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Supplemental Methods 
 
Estimation of genome size and heterozygosity level 
All Illumina reads from the male minifish were trimmed to remove adapter and poor quality 
sequences. These trimmed reads were used to generate a k-mer copy number (KCN) profile using 
the Jellyfish v2.2.6 program (56). We used several k-mer values ranging from 15 to 31. At a k-
mer value of 17, the k-mer frequency distribution showed two distinct peaks (fig. S8). Hence 
genome size was estimated at k-mer=17 using the Lander-Waterman method (57) and was found 
to be 420 Mb. The heterozygosity level was estimated using the KCN distribution at k-mer=17 
and GenomeScope programme (58) and was found to be 0.5%. 
 
Genome assembly 
Whole-genome assembly was performed using DISCOVAR de novo v52488 (59). The male and 
female minifish genome assemblies were generated using quality-filtered Illumina paired-end 
reads totaling 69 Gb (164× genome coverage) and 87 Gb (208× genome coverage), respectively. 
The genome assemblies generated contained several highly identical copies of contigs 
representing two copies of the alleles. An in-house Perl script was developed for removing such 
allelic duplicates whereby all contig sequences were compared against each other using the 
MegaBLAST module (60) with the following threshold values: word size = 100, E-value =10-8, 
coverage = 80% and identity = 90%. In the resulting non-redundant contig set, many contigs pairs 
were found to overlap. Such overlapping contigs with more than 92% identity, minimum 20% 
overhang with an overlap length of above 100 bp were joined using CAP3 programme (61).  
 
Scaffolding using Chicago library. High molecular weight genomic DNA from male and female 
minifish was used to prepare Dovetail Chicago® libraries (Dovetail Genomics, Santa Cruz, CA) 
and approximately 142 million read pairs of length 101 bp were generated for each minifish. The 
contig level assemblies were scaffolded using the Dovetail Chicago library reads with the HiRise 
scaffolding programme (62). 
 
Gap filling using super-reads 
The trimmed Illumina paired-end reads from each minifish were assembled using MaSuRCA 
v3.2.4 (63) to generate super-reads. This program generated ~7 million super-reads with N50 



length of 870 bp and ~10 million super-reads with N50 length of 780 bp for the male and female 
minifish, respectively. These super-reads were used to fill gaps in the scaffold-level assembly 
using the PBJelly program from PBsuite v15.8.24 (64). The final genome assembly statistics for 
male and female minifish are shown in Table S1. 
 
RNA-seq 
Total RNA was extracted from a male and a female minifish using the TRIzol reagent 
(Invitrogen, Carlsbad, USA), treated with DNase I (TaKaRa Bio Inc, Shiga, Japan) followed by 
purification using the RNeasy Mini Kit (QIAGEN, Hilden, Germany). An RNA-seq library was 
constructed for each minifish using the Ribo-Zero Gold reagent and ScriptSeq v2 Library 
Preparation Kit (Epicentre, Madison, USA). The library quality and quantity were analyzed on an 
Agilent 2100 Bioanalyzer. Sequencing was performed on an Illumina NextSeq 500. A total of 
167 and 169 million paired-end reads of 150 bp length were generated for the male and female 
minifish, respectively. Sequences were quality filtered for low-quality bases and adapter content 
using Trimmomatic v2.2.30 (65). The filtered reads were assembled de novo using Trinity v2-2-
26 (66), which generated approximately 0.8 and 1 million transcripts for the male and female 
minifish, respectively. In order to reduce redundancy in the transcriptome assembly, transcripts 
were clustered using CD-HIT v4.6.1 at 98% identity (67). The clustered transcripts were 
subjected to BLASTX search against 25,638 zebrafish protein sequences obtained from the 
Ensembl database (68) with an E-value cut-off of 10e-7. Those proteins showing at least 80% of 
the query coverage were considered as full-length proteins. All transcripts as well as full-length 
protein sequences (4,416 for male minifish and 4,325 for female minifish) were used for genome 
annotation. 
 
Evaluation of assembly completeness 
The Benchmarking Universal Single-Copy Orthologs (BUSCO) version 3.0 (69) and 4,584 
Actinopterygii gene set from OrthoDB v9 were used to evaluate the completeness of the male and 
female genome assemblies. BUSCO results for the two assemblies are shown in Table S1. These 
results show that approximately 5.5% of BUSCO genes are missing from these assemblies.  
 
Repeat content prediction 
Repeat sequences were predicted de novo in the male minifish genome assembly using 
RepeatModeller v1.0.10 (ref. (70). Approximately 1,370 specific repeat families were identified 
including some unknown repeat classes. These classes were further annotated using TEclass 
v2.1.3 program (71). This de novo repeat library was combined with a known repeat library for 
‘Cypriniformes’ which was obtained from RepBase.v.22 (72). These repeats were screened 
against zebrafish proteins using Blastx (E-value 10e-20) to identify and remove any potential 
protein-coding sequences. The final set of repeat sequences contained 2,868 repeat elements. This 
repeat library and RepeatMasker v4.0.7 (73) program were used to mask both genome assemblies 
and the results are reported in Table S2. The overall repeat content in the male and female 
minifish genome assemblies is approximately 27%. 
 
Genome annotation 



For both genomes, evidence-based gene prediction was performed followed by ab initio gene 
prediction using the MAKER pipeline v2.31.963 (74). For the evidence-based annotation step, we 
used a protein dataset containing proteins from Lepisosteus oculatus, Ictalurus punctatus, 
Oreochromis niloticus, Xiphophorus maculatus, Danio rerio and Oryzias latipes that were 
downloaded from NCBI. This dataset was filtered for proteins with keywords ‘low quality 
proteins’ and ‘partial’ in their descriptions. The final dataset contained around 124,000 proteins. 
We also used CD-HIT clustered transcripts and full-length protein datasets prepared for both the 
genomes during this step. The gene models obtained from the MAKER run were used to train 
AUGUSTUS v3.2.3 program (75). The hint files generated during evidence-based maker 
annotation were used as input to facilitate the gene prediction process and to calculate the 
Annotation Edit Distance (AED) score. Predicted protein sequences that had an AED score ≤0.6 
or had no similarity to any protein in the NCBI-NR protein database (BLASTP; E-value: 10e-7) 
or had similarity to “low-complexity” proteins were removed from the final set. We predicted 
20,013 and 18,003 protein-coding genes in the male and female minifish genome assemblies, 
respectively. 
 
Identification of immune gene elements 
Homology searches were carried out using the BLAST suite of algorithms 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) using nucleotide and protein sequences of three gene 
families (immunoglobulin, T cell receptor, and MHC) of zebrafish, a closely related cyprinid 
species; the positions of individual elements on the two genome assemblies were recorded. 
Additional elements were identified using the sequences of minifish transcripts for these three 
gene families and incorporated into the final dictionaries of V, D, and J elements. Homologs of 
other immune-related genes were identified in transcriptomes and genome assemblies using the 
zebrafish sequences as baits. The deduced protein sequences of these genes are listed below. 
 
>tdt 
MFQALRKRRQAEGTPTRVGSEVKFSHVTLYLVERKMGTSRRNFLSDLARSKGFYVDNTLSGRVTHVVSEGNSDLELWKW
LEDKGFREKLGQKVLDINWFTESMSAGRPVNVETRHLIRNPCGETKPCMLSSKPNPEPFVSPYACKRTTPLQNHNKNLT
DALEVLAQNSEFIGNTGPCLAFLRAVSVLKSLPTALSRLEDAQYLPCLGKHSNAIIEEIFKFGASSKVEEILNDERYLT
LKLFNSVFGVGPKTAESWYCQGLRTFEHVLTEPRVKLNRMQMAGFMFYDDITEPVSRTEAGVVQMMVEEAVGQINSTAT
VAITGGFRRGKDCGHDVDFLIKTLQAGQEDGLLPAIIQTFKRQNILLYSDYQPSTLGGKQLPSRRFEAMDHFHKCFLIV
KVKRVWTSPEGSDGAANRDWKAIRVDLVAPPLECFAYALLGWTGSTMFDRDLRRFARLERGKLLDNHALYDKATNSFIP
ALTEEDIFNHLGLEFIEPWQRNA 
 
>cd4_1 
MDRTRMFWIVAFLAFQVVKAEDPTVIYAQVGGTVILPRVTKLVEKNLYVNWKSNTSKLEISRNPQSDNIKKEHASHTSN
FSLQLSPVKESDFGKWVCEMHILNTKYKEEYILRRVTVPSDSAVMVGNSVTLKCDVEKSSVSAVTVKWXPPVNSHCSDX
NLNTDAGKLEXKSVSRCHSGEWTCEVKYSQRKAEAKTTVSVIDLSPNPQDPMYVSESSPLVTIPCSLTSKTPWSVLLEH
GLQGGSWSFTPFTDQPDQKAVTLLSLALGPAVSWNVSAGADADVQGKLLKDQDLSMERAPSRKIRGTYTCSLTFTSKTL
SSLVNVEVLHVSSSSNRVQEGVNLTCSLGRPLPADVQLKWKCPSCSSSEAKPTGVKTIDLPTVHDNGKWTCELWKNEEM
LTSAYLQINIGKPPVNVGLWWSVGIGCGSVVIVLLVVIXVMVIRRRKQMMMYRRHKTKFCCCENSQQKKGFYKT 
 
>cd4_2 
MLAVKLLVFLLAVCVIPGESTVLYVQAGADASLVCNVPENSDMEWRFNNVLIFKVNGKTGTKIKGTSRLSNIEKSKLAG
STLKIFKVNKDDSGEYSCTRTNDKMILRVVSVFVKPHNPVLKSSDAELHCEISGDPEAKVEWLKPPNGIKQSTTNQVLH
LKSVRAEDQGLWSCKVNDLTMTIQLTLIDLTTKNATVPLGGDIQLPCSLTGSSHRVIGGKWSAHHNSAIAFPTLDDTGG
LRWKGQSSSKVAFSSEQLNTDFSITLKNVQKQDAGIYVCSVEFDTVVLKAEMNLKVLRSSSSDYNEQSIAGTTKTPVVW
SNFFKDYSRNTLGLPLWAWVALGVGSVVLMVLTGLILVILRRNRRVKVRGRRTMRKPLTDQDYCQCHKY> 
 
>cd8a 



MPHFFSFFFLLFCAACVTFSLGSARVRAGGEASVRCDPSLSSSVFWFRITRAGPEYLLTVRPGKDPVPSDQQNIQFISG
EKSVKILGFRADTDAGVYSCFSINNNQLKFGEATEVHAEAEPSSAPVTQKKTTSLPPTTTPCQCKTQKAALLKCESWIF
YSLVSGCLFLFLLLIFTIITCNRLRTRRCPHHYQRRRPEKLPDGRF 
 
>cd8b 
<CEGVVQDIYPGINSTHTLTCDCSDSTCQDVFWFRLLPHSQSLQFLAFANSGGRVQRAEVATRFNTSSAGVRLTSFSLH
LMRLQEEDSALYACFLRASHALYGFRVSVGGQRSIARTGRGCGCRPGVGVVGCEPRVLWWGGGAVLALTLVLLATLFYF
SRLPRKCRHQFLKTNQLR 
 
>cd79a 
MWTEQTSACENVSSGRKTEIILKADQPFRRVAVFREVTIRCCYECPAKPRVTWIVNTITSNGTTQLELVPLSDELEASE
ITQGDSVCSQLVFKSVRLWHMGLYRCFLNHTQYVSTISHGTFLQVYEPLEKTLNLSENVKNSIITAEAVLLLLCLLFPG
TVLLCKSKRLNELQKRKEREEENIYEGLNLDDCNSAYHPIRRSNMQGTYQDVASCGERIQLEKP 
 
>cd79b 
MLHLLMRCSVLALLHLSAGVQLYQKPRFVGVRPGRSVTIYCVWQKSLPAYVEWSKARTNTDQKQTLLINPRMTLLNKIT
NASITIRRVIMEDSGIYFCRMNGTEGPGTELQVSRHSDPQSVLKRSRVKDVIIVFQGILLILCLVVPLVRFKSLDKKEE
IVYEEPEDDHTYEGLNVDQCGCDLYEDISAFAMSPDQACEVEYPNQE 
 
>aicda 
MISKLDSVLMTQKKFIFHYKNMRWARGRHETYLCFVVKRRTGPDSLSFDFGHLRNRTGCHVELLFLRYLGVLCPGLLGS
SDGERLCYSVTWFCSWSPCFKCAQHLARFLEDTTNLRLRIFVSRLYFCDDEDSVEREGLRHLKSAGVTITVMAYKDYFY
CWKTFVARRQRSFKAWEGLQENSVRLGRKLNQILQASETEDLGESFALLGL 
 
>foxp3_version_a 
<PTLKEEPDSSSLESSSEVVVEWFNTFALQLGRPASDSLSSRHRLLHLVLQESGAGQFRPSVLRSTALRLDAKDSRSST
INRKDKGHNRQIPGQNDGINQSRKPFPNIPSHNPVQFEGQSCLCVNGQCCWPGCDKLIEGQQDFSSHLNRDHSPNDRTI
AQCRLQRDLVRHMESQLSQEKQRLSAMQLHLQLFHHLASHAGASASCCRPLALNMPLWEEPDGRAGRAREALAPHKHGH
MPRPQLMPDLISSVEYYKHSNVRPPYTYAFLIRWSILDSPEKQQTLNDIYNWFTLMFYYFRHSTPTWKNAVRHNLSLHK
CFVRVDGRTGAVWTVDEEEFQKRKGQKINRDFTFKWMTPVAPSPFHMTSNESVKSDDSH 
 
>foxp3_version_b 
<RARTEMDKAQTRVPQLRPSVLRKGNQPFPQDAQTDQTGIVQLSSDQHKDHFVTHAAASCHKQSNLEQTEKHQYGVPGL
LCVEGQCRWPGCPKSKEVFREYIQFLRHLVTDHCHGDRSLAQLKMQRDKVQYLEFQLMVERQKFKAMQLHLTSIKPNTE
PAYCMEEPEHLKDIVPPAAFQKSRDAHDSEKVTADALAQRNWHISTSPVIPGIIPSFEYYKYTNIRPPFTYASMIRWAI
LESTEKQLTLNEIYHWFAHMFFYFRHNTATWKNAVRHNLSLHKCFVRVEGKKGSVWTVDEEEYHKRKGQKFQRDQGIGW
MTPFHVFPFALQGETLQM 
 
>foxn1 
MSSEVAGLAFLSLSSGRSSTPSPEQPGICCFKMPESKCQRMLVGEALAPCSQKESIVGEKSGVCERFRRHSVDGSLGKQ
DFSLPESSHYHPYRRQYSEGSIPEVEPFSCVTTAEGVEEQSPWTPLCTNRETSSFMGSQQPYDELETESEEASGYTTFN
HQTYNSPLQQQLFSSRGINNVSHYFNQSLSSQTSPDSSAQTLYPKPVYSYSILIFLALRNSKTGSLPVSEIYSFMTEHF
PYFKTAPDGWKNSVRHNLSLNKCFEKIENKNGSSSRKGCLWALNPAKVEKMQEELHKWRRKDPLTVRRSMARPEELERL
LGERPEKVKSFGAHFSLSSSHNHSQSSRIGLHPIYGQQSVQDTSVQHQKPLFNCLPSQNVLQPPPYSDPSAFSYYSPIS
QLPCTGHPSSPGPACLDSPLPAHTPPNYSSTLQAGHGTAGSIQLLMEGEISNDIDALNPSLTDLQLNGNLWEALRNDSL
TPDSLVVLEMPPAPPPQLGLGVYSLSAGEMETDDGVQGSMSEMYLTGPRTHMFSNVDNLASLLSSSGNTPIPLL 
 
>foxn4 
MIESGITSRMSGIQENPGQTQHGSALDYRLLTTDPSQLKDDLPGDLQSLSWLTSVDVPRLQQMRAGQSDFSSSAQTSLM
ERQTGPMNNMAAVAGAASSLHLQSEMQHSPLAISSMPQFSPGFPCAASMFQTTPQQVLTFTQTNQQCSQSGLYGNYTSP
NLFPQPRLTAHNQELQPKTFPKPIYSYSCLIAMALKNSKSGSLPVSEIYSFMKEHFPYFKTAPDGWKNSVRHNLSLNKC
FEKVENKMSGSSRKGCLWALNPAKIDKMEEEMQKWKRKDLPAIRRSMANPDELDKLITDRPESCRQKAADVVDISRLSS
CPAPQMQPVVTLSLQCLPMHQHLQMQIQSQSRPAPVSPAAAQTPPLHSALHHPAKQHGPDFYAMHSEAHSEVDALDPSI
MDFSWQGNLWEDMKDDSFNLEALGTLSNSPLRLSDCDLDTGSAASVPGAYPDLYSSYAAVEALTHPYISTQGGTKPIIL
L 
 
>tlx1 
MDLMGAHLHQNHADTISFGIDQILSNAEQGSCMISNPRMQDLDYGLGCIVSTAYNTMTGNYNVNNSTGYNGNSCNVATL
GGSYNMNVGTNVNGNCLNSSGVIRVPAHRPLSNVHSSIPTNSATVPGMGSMGTINNLTGLTFPWMESNRRYTKDRFTVA
LSPFTVTRRIGHPYQNRTPPKKKKPRTSFTRLQICELEKRFHRQKYLASAERAALAKALKMTDAQVKTWFQNRRTKWRR
QTAEEREAERQQANRILMQLQQEAFQKSMNQPVTPDPICLHNSSLFALQNLQPWTENTAKISSVPNTD 
 

 
  



 
Supplementary Fig. 1. Diversity and usage of Va/d elements. (A) Phylogenetic tree of variable 
gene elements at the nucleotide level of zebrafish (31) and minifish. V genes of zebrafish and 
minifish cluster together, indicating that – when compared to zebrafish – all V families are 
affected by gene loss in minifish. (B) Usage of individual Va/d elements in tcra and tcrd 
assemblies. The color code represents the categorization indicated by the key. 
  



 

 
Supplementary Fig. 2. Structural characteristics of igm assemblies. (A) Examples of partial 
nucleotide sequences of CDR3 regions with individual elements indicated by font color; the 
sequences of the genomic precursors of the assemblies are shown at the top, with heptamer 
sequences of their corresponding recombination signal sequences are underlined. N nucleotides 
are highlighted with yellow shading, P-nucleotides in blue shading. (B) Length (L, in nucleotide) 
distribution of CDR3 regions; clonotypes (top panel) and adjusted for frequency (bottom panel). 
The CDR3 region is operationally defined as the sequences occurring between and including the 
characteristic C-terminal cysteine of V elements and the characteristic tryptophan residue in J 
region sequences. (C) Clonal distributions of clonotypes from a single individual (fish #5) 
represented in quintiles. Note that the skewed representation of clonotypes in the repertoire may 
be influenced by the presence of plasma cells, which are known to produce large quantities of 
mRNA. 



 
 

 
 
Supplementary Fig. 3. Structural characteristics of tcr assemblies. Examples of partial 
nucleotide sequences of CDR3 regions of the four types of tcr assemblies with individual 
elements indicated by font color; the sequences of the genomic precursors of the assemblies are 
shown at the top, with heptamer sequences of their corresponding recombination signal sequences 
are underlined. N nucleotides are highlighted with yellow shading, P-nucleotides in blue shading. 
Note that most tcra assemblies do not show evidence of N-region addition; as is the case for tcrg, 
the limited combinatorial diversity of the tcrd chain is greatly expanded by N region-mediated 
diversification of the CDR3 regions; this is particularly true for assemblies with two Dd elements 
and the corresponding three N regions.  



 
Supplementary Fig. 4. Size distribution of CDR3 regions of tcr assemblies. Length (L, in 
nucleotide) distribution of CDR3 regions of the four types of tcr assemblies; clonotypes (top 
panels) and adjusted for frequency (bottom panels). Note that the weighted distributions of tcrg 
and, in particular, of tcrd are severely skewed. In tcr assemblies, the CDR3 region is 
operationally defined as the sequences occurring between and including the characteristic C-
terminal cysteine of V elements and the characteristic phenylalanine residue in J region 
sequences. 
  



 
 
Supplementary Fig. 5. Usage of variable gene elements in tcra and tcrb assemblies. (A, B) 
Heatmaps illustrating the usage of different variable and joining elements (rows) for tcra (A) and 
tcrb (B) assemblies compared across the four individual fish (columns). The scale represents the 
fraction of UMI counts. (C) Mutual information (MI) and joint information (JI) for V-J 
combinations is given in bits. 
  



 
 
Supplementary Fig. 6. Characterisation of mhc genes. (A) Number of different mhc sequences 
identified in transcriptomes and genome assemblies in four independent individuals. The numbers 
of all mhc1-like genes other than mhc1z are shown. (B) Examples of partial mhc sequences 
demonstrating that the four individuals examined with respect to antigen receptor assemblies in 
this study are genetically dissimilar. The residues predicted to contact antigenic peptides are 
indicated by "P" (76). 
  



 

 
 
 
Supplementary Fig. 7. Stability of igh antigen receptor networks. The degree of 
network connectivity is a measure of network structure; the cumulative frequency 
distributions are shifted to the left, if removal of nodes reduces network connectivity. In 
this analysis, two thirds of public CDR3 clonotypes and the same number of non-public 
sequences were randomly removed (indicated above each panel) from the collection of 
nodes (40 iterations) of four fish. Removal of public sequences has a more drastic effect 
than removal of non-public sequences; the differences are statistically significant (Mann-
Whitney U test) (fish 2, P=8.8 x 10-15; fish 3, P=1.3 x 10-14; fish 4, P=1.9 x 10-16; fish 5, 
P=1.1 x 10-14). 
 



 
Supplementary Fig. 8. k-mer plot of the male minifish genome. This plot shows the 
distribution of k-mer copy number (KCN) at k=17. For better visualization, only KCN values 
between 3 and 100 are shown. 
 
 
 

 

  



 

 

Supplementary Table 1. Characteristics of minifish genome assemblies. 
  

 
Male minifish genome Female minifish genome 

Assembly statistics  

Number of scaffolds 2,827 2,969 

Assembly size (Mb) 402.75 403.68 

N50 scaffold length (Mb) 7.35 11.03 

L50 scaffold count 13 13 

Longest scaffold (Mb) 27.48 27.91 

No. of contigs 25,040 25,951 

N50 contig (Kb) 42.83 36.31 

BUSCO analysis  

Complete and single copy genes 

(number; %) 
4,058 (88.53) 4,056 (88.52) 

Complete and duplicated genes 

(number; %) 
155 (3.38) 154 (3.36) 

Fragmented genes 122 (2.66) 117 (2.55) 

Total BUSCOs present 4,335 (94.57) 4,333 (94.52) 

Missing BUSCOs 249 (5.43) 251 (5.48) 



 

 

 
 Male  Female 

Repeat type 
No. of 

elements 

Length 

(Mb) 
% 

No. of elements Length 

(Mb) 

 

% 

SINEs 53,092 7.5 1.87 53,267 5.7 1.41 

LINEs 89,400 14.4 3.6 89,181 14.5 3.59 

LTR elements 60,245 10.6 2.65 59,643 10.8 2.69 

Transposable 

elements 
294,767 49.1 12.2 

293,167 49.6 12.28 

Unclassified 16,941 2.5 0.63 33,137 45.1 1.12 

Simple repeats 351,077 20.8 5.17 351,950 21.1 5.23 

Satellites 4,319 0.5 0.13 4,298 0.6 0.14 

Small RNA 131 0.02 0 128 0.01 0 

Low complexity 33,026 2.6 0.64 32,894 2.6 0.65 

Total 918,590 108.2 26.86 917,665 109.4 27.11 

 

Supplementary Table 2. Repeat content in genome assemblies. 

  



 
 

 
 
 
Supplementary Table 3. RNA_seq read statistics.  Total reads, total reads generated in the 
indicated experiment; Reads UMI present, number of reads containing UMI sequence; Reads 
Constant region, reads containing constant region sequence; Reads mapped to V at least 3x, only 
reads mapping to a V element at least three times were kept for further analysis; cDNA, number 
of distinct cDNA molecules.   



 
 
 
Publicity tcra tcrb tcrg tcrd igm 
1 3,418 4,457 390 1,036 8,343 
2 766 335 94 45 815 
3 257 43 36 8 216 
4 75 5 5 3 49 
 
Supplementary Table 4. Publicity of tcr and igm assemblies. Unique clonotypes for each of 
the indicated gene assemblies are tabulated as follows: unique to any of the four individuals 
(publicity 1), or, shared by at least two (publicity 2), at least three (publicity 3), or all four 
individuals (publicity 4). Note that the total numbers of tcra and tcrb (17), and igm (18,19), 
clonotypes are much higher than previously reported for zebrafish, illustrating the sampling 
problem associated with the repertoire analysis of fish larger than minifish. 
 
 
  



 
 
Supplementary Table S5. Network characteristics. mean degree, mean degree of connectivity of a node; 
max degree, maximum degree of connectivity of a node;  max csize; maximum size of cluster; mean csize; 
mean size of cluster; fraction of largest component; fraction of nodes in largest cluster; max diam; 
maximum diameter of any cluster. The network parameters were determined as described in (53). 
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