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ABSTRACT Here, we present the complete chloroplast genome sequence of Toxicoden-
dron diversilobum, western poison oak, from Pacific Grove, California. The genome is
159,543 bp in length, contains 133 genes, and has a high level of gene synteny to other
species of Toxicodendron.

oxicodendron diversilobum (Torr. & A. Gray) Greene, western poison oak, was originally

described from material collected by the botanist and explorer David Douglas from
Fort Vancouver, Washington, USA (1-3). The species is naturally distributed from British
Columbia, Canada, to Baja California, Mexico, where it grows as a vine or shrub inhabiting
canyons, slopes, chaparral, and oak woodland communities (4, 5). All tissues of T. diversilo-
bum contain the toxin urushiol, which causes severe dermatitis in about 80% of humans
(6, 7). Five complete Toxicodendron chloroplast genomes have been sequenced (8-12); how-
ever, the western poison oak has not been analyzed. In this study, we characterized the com-
plete chloroplast genome of T. diversilobum to contribute to its bioinformatics.

The specimen analyzed here was collected from Pacific Grove, California (36°37"10.9"N,
121°55'41.6"W), and deposited at Hartnell College under voucher number HCC 271. Fresh
leaf tissue was macerated with a mortar and pestle, and DNA was extracted using the
DNeasy blood and tissue kit (Qiagen) following the manufacturer’s protocol with two modifi-
cations; the binding step was reduced to 4,000 x g for 3 min, and the DNA was eluted in
40 wl Tris-acetate-EDTA (TAE) buffer after 7 min of incubation (13). The 150-bp paired-end
library was constructed with the NEBNext Ultra Il DNA library preparation kit (New England
BioLabs) and sequenced by Novogene on an lllumina NovaSeq 6000 system. The analysis
generated 13,641,742 raw reads. The reads were filtered using the default BBDuk settings

in Geneious Prime v2019.1.3 (Biomatters Limited). The chloroplast genome was assembled Editor Leighton Pritchard, University of

de novo using all filtered reads with the default settings in Geneious Prime and RepeatFinder Strathclyde

v1.0.1 (14). This process yielded 80,852 contigs, with an Ns, value of 409 and a GC content of Copyright © 2023 Huitron Vazquez et al. This

37.2%. A single draft chloroplast genome contig with overlapping ends and 1,291 x coverage 5 &I epem-aagess avidle ¢ibuiEe unslariie
: . X X i X i terms of the Creative Commons Attribution 4.0

was identified using the Map to Reference function in Geneious Prime and the reference T A Iy

Toxicodendron vernicifluum cultivar Dahongpao (GenBank accession number NC_046700) (8). Address correspondence to Jeffery R. Hughey,

The final chloroplast genome was circularized by removing the overlapping ends and man- jhughey@hartnell.edu.

ually adjusting the start position to conform to the reference sequence. The annotation was The authors declare no conflict of interest.
Received 2 December 2022

completed using the default settings in GeSeq v2.03 (15), followed by manual adjustment of Accepted 30 January 2023
the start and stop positions according to the NCBI open reading frame (ORF) finder and Published 16 February 2023
Sequin v15.5 (16).
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FIG 1 Complete chloroplast genome of Toxicodendron diversilobum. The genome was annotated using GeSeq (15), the NCBI ORF finder, and Sequin v15.5 (16) and
mapped with Chloroplot v0.2.4 (18). The innermost ring identifies the LSC, SSC, and two IRs. The next ring displays the GC content and direction of transcription, as
indicated by the two arrows. The final ring shows the genes. Genes transcribed clockwise are on the inside, while those transcribed counterclockwise are on the

outside. The color coding corresponds to genes of different groups, as listed in the key at the bottom left.

The complete circular chloroplast genome of T. diversilobum is 159,543 bp in length and
displays a characteristic flowering plant quadripartite structure (17), possessing a large single-
copy region (LSC), a small single-copy region (SSC), and two inverted repeats (IRs), with lengths
of 87,696 bp, 18,797 bp, and 26,525 bp, respectively (Fig. 1). The GC content is 38.0%. The ge-
nome contains 133 genes, including 88 protein-encoding genes, 37 tRNA genes, and 8 rRNA
genes. Sixteen of the genes contain one intron (atpf, ndhA, ndhB x 2, rpl2 x 2, rpoC1, rps16,
trnA x 2, trnG, trnl x 2, trnK, trnl, and trnV), and four contain two introns (cIpP, pafl, and
rps12 x 2). Gene content and organization are consistent with other species of Toxicodendron
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(8-12). The chloroplast genome of T. diversilobum has 99.64% nucleotide identity to T. vernicifl-
uum (GenBank accession number NC_046700), 99.55% to Toxicodendron griffithii (GenBank
accession number NC_053916), 99.49% to Toxicodendron sylvestre (GenBank accession
number MT211615), and 99.48% to Toxicodendron succedaneum (GenBank accession number
MT211614).
Data availability. The complete chloroplast genome sequence of T. diversilobum is
available in GenBank under accession number OP585546. The associated BioProject, SRA,
and BioSample accession numbers are PRINA902018, SRS15770361, and SAMN31746121,
respectively. The chloroplast genomes referenced in the text were T. vernicifluum cultivar
Dahongpao (GenBank accession number NC_046700), T. griffithii (GenBank accession number
NC_053916), T. sylvestre (GenBank accession number MT211615), and T. succedaneum
(GenBank accession number MT211614).

ACKNOWLEDGMENT
This research was supported by NSF award 1832446 to Hartnell College.

REFERENCES

1.

Torrey J, Gray A. 1838-1843. A flora of North America. Wiley & Putnam, New
York, NY.

. Greene EL. 1905. Segregates of the genus Rhus. Leafl Bot Observ Crit 1:

114-144.

. McNair JB. 1921. A study of Rhus diversiloba with special reference to its toxic-

ity. Am J Bot 8:127-146. https://doi.org/10.1002/j.1537-2197.1921.tb05610.x.

. Hickman JC. 1993. The Jepson manual: higher plants of California. Univer-

sity of California Press, Berkeley, CA.

. Baldwin BG, Goldman DH, Keil DJ, Patterson R, Rosatti TJ, Wilken DH (ed).

2012. The Jepson manual: vascular plants of California, 2nd ed. University
of California Press, Berkeley, CA.

. Mohan JE, Ziska LH, Schlesinger WH, Thomas RB, Sicher RC, George K,

Clark JS. 2006. Biomass and toxicity responses of poison ivy (Toxicodendron radi-
cans) to elevated atmospheric CO,. Proc Natl Acad Sci U S A 103:9086-9089.
https://doi.org/10.1073/pnas.0602392103.

. Corbett MD, Billets S. 1975. Characterization of poison oak urushiol. J

Pharm Sci 64:1715-1718. https://doi.org/10.1002/jps.2600641032.

. Zhong Y, Zong D, Zhou A, He X, He C. 2019. The complete chloroplast ge-

nome of the Toxicodendron vernicifluum cv. Dahongpao, an elite natural
triploid lacquer tree. Mitochondrial DNA B Resour 4:1227-1228. https:/
doi.org/10.1080/23802359.2019.1591220.

. He N, Wang L, Li Y, Fang Y, Zhang F. 2020. The complete chloroplast genome

sequence of Toxicodendron sylvestre (Anacardiaceae). Mitochondrial DNA B
Resour 5:2008-2009. https://doi.org/10.1080/23802359.2020.1756960.

. LiY, Tang Y, Wu T. 2020. The complete chloroplast genome of Toxicoden-

dron griffithii. Mitochondrial DNA B Resour 5:2211-2212. https://doi.org/
10.1080/23802359.2020.1768931.

. Wang L, He N, Li Y, Fang Y, Zhang F. 2020. The complete chloroplast genome

sequence of Toxicodendron succedaneum (Anacardiaceae). Mitochondrial DNA
B Resour 5:1956-1957. https://doi.org/10.1080/23802359.2020.1756956.

March 2023 Volume 12 Issue 3

. Wang L, He N, Li Y, Fang Y, Zhang F. 2020. Complete chloroplast genome

sequence of Chinese lacquer tree (Toxicodendron vernicifluum, Anacardia-
ceae) and its phylogenetic significance. Biomed Res Int 2020:9014873.
https://doi.org/10.1155/2020/9014873.

. Garcia AN, Ramos JH, Mendoza AG, Muhrram A, Vidauri JM, Hughey JR,

Hartnell College Genomics Group. 2022. Complete chloroplast genome
of topotype material of the coast live oak Quercus agrifolia Née var. agrifolia
(Fagaceae) from California. Microbiol Resour Announc 11:00004-22. https://
doi.org/10.1128/mra.00004-22.

. Gibbs MD. 2019. De novo assembly and reconstruction of complete circular

chloroplast genomes using Geneious Prime. Biomatters, Auckland, New
Zealand. https://assets.geneious.com/documentation/geneious/App+ Note+-
+De+ Novo-+Assembly+of +Chloroplasts.pdf.

. Tillich M, Lehwark P, Pellizzer T, Ulbricht-Jones ES, Fischer A, Bock R, Greiner S.

2017. GeSeq: versatile and accurate annotation of organelle genomes. Nucleic
Acids Res 45:W6-W11. https://doi.org/10.1093/nar/gkx391.

. Benson DA, Cavanaugh M, Clark K, Karsch-Mizrachi I, Ostell J, Pruitt KD,

Sayers EW. 2018. GenBank. Nucleic Acids Res 46:D41-D47. https://doi.org/10
.1093/nar/gkx1094.

. Shinozaki K, Ohme M, Tanaka M, Wakasugi T, Hayashida N, Matsubayashi

T, Zaita N, Chunwongse J, Obokata J, Yamaguchi-Shinozaki K, Ohto C,
Torazawa K, Meng BY, Sugita M, Deno H, Kamogashira T, Yamada K, Kusuda
J, Takaiwa F, Kato A, Tohdoh N, Shimada H, Sugiura M. 1986. The complete
nucleotide sequence of the tobacco chloroplast genome: its gene organi-
zation and expression. EMBO J 5:2043-2049. https://doi.org/10.1002/j.1460
-2075.1986.tb04464.x.

. Zheng S, Poczai P, Hyvonen J, Tang J, Amiryousefi A. 2020. Chloroplot: an

online program for the versatile plotting of organelle genomes. Front
Genet 11:576124. https://doi.org/10.3389/fgene.2020.576124.

10.1128/mra.01279-22 3

Downloaded from https://journals.asm.org/journal/mra on 24 September 2023 by 2601:642:¢300:f8a0:61a8:fa9¢:8701:6ec2.


https://www.ncbi.nlm.nih.gov/nuccore/NC_046700
https://www.ncbi.nlm.nih.gov/nuccore/NC_053916
https://www.ncbi.nlm.nih.gov/nuccore/MT211615
https://www.ncbi.nlm.nih.gov/nuccore/MT211614
https://www.ncbi.nlm.nih.gov/nuccore/OP585546
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA902018
https://www.ncbi.nlm.nih.gov/sra/SRS15770361
https://www.ncbi.nlm.nih.gov/biosample/SAMN31746121
https://www.ncbi.nlm.nih.gov/nuccore/NC_046700
https://www.ncbi.nlm.nih.gov/nuccore/NC_053916
https://www.ncbi.nlm.nih.gov/nuccore/MT211615
https://www.ncbi.nlm.nih.gov/nuccore/MT211614
https://doi.org/10.1002/j.1537-2197.1921.tb05610.x
https://doi.org/10.1073/pnas.0602392103
https://doi.org/10.1002/jps.2600641032
https://doi.org/10.1080/23802359.2019.1591220
https://doi.org/10.1080/23802359.2019.1591220
https://doi.org/10.1080/23802359.2020.1756960
https://doi.org/10.1080/23802359.2020.1768931
https://doi.org/10.1080/23802359.2020.1768931
https://doi.org/10.1080/23802359.2020.1756956
https://doi.org/10.1155/2020/9014873
https://doi.org/10.1128/mra.00004-22
https://doi.org/10.1128/mra.00004-22
https://assets.geneious.com/documentation/geneious/App&hx002B;Note&hx002B;-&hx002B;De&hx002B;Novo&hx002B;Assembly&hx002B;of&hx002B;Chloroplasts.pdf
https://assets.geneious.com/documentation/geneious/App&hx002B;Note&hx002B;-&hx002B;De&hx002B;Novo&hx002B;Assembly&hx002B;of&hx002B;Chloroplasts.pdf
https://doi.org/10.1093/nar/gkx391
https://doi.org/10.1093/nar/gkx1094
https://doi.org/10.1093/nar/gkx1094
https://doi.org/10.1002/j.1460-2075.1986.tb04464.x
https://doi.org/10.1002/j.1460-2075.1986.tb04464.x
https://doi.org/10.3389/fgene.2020.576124
https://journals.asm.org/journal/mra
https://doi.org/10.1128/mra.01279-22

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENT
	REFERENCES

