
Journal of Heredity, 2022, 113, 641–648
https://doi.org/10.1093/jhered/esac048
Advance access publication 3 September 2022
Genome Resources

Received Agst 2, 2022;  Accepted September 2, 2022

Genome Resources

Reference genome of the rubber boa, Charina bottae 
(Serpentes: Boidae)
Jesse L. Grismer1, , Merly Escalona2, , Courtney Miller3, , Eric Beraut4, , Colin W. Fairbairn4, 
Mohan P.A. Marimuthu5, , Oanh Nguyen5, , Erin Toffelmier3, , Ian J. Wang6,7, ,  
H. Bradley Shaffer3,8,

1Department of Biology, La Sierra University, Riverside, CA, United States, 
2Department of Biomolecular Engineering, University of California, Santa Cruz, Santa Cruz, CA, United States, 
3Department of Ecology & Evolutionary Biology, University of California, Los Angeles, Los Angeles, CA, United States, 
4Department of Ecology and Evolutionary Biology, University of California, Santa Cruz, Santa Cruz, CA, United States, 
5DNA Technologies and Expression Analysis Core Laboratory, Genome Center, University of California, Davis, Davis, CA, United States, 
6Department of Environmental Science, Policy, and Management, University of California, Berkeley, Berkeley, CA, United States, 
7Museum of Vertebrate Zoology, University of California, Berkeley, Berkeley, CA, United States, 
8La Kretz Center for California Conservation Science, Institute of the Environment and Sustainability, University of California, Los Angeles, Los 
Angeles, CA, United States
Address correspondence to J.L. Grismer at the address above, or e-mail: jgrismer@lasierra.edu.

Corresponding Editor: Rachel Meyer

Abstract 
The rubber boa, Charina bottae is a semi-fossorial, cold-temperature adapted snake that ranges across the wetter and cooler ecoregions of the 
California Floristic Province. The rubber boa is 1 of 2 species in the family Boidae native to California and currently has 2 recognized subspecies, 
the Northern rubber boa C. bottae bottae and the Southern rubber boa C. bottae umbratica. Recent genomic work on C. bottae indicates that 
these 2 subspecies are collectively composed of 4 divergent lineages that separated during the late Miocene. Analysis of habitat suitability 
indicates that C. bottae umbratica montane sky-island populations from southern California will lose the majority of their habit over the next 70 
yr, and is listed as Threatened under the California Endangered Species Act. Here, we report a new, chromosome-level assembly of C. bottae 
bottae as part of the California Conservation Genomics Project (CCGP). Consistent with the reference genome strategy of the CCGP, we used 
Pacific Biosciences HiFi long reads and Hi-C chromatin-proximity sequencing technology to produce a de novo assembled genome. The as-
sembly comprises 289 scaffolds covering 1,804,944,895 bp, has a contig N50 of 37.3 Mb, a scaffold N50 of 97 Mb, and BUSCO completeness 
score of 96.3%, and represents the first reference genome for the Boidae snake family. This genome will enable studies of genetic differentia-
tion and connectivity among C. bottae bottae and C. bottae umbratica populations across California and help manage locally endemic lineages 
as they confront challenges from human-induced climate warming, droughts, and wildfires across California.
Key words: Boidae, California Conservation Genomics Project, CCGP, Charininae, conservation genetics, sky-island

Introduction
The rbber bo, Charina bottae (Blinville 1835), is  cold-
tempertre nd moistre-dpted semi-fossoril snke spe-
cies tht rnges from British Colmbi, Cnd to sothern 
Cliforni in the sothwest, nd estwrd to Uth, Wyoming, 
nd Montn (Stewrt 1977; Stebbins 2003). Crrently, 
there re 2 sbspecies tht re generlly recognized within 
Charina (Fig. 1), the Northern rbber bo C. bottae bottae 
(Vn Denbrgh 1920) nd the Sothern rbber bo C. 
bottae umbratica (Klber 1943), the ltter of which is listed 
s thretened nder the Cliforni Endngered Species Act 
(Stewrt 1977; Rodrígez-Robles et l. 2001; CDFG 2005; 
Grismer et l. 2022). A recent rnge-wide RADseq nlysis 
recovered 4 deeply divergent geogrphic lineges within 
Charina tht re conned to the Pcic Northwest nd 

Gret Bsin (PGB), costl Cliforni, the Sierr Nevd 
Montins, nd sothern Cliforni (Grismer et l. 2022). C.
bottae bottae is crrently composed of the Costl Cliforni, 
Sierr Nevd Montins, nd PGB lineges, while C. bottae 
umbratica contins mltiple frgmented montne sky-islnd 
popltions representing the Sothern Cliforni linege 
(Rodrígez-Robles et l. 2001; Grismer et l. 2022). These C. 
bottae umbratica montin isoltes occr in lpine hbitts 
exclsively bove 1,800 m in elevtion nd rnge from 
Breckenridge Montin in estern Kern Conty, CA soth-
estwrd to the Sn Jcinto Montins in Riverside Conty 
(Rodrígez-Robles et l. 2001; Grismer et l. 2022).

There re mny co-distribted cold-tempertre nd 
moistre-dpted species with vrying levels of genetic 
sbstrctring tht occr cross the sme wetter microhbitts 
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nd ecoregions of Cliforni. Unfortntely, their ntrl 
histories nd ecologicl reqirements render them prticlrly 
vlnerble to the effects of ftre climte chnge (Minnich 
nd Frnco-Vizcíno 2005; Vndgergst et l. 2008; Devit et 
l. 2013; Grismer et l. 2022). Since 1972 there hs been n 
increse in nnl tempertres, nd droghts, nd wildre 
freqency cross Cliforni stemming from hmn-indced 
wrming (Abtzoglo et l. 2016; Westerling 2018; Willims 
et l. 2019). Mny of these threts hve hevily impcted 
forested nd montne ecosystems, nd species models of f-
tre hbitt stbility indictes tht mny C. bottae umbratica 
popltions nd other sky-islnd species sothern Cliforni 
tht cold lose the mjority of sitble hbitt over the next 
70 yr (Devitt et l. 2013; Willims et l. 2019; Grismer et 
l. 2022). In sothern Cliforni, these montne sky-islnds 
re the only res tht spport these cold-tempertre nd 
moistre-dpted species, nd represent  niqe ecosystem 
in the region. Unfortntely, climte-relted threts hve 
the potentil to impct their ftre integrity nd the hbitt 
specilists tht in hbiting them (Brehme et l. 2011; Syphrd 
et l. 2016; Trcey et l. 2018).

Here, we report the rst chromosome-level genome s-
sembly for C. bottae, seqenced nd ssembled s prt of the 
Cliforni Conservtion Genomics Project (CCGP) (Shffer 
et l. 2022). This is the third of 15 reptiles, nd second of 7 
snke species reference genomes constrcted for the CCGP 
(Todd et l. 2022; Wood et l. 2022). This genome ssembly 
will provide the rst genome for the fmily Boide nd the 
Chrinine sbfmily. This genome will be  fondtionl re-
sorce for ftre stdies on the conservtion, ecophysiology, 
biogeogrphy, nd txonomy of C. bottae.

Methods
Biological materials
An dlt mle C. bottae bottae ws collected on 11/25/2021 
(HBS 135849: HB Shffer permit SCP 2480) from 
Skyline Bolevrd in Sn Mteo Conty, CA (37.492778, 
−122.366528). Liver, skeletl mscle, hert, brin, intestine, 
testis, nd kidney tisses were hrvested, nd sh frozen, nd 
the specimen ws formlin xed nd will be deposited t the 

Fig. 1. (A) Northern rubber boa Charina bottae bottae. (B) Southern rubber boa, Charina bottae umbratica. (C) Rocky alpine habitats of Charina. (D) 
Distribution of the 2 Charina subspecies.
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Msem of Vertebrte Zoology t the University of Cliforni, 
Berkeley. This smple is from the Costl Cliforni linege of 
C. bottae bottae which contins the type loclity for C. bottae.

Nucleic acid library extraction
We extrcted high moleclr weight (HMW) DNA from 
38  mg of liver tisse (HBS135849) sing the Nnobind 
Tisse Big DNA kit (Pcic BioSciences), following the 
mnfctrer’s instrctions. We ssessed DNA prity sing 
bsorbnce rtios (260/280 = 1.84 nd 260/230 = 2.34) on  
NnoDrop ND-1000 spectrophotometer. We qntied DNA 
yield (234 ng/µl; 45.6 µg totl) sing  Qnts Florometer 
(QntiFlor ONE dsDNA Dye ssy, Promeg). We 
estimted the size distribtion of the HMW DNA sing the 
Femto Plse system (Agilent) nd fond tht >86% of the 
DNA frgments were >125 kb.

Nucleic acid library preparation
The HiFi SMRTbell librry ws constrcted sing the 
SMRTbell Express Templte Prep Kit v2.0 (PcBio, Ct. 
#100-938-900) ccording to the mnfctrer’s instrctions. 
HMW gDNA ws shered to  trget DNA size distribtion 
between 15 nd 20 kb. The shered gDNA ws concentrted 
sing 0.45× of AMPre PB beds (Pcic Biosciences—
PcBio, Menlo Prk, CA; Ct. #100-265-900) for the removl 
of single-strnd overhngs t 37 °C for 15 min, followed by 
frther enzymtic steps of DNA dmge repir t 37 °C for 
30 min, end repir nd A-tiling t 20 °C for 10 min nd 
65 °C for 30 min, ligtion of overhng dpter v3 t 20 °C 
for 60 min nd 65 °C for 10 min to inctivte the ligse, 
then nclese treted t 37 °C for 1 h. The SMRTbell librry 
ws pried nd concentrted with 0.45× Ampre PB beds 
(PcBio, Ct. #100-265-900) for size selection sing the 
BlePippin/PippinHT system (Sge Science, Beverly, MA; Ct. 
#BLF7510/HPE7510) to collect frgments greter thn 7 to 
9 kb. The 15 to 20 kb verge HiFi SMRTbell librry ws 
seqenced t UC Dvis DNA Technologies Core (Dvis, CA) 
sing 2 8M SMRT cells, Seqel II seqencing chemistry 2.0, 
nd 30-h movies ech on  PcBio Seqel II seqencer.

Omni-C library preparation and sequencing
The Omni-C librry ws prepred sing the Dovetil Omni-C 
Kit (Dovetil Genomics, CA) ccording to the mnfctrer’s 
protocol with slight modictions. First, specimen tisse ws 
thoroghly grond with  mortr nd pestle while cooled 
with liqid nitrogen. Sbseqently, chromtin ws xed in 
plce in the ncles. The sspended chromtin soltion ws 
then pssed throgh 100 nd 40 µm cell striners to remove 
lrge debris. Fixed chromtin ws digested nder vrios 
conditions of DNse I ntil  sitble frgment length distri-
btion of DNA molecles ws obtined. Chromtin ends were 
repired nd ligted to  biotinylted bridge dpter followed 
by proximity ligtion of dpter contining ends. After prox-
imity ligtion, crosslinks were reversed, nd the DNA pried 
from proteins. Pried DNA ws treted to remove biotin 
tht ws not internl to ligted frgments, nd n NGS li-
brry ws generted sing n NEB Ultr II DNA Librry 
Prep kit (NEB, Ipswich, MA) with n Illmin comptible 
y-dptor. Biotin-contining frgments were then cptred 
sing streptvidin beds, nd the postcptre prodct ws 
split into 2 replictes prior to PCR enrichment to preserve 
librry complexity with ech replicte receiving niqe dl 

indices. The librry ws seqenced on n Illmin NovSeq 
pltform to generte pproximtely 100 million 2 × 150 bp 
red pirs per GB genome size.

Nuclear genome assembly
We ssembled the rbber bo genome following the CCGP 
ssembly pipeline Version 4.0, s otlined in Tble 1. As with 
other CCGP ssemblies, or gol is to prodce  high-qlity 
nd highly contigos ssembly sing PcBio HiFi reds 
nd Omni-C dt while minimizing mnl crtion. We 
removed remnnt dpter seqences from the PcBio HiFi 
dtset sing HiFiAdpterFilt (Sim et l. 2022) nd obtined 
the initil  dl or prtilly phsed diploid ssembly (http://
lh3.githb.io/2021/10/10/introdcing-dl-ssembly) sing 
HiFism (Cheng et l. 2021). We tgged otpt hplotype 1 
s the primry ssembly, nd otpt hplotype 2 s the l-
ternte ssembly. We scffolded both ssemblies sing the 
Omni-C dt with SALSA (Ghrye et l. 2017, 2019).

We generted Omni-C contct mps for both ssemblies 
by ligning the Omni-C dt ginst the corresponding s-
sembly with BWA-MEM (Li 2013), identied ligtion 
jnctions, nd generted Omni-C pirs sing pirtools 
(Goloborodko et l. 2018). We generted  mltiresoltion 
Omni-C mtrix with cooler (Abdennr nd Mirny 2020) 
nd blnced it with hicExplorer (Rmírez et l. 2018) nd 
vislized the contct mps with HiGlss (Kerpedjiev et l. 
2018) nd the PretextSite (https://githb.com/wtsi-hpg/
PretextView; https://githb.com/wtsi-hpg/PretextMp; 
https://githb.com/wtsi-hpg/PretextSnpshot) to vislize 
the contct mps. We checked the contct mps for mjor 
misssemblies, nd mnlly ct the ssemblies t the gps 
where misssemblies were fond. No frther joins were mde 
fter this step. Using the PcBio HiFi reds nd YAGCloser 
(https://githb.com/merlyesclon/ygcloser), we closed some 
of the remining gps generted dring scffolding. We then 
checked for contmintion sing the BlobToolKit Frmework 
(Chllis et l. 2020). Finlly, we trimmed remnnts of se-
qence dptors nd mitochondril contmintion identied 
dring the contmintion screening performed by NCBI.

Mitochondrial genome assembly
We ssembled the mitochondril genome of C. bottae from 
the PcBio HiFi reds sing the reference-gided pipeline 
MitoHiFi [Version 2] (https://githb.com/mrcellino/
MitoHiFi; Allio et l. 2020). The mitochondril seqence of 
Eryx tataricus (NCBI:MN646174.1) ws sed s the strting 
reference seqence. After completion of the ncler genome, 
we serched for mtches of the reslting mitochondril s-
sembly seqence in the ncler genome ssembly sing 
BLAST+ (Cmcho et l. 2009) nd ltered ot contigs nd 
scffolds from the ncler genome with  percentge of se-
qence identity >99% nd size smller thn the mitochon-
dril ssembly seqence.

Genome size estimation and quality assessment
We generted k-mer conts from the PcBio HiFi reds sing 
meryl (https://githb.com/mrbl/meryl). The k-mer dtbse 
ws then sed in GenomeScope2.0 (Rnllo-Benvidez et l. 
2020) to estimte genome fetres inclding genome size, het-
erozygosity, nd repet content. To obtin generl contigity 
metrics, we rn QUAST (Grevich et l. 2013). To evlte 
genome qlity nd completeness we sed BUSCO (Simao 
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et l. 2015; Seppey et l. 2019; Mnni et l. 2021) with 
the tetrpod ortholog dtbse (tetrpod_odb10) which 
contins 5,310 genes. Assessment of bse level ccrcy (QV) 
nd k-mer completeness ws performed sing the previosly 
generted meryl dtbse nd merqry (Rhie et l. 2020). We 
frther estimted genome ssembly ccrcy vi BUSCO gene 
set frmeshift nlysis sing the pipeline described in Korlch 
et l. (2017).

Mesrements of the size of the phsed blocks re bsed on 
the size of the contigs generted by HiFism on HiC mode (initil 
diploid ssembly). We follow the qlity metric nomencltre 
estblished by Rhie et l. (2021), with the genome qlity code 
x·y·P·Q·C, where x = log10[contig NG50]; y = log10[scffold 
NG50]; P = log10[phsed block NG50]; Q = Phred bse c-
crcy QV (qlity vle); C = % genome represented by the 
rst “n” scffolds, following  known kryotype 2n = 36 for C. 
bottae (Gormn nd Gress 1970). Qlity metrics for the not-
tion were clclted on the primry ssembly.

Results
The Omni-C nd PcBio HiFi seqencing librries generted 
123.5 million red pirs nd 3.5 million reds, respectively. 

The ltter yielded ~30-fold coverge (N50 red length 
15,171 bp; minimm red length 71 bp; men red length 
15,089 bp; mximm red length of 48,995 bp) bsed on the 
GenomeScope 2.0 genome size estimtion of 1.7 Gb. Bsed on 
PcBio HiFi reds, we estimted 0.141% seqencing error rte 
nd 0.221% ncleotide heterozygosity rte. The k-mer spec-
trm bsed on PcBio HiFi reds (Fig. 2A) show  bimodl 
distribtion with 2 mjor peks t 15- nd 30-fold coverge, 
where peks correspond to homozygos nd heterozygos 
sttes of  diploid species. The distribtion presented in this 
k-mer spectrm spports tht of  low heterozygosity prole.

The nl ssembly (rChBot1) consists of 2 psedo 
hplotypes, primry nd lternte, nd both genome sizes re 
similr to the estimted vle from GenomeScope 2.0 (Fig. 
2A). The primry ssembly consists of 289 scffolds spnning 
1.8 b with contig N50 of 37.3 Mb, scffold N50 of 97 Mb, 
longest contig of 150.2 Mb nd lrgest scffold of 254.5 Mb. 
On the other hnd, the lternte ssembly consists of 224 
scffolds, spnning 1.7 Mb with contig N50 of 38.5 Mb, scf-
fold N50 of 107.2 Mb, longest contig 113 Mb, nd lrgest 
scffold of 198.8 Mb. Assembly sttistics re reported in tb-
lr form in Tble 2, nd grphicl representtion for the pri-
mry ssembly in Fig. 2B.

Table 1. Assembly pipeline and software used.

Assembly Software and optionsa Version 

Filtering PcBio HiFi dpters HiFiAdpterFilt Commit 64d1c7b

K-mer conting Meryl (k = 21) 1

Estimtion of genome size nd heterozygosity GenomeScope 2

De novo ssembly (contiging) HiFism (Hi-C Mode, –primry, otpt p_ctg.hp1, p_ctg.hp2) 0.16.1-r375

Scffolding

  Omni-C scffolding SALSA (-DNASE, -i 20, -p yes) 2

  Gp closing YAGCloser (-mins 2 -f 20 -mcc 2 -prt 0.25 -eft 0.2 -pld 0.2) Commit
0e34c3b

Omni-C contct mp genertion

  Short-red lignment BWA-MEM (-5SP) 0.7.17-r1188

  SAM/BAM processing smtools 1.11

  SAM/BAM ltering pirtools 0.3.0

  Pirs indexing pirix 0.3.7

  Mtrix genertion cooler 0.8.10

  Mtrix blncing hicExplorer (hicCorrectmtrix correct --lterThreshold -2 4) 3.6

  Contct mp visliztion HiGlss 2.1.11

PretextMp 0.1.4

PretextView 0.1.5

PretextSnpshot 0.0.3

Orgnelle ssembly

  Mitogenome ssembly MitoHiFi (-r, -p 50, -o 1) 2 commit
c06ed3e

Genome qlity ssessment

  Bsic ssembly metrics QUAST (--est-ref-size) 5.0.2

  Assembly completeness BUSCO (-m geno, -l tetrpod) 5.0.0

Merqry 2020-01-29

Contmintion screening

  Locl lignment tool BLAST+ 2.1

  Generl contmintion screening BlobToolKit 2.3.3

Softwre cittions re listed in the text.
Options detiled for nondeflt prmeters.
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We identied  totl of 1 misssembly on the lternte s-
sembly nd broke the corresponding join mde by SALSA2, 
nd closed  totl of 4 gps, per ssembly. We frther ltered 
ot 2 contigs corresponding to mitochondril contmintion 
(1 per ssembly). No frther contigs were removed. The pri-
mry ssembly hs  BUSCO completeness score of 96.3% 
sing the tetrpod gene set,  per bse qlity (QV) of 60.4, 
 k-mer completeness of 97.2 nd  frmeshift indel QV of 

46.6. The lternte ssembly hs  BUSCO completeness score 
of 91.2% sing the tetrpod gene set,  per bse qlity (QV) 
of 60.4,  k-mer completeness of 92.2 nd  frmeshift indel 
QV of 46.9. The Omni-C contct mps indicte tht both 
ssemblies re highly contigos with some chromosome-
length scffolds (Fig. 2C nd D). We hve deposited scffolds 
corresponding to both primry nd lternte hplotype (see 
Tble 2 nd dt vilbility for detils).

Fig. 2. Visual overview of genome assembly metrics. (A) K-mer spectra output generated from PacBio HiFi data without adapters using GenomeScope 
2.0. The bimodal pattern observed corresponds to a diploid genome. K-mers covered at lower coverage but higher frequency correspond to differences 
between haplotypes, whereas the higher coverage but lower frequency k-mers corresponds to the similarities between haplotypes. (B) BlobToolKit 
Snail plot showing a graphical representation of the quality metrics presented in Table 2 for the Charina bottae bottae primary assembly (rActMar1). The 
plot circle represents the full size of the assembly. From the inside-out, the central plot covers length-related metrics. The red line represents the size of 
the longest scaffold; all other scaffolds are arranged in size-order moving clockwise around the plot and drawn in gray starting from the outside of the 
central plot. Dark and light orange arcs show the scaffold N50 and scaffold N90 values. The central light gray spiral shows the cumulative scaffold count 
with a white line at each order of magnitude. White regions in this area reflect the proportion of Ns in the assembly the dark versus light blue area 
around it shows mean, maximum and minimum GC versus AT content at 0.1% intervals (Challis et al. 2020). Hi-C contact maps for the primary (C) and 
alternate (D) genome assembly generated with PretextSnapshot. Hi-C contact maps translate proximity of genomic regions in 3D space to contiguous 
linear organization. Each cell in the contact map corresponds to sequencing data supporting the linkage (or join) between 2 of such regions. Scaffolds 
are separated by black lines and higher density corresponds to higher levels of fragmentation.
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We ssembled  mitochondril genome with MitoHiFi. The 
nl mitochondril genome size ws 18,077  bp. The bse 
composition of the nl ssembly version is A = 33.94%, C = 
28.75%, G = 13.00%, T = 24.31%, nd consists of 22 niqe 
trnsfer RNAs nd 13 protein coding genes.

Discussion
There re crrently reference genomes from 38 species 
representing 7 fmilies nd the C. bottae bottae genome is the 

rst for the Boide fmily. Charina is  member is the sister 
grop to ll cenophidin snkes tht comprise the mjority 
of globl species diversity nd is n importnt rdition of 
the snke tree of life (Gthier et l. 2012; Simões nd Pyron 
2021). The closest reltive of Charina with n ssembled 
genome is Python bivittatus (fmily Pythonide, Cstoe et 
l. 2011, 2013). The P. bivittatus genome hs  contig N50 
length of 10.7 kb nd n N50 scffold length of 207.5 kb, 
wheres C. bottae bottae hs  contig nd scffold N50 of 
37.3 nd 97 Mb. At 1.76 Gb, the C. bottae bottae genome is 

Table 2. Sequencing and assembly statistics, and accession numbers.

BioProjects nd vochers CCGP NCBI BioProject PRJNA720569

Gener NCBI BioProject PRJNA766290

Species NCBI BioProject PRJNA824832

NCBI BioSmple SAMN26367999

Specimen identiction HBS 135849

NCBI Genome ccessions Primry Alternte

Assembly ccession JALMGJ000000000 JALMGK000000000

Genome seqences GCA_023362775.1 GCA_023362785.1

Genome seqence PcBio HiFi reds Rn 1 PACBIO_SMRT (Seqel II) rn: 3.6M 
spots, 54.2G bses, 35 Gb

Accession SRX15651215

Omni-C Illmin reds Rn 2 ILLUMINA (Illmin NovSeq 6000) rns: 
123.5M spots, 37.3G bses, 12.4 Gb

Accession SRX15651216, SRX15651217

Genome Assembly Qlity Metrics Assembly identier (qlity code) rChBot1(7.7.P7.Q60.C79)

HiFi red covergeb 30.96×

Primry Alternte

Nmber of contigs 374 308

Contig N50 37,334,273 38,502,584

Contig NG50b 40,986,358 33,654,200

Longest contigs 150,241,728 113,059,615

Nmber of scffolds 289 224

Scffold N50 97,015,800 107,200,052

Scffold NG50b 97,015,800 107,200,052

Lrgest scffold 254,579,594 198,876,488

Size of nl ssembly 1,804,944,895 1,703,974,979

Phsed blocks NG50b 40,986,358 39,017,728

Gps per Gbp (#Gps) 47 (85) 49 (84)

Indel QV (frmeshift) 47.64606828 48.12498448

Bse pir QV 60.4101 60.443

Fll ssembly = 60.426

K-mer completeness 97.2879 92.236

Fll ssembly = 99.2086

BUSCO completeness (tetrpod), 
n = 5,310

 C S D F M 

Pc 96.30% 95.50% 0.80% 0.80% 2.90%

Ac 91.20% 90.40% 0.80% 1.00% 7.80%

Orgnelles 1 prtil mitochondril seqence JALMGJ010000289.1

Assembly qlity code x·y·P·Q·C, where x = log10[contig NG50]; y = log10[scffold NG50]; P = log10[phsed block NG50]; Q = Phred bse ccrcy 
QV (qlity vle); C = % genome represented by the rst “n” scffolds, following  known kryotype 2n = 36 for C. bottae (Gormn nd Gress 1970). 
BUSCO scores. (C)omplete nd (S)ingle; (C)omplete nd (D)plicted; (F)rgmented nd (M)issing BUSCO genes. n, nmber of BUSCO genes in the set/
dtbse.
bRed coverge nd NGx sttistics hve been clclted bsed on  genome size of 288 Mb.
cP(rimry) nd (A)lternte ssembly vles.
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bot 20% lrger thn the P. bivittatus t 1.44Gb. These re 
the only 2 genomes from this diverse clde of snkes nd will 
serve s n nchor for broder genomic comprisons cross 
the phylogenetic bredth of mcrostomtn (or the so-clled 
“dvnced”) snkes.

The C. bottae bottae genome will be  vlble tool s con-
servtion plnning for the 4 geogrphic lineges within the 
C. bottae bottae complex contines to mtre. Grismer et l. 
(2022) developed  RADSeq dtset of 19,711 loci tht re-
veled mltiple loclly endemic cldes within C. bottae bottae 
nd C. bottae umbratica. This reference genome will be n 
invlble tool for mpping these RAD loci, providing the re-
serch commnity the bility to better nderstnd both phys-
icl linkge nd prlog identities within this new dtset 
compred to the de novo RAD ssembly crrently vilble. 
Given the chllenges fcing cold-tempertre nd moistre-
dependent species with incresing nnl tempertres, 
droghts, nd wildres, or bility to clerly dened conser-
vtion nits will be crcil to mngement over the next 70 
yr (Abtzoglo et l. 2016; Westerling 2018; Willims et l. 
2019; Grismer et l. 2022).

Phylogeogrphic stdies on Charina indicte there is  dis-
greement between reltionships inferred from mitochondril 
nd ncler dtsets (Rodrígez-Robles et l. 2001; Toshim 
2011; Grismer et l. 2022). Grismer et l. (2022) recovered 
4 reciproclly monophyletic nDNA lineges restricted 
to costl Cliforni, PGB, the Sierr Nevd Montins, 
nd sothern Cliforni tht shred  common ncestor 
16.9 MYA. In contrsts Rodrígez-Robles et l. (2001) nd 
Toshim (2011) sed mtDNA nd demonstrted tht there re 
high levels of prphyly mong the PGB, the Sierr Nevd 
Montins, nd sothern Cliforni lineges identied from 
RADSeq dt (Grismer et l. 2022), with only popltions 
from costl Cliforni recovered s monophyletic. The C. 
bottae bottae mitochondril nd reference genomes described 
here, in combintion with both pblished RADseq nd ftre 
CCGP-generted whole genome reseqencing dt shold f-
cilitte ongoing nd ftre stdies imed t disentngling the 
biogeogrphic nd genetic process tht hve contribted to 
the crrent rbber bo lineges nd their distribtion, s well 
s genes responsible for their niqe, cold-tolernt physiology.
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