S. avenae karyotype (2n = 18; [Celis et al. 1997]). 
Whole genome alignment of our new S. miscanthi assembly and the chromosome-scale 
assembly of S. avenae reveals broad structural agreement (Figure 6d). In total, we annotated 
21,798 protein-coding genes (23,875 transcripts). 
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