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Abstract

Analysis of Phrynosoma blainvillii Gray from Marina, Monterey County, California, using

150 bp paired-end Illumina sequences (Illumina, San Diego, CA) resulted in the

assembly of its complete mitogenome. The mitogenome is 16,946 bp in length and

contains a putative origin of light strand replication (OL), control region, 22 tRNA, 2

rRNA, and 13 protein-coding genes. Its content and organization are similar to other

Squamata. Phylogenetic analysis of P. blainvillii resolves it in a clade with P. sherbrookei

Nieto-Montes de Oca, Arenas-Moreno, Beltrán-Sánchez & Leaché, sister in position to

Uma notata Baird. Mitochondrial marker analysis of P. blainvillii from Marina shows that
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it belongs to a coastal Santa Lucia Mountain Range haplogroup that is distinct from

other populations of P. blainvillii in California.

Keywords:

Horned lizard mitogenome Phrynosoma blainvillii Phrynosomatidae special concern Squamata

The family Phrynosomatidae consists of North American spiny lizards classified into

nine genera and 148 species (Leaché et al. 2015a). Three complete mitogenomes have

been published for the family: Uta stansburiana Baird & Girard (Leaché et al. 2015b),

Sceloporus occidentalis Baird & Girard (Kumazawa 2004), and Urosaurus nigricaudus

Cope (Bernardo et al. 2016). One of the 9 genera, Phrynosoma Wiegmann, includes 17

species of horned lizards (Nieto-Montes de Oca et al. 2014). Here, we describe the

complete mitogenome of Phrynosoma blainvillii, a California Department of Fish and

Wildlife ‘Species of Special Concern’, distributed from Northern California to Northern

Baja California, Mexico (Leaché et al. 2009).

DNA was extracted from P. blainvillii (specimen voucher deposited in the Herpetological

Collection – Museum of Vertebrate Zoology at UC Berkeley: MVZ:Herp:283805) collected

from the UCSC Fort Ord Natural Reserve, Marina, California using the DNeasy Blood and

Tissue Kit (Qiagen, Valencia, CA). The 150 bp paired-end library construction and

sequencing was performed by myGenomics, LLC (Alpharetta, GA), yielding 4,978,820

reads. The mitogenome was assembled de novo using MEGAHIT (Li et al. 2015) and by

mapping the reads against U. stansburiana (GenBank NC_027261) with the Medium-

Low Sensitivity/Fast setting in Geneious R11 (Biomatters Limited, Auckland, New

Zealand). The genes were annotated using MITOS (Bernt et al. 2013) and adjusted in

Sequin (https://www.ncbi.nlm.nih.gov/Sequin/index.html). Alignment of the mitogenome

to other Squamata was performed with MAFFT (Katoh and Standley 2013). The

maximum likelihood analysis was executed using complete mitogenome sequences

with T-REX (Boc et al. 2012) and the GTR + gamma model with 1000 fast bootstraps.

The tree was visualized with TreeDyn 198.3 at Phylogeny.fr (Dereeper et al. 2008).

The mitogenome of P. blainvillii (GenBank MG387969) is 16,946 bp in length and has a

base composition of 33.85% A, 26.60% T, 13.07% G, and 26.48% C. It contains 22 tRNA

(trnL and trnS are duplicated), two rRNA (rnl, rns), and 13 electron transport and
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oxidative phosphorylation genes. Eleven of the 13 genes initiate with the ATG start

codon, however cox1 and nad1 initiate with GTG. Most of the genes terminate with TAA,

but nad2 terminates with TAG, nad6 with AGG, and cox1, cox2, and nad4 with AGA. The

nad6 gene and eight tRNAs encode on the light strand, while the others encode on the

heavy strand. The putative OL is located between trnN and trnC, and is 30 bp in length,

and the control region is 1540 bp. Phylogenetic analysis of P. blainvillii resolves it with P.

sherbrookei in a fully supported clade sister to the genus Uma Baird ( ). This

relationship is similar to the findings of previous workers (Reeder and Wiens 1996;

Wilgenbusch and de Queiroz 2000). Comparison of the complete P. blainvillii

mitogenome to published P. blainvillii sequences (Leaché et al. 2009) found nearly

identical sequences of nad1 and nad2 from a specimen from the Santa Lucia Mountain

Range, but divergent sequences compared to a specimen of P. blainvillii from the

nearby Gabilan Mountain Range. These data show that the Fort Ord, Marina and Santa

Lucia populations of P. blainvillii represent a distinct coastal mitochondrial haplogroup.

Figure 1. Maximum-likelihood phylogram of P. blainvillii and representative

Phrynosomatidae and Iguanidae mitogenomes. Numbers along branches are bootstrap

supports based on 1000 nreps (<75% support not shown). The legend below represents

the scale for nucleotide substitutions.

Acknowledgements

Specimen collection was made under Gage H. Dayton's California Department of Fish

and Wildlife Scientific Collecting Permit #633.

Figure 1

Display full size



Disclosure statement

The authors report no conflicts of interest. The authors alone are responsible for the

content and writing of this article.

Additional information

Funding

This work was funded by a 2017–2018 Innovation Grant from Hartnell College to Jeffery

R. Hughey.

References

1. Bernardo PH, Aguilera-Miller EF, Álvarez-Castañeda ST, Cruz FRMDL, Murphy RW.

2016. The complete mitochondrial genome of the black-tailed brush lizard Urosaurus

nigricaudus (Reptilia, Squamata, Phrynosomatidae). Mitochondrial DNA A DNA Mapp

Seq Anal. 27:4023–4025.

2. Bernt M, Donath A, Jühling F, Externbrink F, Florentz C, Fritzsch G, Pütz J, Middendorf

M, Stadler PF. 2013. MITOS: improved de novo metazoan mitochondrial genome

annotation. Mol Phylogenet Evol. 69:313–319.

3. Boc A, Diallo AB, Makarenkov V. 2012. T-REX: a web server for inferring, validating

and visualizing phylogenetic trees and networks. Nucleic Acids Res. 40:W573–W579.

PubMed Google Scholar

PubMed Web of Science ® Google Scholar

PubMed Web of Science ® Google Scholar

https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_2_1&dbid=8&doi=10.1080%2F23802359.2017.1407706&key=25600752&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.3109%2F19401736.2014.1003826&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D27%26publication_year%3D2016%26pages%3D4023-4025%26journal%3DMitochondrial%2BDNA%2BA%2BDNA%2BMapp%2BSeq%2BAnal%26author%3DPH%2BBernardo%26author%3DEF%2BAguilera-Miller%26author%3DST%2B%25C3%2581lvarez-Casta%25C3%25B1eda%26author%3DFRMDL%2BCruz%26author%3DRW.%2BMurphy%26title%3DThe%2Bcomplete%2Bmitochondrial%2Bgenome%2Bof%2Bthe%2Bblack-tailed%2Bbrush%2Blizard%2BUrosaurus%2Bnigricaudus%2B%2528Reptilia%252C%2BSquamata%252C%2BPhrynosomatidae%2529&doi=10.1080%2F23802359.2017.1407706&doiOfLink=10.3109%2F19401736.2014.1003826&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_3_1&dbid=8&doi=10.1080%2F23802359.2017.1407706&key=22982435&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1016%2Fj.ympev.2012.08.023&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_3_1&dbid=128&doi=10.1080%2F23802359.2017.1407706&key=000324508900002&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1016%2Fj.ympev.2012.08.023&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D69%26publication_year%3D2013%26pages%3D313-319%26journal%3DMol%2BPhylogenet%2BEvol%26author%3DM%2BBernt%26author%3DA%2BDonath%26author%3DF%2BJ%25C3%25BChling%26author%3DF%2BExternbrink%26author%3DC%2BFlorentz%26author%3DG%2BFritzsch%26author%3DJ%2BP%25C3%25BCtz%26author%3DM%2BMiddendorf%26author%3DPF.%2BStadler%26title%3DMITOS%253A%2Bimproved%2Bde%2Bnovo%2Bmetazoan%2Bmitochondrial%2Bgenome%2Bannotation&doi=10.1080%2F23802359.2017.1407706&doiOfLink=10.1016%2Fj.ympev.2012.08.023&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_4_1&dbid=8&doi=10.1080%2F23802359.2017.1407706&key=22675075&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fnar%2Fgks485&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_4_1&dbid=128&doi=10.1080%2F23802359.2017.1407706&key=000306670900094&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fnar%2Fgks485&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D40%26publication_year%3D2012%26pages%3DW573-W579%26journal%3DNucleic%2BAcids%2BRes%26author%3DA%2BBoc%26author%3DAB%2BDiallo%26author%3DV.%2BMakarenkov%26title%3DT-REX%253A%2Ba%2Bweb%2Bserver%2Bfor%2Binferring%252C%2Bvalidating%2Band%2Bvisualizing%2Bphylogenetic%2Btrees%2Band%2Bnetworks&doi=10.1080%2F23802359.2017.1407706&doiOfLink=10.1093%2Fnar%2Fgks485&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT


4. Dereeper A, Guignon V, Blanc G, Audic S, Buffet S, Chevenet F, Dufayard JF, Guindon

S, Lefort V, Lescot M, et al. 2008. Phylogeny. fr: robust phylogenetic analysis for the

non-specialist. Nucleic Acids Res. 36:W465–W469.

5. Katoh K, Standley DM. 2013. MAFFT multiple sequence alignment software version 7:

improvements in performance and usability. Mol Biol Evol. 30:772–780.

6. Kumazawa Y. 2004. Mitochondrial DNA sequences of five squamates: phylogenetic

affiliation of snakes. DNA Res. 11:137–144.

7. Leaché AD, Banbury BL, Felsenstein J, Nieto-Montes de Oca A, Stamatakis A. 2015a.

Short tree, long tree, right tree, wrong tree: new acquisition bias corrections for

inferring SNP phylogenies. Syst Biol. 64:1032–1047.

8. Leaché AD, Chavez AS, Jones LN, Grummer JA, Gottscho AD, Linkem CW. 2015b.

Phylogenomics of phrynosomatid lizards: conflicting signals from sequence capture

versus restriction site associated DNA sequencing. Genome Biol Evol. 7:706–719.

9. Leaché AD, Koo MS, Spencer CL, Papenfuss TJ, Fisher RN, McGuire JA. 2009.

Quantifying ecological, morphological, and genetic variation to delimit species in the

coast horned lizard species complex (Phrynosoma). Proc Natl Acad Sci USA.

106:12418–12423.

10. Li D, Liu CM, Luo R, Sadakane K, Lam TW. 2015. MEGAHIT: an ultra-fast single-node

solution for large and complex metagenomics assembly via succinct de Bruijn graph.

Bioinformatics. 31:1674–1676.

PubMed Web of Science ® Google Scholar

PubMed Web of Science ® Google Scholar

PubMed Web of Science ® Google Scholar

PubMed Web of Science ® Google Scholar

PubMed Web of Science ® Google Scholar

PubMed Web of Science ® Google Scholar

PubMed Web of Science ® Google Scholar

https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_5_1&dbid=8&doi=10.1080%2F23802359.2017.1407706&key=18424797&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fnar%2Fgkn180&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_5_1&dbid=128&doi=10.1080%2F23802359.2017.1407706&key=000258142300085&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fnar%2Fgkn180&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D36%26publication_year%3D2008%26pages%3DW465-W469%26journal%3DNucleic%2BAcids%2BRes%26author%3DA%2BDereeper%26author%3DV%2BGuignon%26author%3DG%2BBlanc%26author%3DS%2BAudic%26author%3DS%2BBuffet%26author%3DF%2BChevenet%26author%3DJF%2BDufayard%26author%3DS%2BGuindon%26author%3DV%2BLefort%26author%3DM%2BLescot%26title%3DPhylogeny.%2Bfr%253A%2Brobust%2Bphylogenetic%2Banalysis%2Bfor%2Bthe%2Bnon-specialist&doi=10.1080%2F23802359.2017.1407706&doiOfLink=10.1093%2Fnar%2Fgkn180&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_6_1&dbid=8&doi=10.1080%2F23802359.2017.1407706&key=23329690&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fmolbev%2Fmst010&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_6_1&dbid=128&doi=10.1080%2F23802359.2017.1407706&key=WOS%3A000317002300004&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fmolbev%2Fmst010&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D30%26publication_year%3D2013%26pages%3D772-780%26journal%3DMol%2BBiol%2BEvol%26author%3DK%2BKatoh%26author%3DDM.%2BStandley%26title%3DMAFFT%2Bmultiple%2Bsequence%2Balignment%2Bsoftware%2Bversion%2B7%253A%2Bimprovements%2Bin%2Bperformance%2Band%2Busability&doi=10.1080%2F23802359.2017.1407706&doiOfLink=10.1093%2Fmolbev%2Fmst010&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_7_1&dbid=8&doi=10.1080%2F23802359.2017.1407706&key=15449546&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fdnares%2F11.2.137&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_7_1&dbid=128&doi=10.1080%2F23802359.2017.1407706&key=000223350900007&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fdnares%2F11.2.137&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D11%26publication_year%3D2004%26pages%3D137-144%26journal%3DDNA%2BRes%26author%3DY.%2BKumazawa%26title%3DMitochondrial%2BDNA%2Bsequences%2Bof%2Bfive%2Bsquamates%253A%2Bphylogenetic%2Baffiliation%2Bof%2Bsnakes&doi=10.1080%2F23802359.2017.1407706&doiOfLink=10.1093%2Fdnares%2F11.2.137&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_8_1&dbid=8&doi=10.1080%2F23802359.2017.1407706&key=26227865&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fsysbio%2Fsyv053&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_8_1&dbid=128&doi=10.1080%2F23802359.2017.1407706&key=000363168100011&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fsysbio%2Fsyv053&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D64%26publication_year%3D2015a%26pages%3D1032-1047%26journal%3DSyst%2BBiol%26author%3DAD%2BLeach%25C3%25A9%26author%3DBL%2BBanbury%26author%3DJ%2BFelsenstein%26author%3DA%2BNieto-Montes%2Bde%2BOca%26author%3DA.%2BStamatakis%26title%3DShort%2Btree%252C%2Blong%2Btree%252C%2Bright%2Btree%252C%2Bwrong%2Btree%253A%2Bnew%2Bacquisition%2Bbias%2Bcorrections%2Bfor%2Binferring%2BSNP%2Bphylogenies&doi=10.1080%2F23802359.2017.1407706&doiOfLink=10.1093%2Fsysbio%2Fsyv053&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_9_1&dbid=8&doi=10.1080%2F23802359.2017.1407706&key=25663487&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fgbe%2Fevv026&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_9_1&dbid=128&doi=10.1080%2F23802359.2017.1407706&key=000354750300008&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fgbe%2Fevv026&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D7%26publication_year%3D2015b%26pages%3D706-719%26journal%3DGenome%2BBiol%2BEvol%26author%3DAD%2BLeach%25C3%25A9%26author%3DAS%2BChavez%26author%3DLN%2BJones%26author%3DJA%2BGrummer%26author%3DAD%2BGottscho%26author%3DCW.%2BLinkem%26title%3DPhylogenomics%2Bof%2Bphrynosomatid%2Blizards%253A%2Bconflicting%2Bsignals%2Bfrom%2Bsequence%2Bcapture%2Bversus%2Brestriction%2Bsite%2Bassociated%2BDNA%2Bsequencing&doi=10.1080%2F23802359.2017.1407706&doiOfLink=10.1093%2Fgbe%2Fevv026&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_10_1&dbid=8&doi=10.1080%2F23802359.2017.1407706&key=19625623&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1073%2Fpnas.0906380106&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_10_1&dbid=128&doi=10.1080%2F23802359.2017.1407706&key=000268440200040&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1073%2Fpnas.0906380106&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D106%26publication_year%3D2009%26pages%3D12418-12423%26journal%3DProc%2BNatl%2BAcad%2BSci%2BUSA%26author%3DAD%2BLeach%25C3%25A9%26author%3DMS%2BKoo%26author%3DCL%2BSpencer%26author%3DTJ%2BPapenfuss%26author%3DRN%2BFisher%26author%3DJA.%2BMcGuire%26title%3DQuantifying%2Becological%252C%2Bmorphological%252C%2Band%2Bgenetic%2Bvariation%2Bto%2Bdelimit%2Bspecies%2Bin%2Bthe%2Bcoast%2Bhorned%2Blizard%2Bspecies%2Bcomplex%2B%2528Phrynosoma%2529&doi=10.1080%2F23802359.2017.1407706&doiOfLink=10.1073%2Fpnas.0906380106&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_11_1&dbid=8&doi=10.1080%2F23802359.2017.1407706&key=25609793&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fbioinformatics%2Fbtv033&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_11_1&dbid=128&doi=10.1080%2F23802359.2017.1407706&key=WOS%3A000355672500023&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1093%2Fbioinformatics%2Fbtv033&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D31%26publication_year%3D2015%26pages%3D1674-1676%26journal%3DBioinformatics%26author%3DD%2BLi%26author%3DCM%2BLiu%26author%3DR%2BLuo%26author%3DK%2BSadakane%26author%3DTW.%2BLam%26title%3DMEGAHIT%253A%2Ban%2Bultra-fast%2Bsingle-node%2Bsolution%2Bfor%2Blarge%2Band%2Bcomplex%2Bmetagenomics%2Bassembly%2Bvia%2Bsuccinct%2Bde%2BBruijn%2Bgraph&doi=10.1080%2F23802359.2017.1407706&doiOfLink=10.1093%2Fbioinformatics%2Fbtv033&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT


Download PDF

11. Nieto-Montes de Oca A, Arenas-Moreno D, Beltrán-Sanchez E, Leaché AD. 2014. A

new species of horned lizard (genus Phrynosoma) from Guerrero, Mexico, with an

updated multilocus phylogeny. Herpetologica. 70:241–257.

12. Reeder TW, Wiens JJ. 1996. Evolution of the lizard family phrynosomatidae as inferred

from diverse types of data. Herpetol Mon. 10:43–84.

13. Wilgenbusch J, de Queiroz K. 2000. Phylogenetic relationships among the

phrynosomatid sand lizards inferred from mitochondrial DNA sequences generated by

heterogeneous evolutionary processes. Syst Biol. 49:592–612.

Web of Science ® Google Scholar

Google Scholar

PubMed Web of Science ® Google Scholar

Related research 

Recommended articles Cited by

The complete mitochondrial genome of Xiphister atropurpureus (Perciformes: Stichaeidae)

et al.

Mitochondrial DNA Part B

Published online: 21 Mar 2017





People also read

https://www.tandfonline.com/doi/pdf/10.1080/23802359.2017.1407706
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_12_1&dbid=128&doi=10.1080%2F23802359.2017.1407706&key=000336047900010&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1655%2FHERPETOLOGICA-D-13-00077&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D70%26publication_year%3D2014%26pages%3D241-257%26journal%3DHerpetologica%26author%3DA%2BNieto-Montes%2Bde%2BOca%26author%3DD%2BArenas-Moreno%26author%3DE%2BBeltr%25C3%25A1n-Sanchez%26author%3DAD.%2BLeach%25C3%25A9%26title%3DA%2Bnew%2Bspecies%2Bof%2Bhorned%2Blizard%2B%2528genus%2BPhrynosoma%2529%2Bfrom%2BGuerrero%252C%2BMexico%252C%2Bwith%2Ban%2Bupdated%2Bmultilocus%2Bphylogeny&doi=10.1080%2F23802359.2017.1407706&doiOfLink=10.1655%2FHERPETOLOGICA-D-13-00077&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D10%26publication_year%3D1996%26pages%3D43-84%26journal%3DHerpetol%2BMon%26author%3DTW%2BReeder%26author%3DJJ.%2BWiens%26title%3DEvolution%2Bof%2Bthe%2Blizard%2Bfamily%2Bphrynosomatidae%2Bas%2Binferred%2Bfrom%2Bdiverse%2Btypes%2Bof%2Bdata&doi=10.1080%2F23802359.2017.1407706&doiOfLink=10.2307%2F1466980&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_14_1&dbid=8&doi=10.1080%2F23802359.2017.1407706&key=12116429&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1080%2F10635159950127411&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_3_14_1&dbid=128&doi=10.1080%2F23802359.2017.1407706&key=000089405100012&getFTLinkType=true&doiForPubOfPage=10.1080%2F23802359.2017.1407706&refDoi=10.1080%2F10635159950127411&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D49%26publication_year%3D2000%26pages%3D592-612%26journal%3DSyst%2BBiol%26author%3DJ%2BWilgenbusch%26author%3DK.%2Bde%2BQueiroz%26title%3DPhylogenetic%2Brelationships%2Bamong%2Bthe%2Bphrynosomatid%2Bsand%2Blizards%2Binferred%2Bfrom%2Bmitochondrial%2BDNA%2Bsequences%2Bgenerated%2Bby%2Bheterogeneous%2Bevolutionary%2Bprocesses&doi=10.1080%2F23802359.2017.1407706&doiOfLink=10.1080%2F10635159950127411&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/doi/full/10.1080/23802359.2017.1303349


Information for

Authors

R&D professionals

Editors

Librarians

Societies

Open access

Overview

Open journals

Open Select

Dove Medical Press

F1000Research

Opportunities

Reprints and e-prints

Advertising solutions

Accelerated publication

Corporate access solutions

Help and information

Help and contact

Newsroom

All journals

Books

 Sign me up

   

Keep up to date

Register to receive personalised research and resources by email

Copyright © 2026 Informa UK Limited Privacy policy

Cookies Terms & conditions Accessibility

Registered in England & Wales No. 01072954 

5 Howick Place | London | SW1P 1WG

https://authorservices.taylorandfrancis.com/
https://taylorandfrancis.com/who-we-serve/industry-government/business/
https://editorresources.taylorandfrancis.com/
https://www.tandfonline.com/page/librarians
https://www.tandfonline.com/societies
https://www.tandfonline.com/openaccess
https://www.tandfonline.com/openaccess/openjournals
https://www.tandfonline.com/openaccess/openselect
https://www.tandfonline.com/openaccess/dove
https://www.tandfonline.com/openaccess/f1000
https://taylorandfrancis.com/who-we-serve/industry-government/marketing/
https://taylorandfrancis.com/partnership/commercial/advertising-solutions/
https://taylorandfrancis.com/partnership/commercial/accelerated-publication/
https://taylorandfrancis.com/who-we-serve/industry-government/business/purchasing-options/
https://help.tandfonline.com/
https://newsroom.taylorandfrancisgroup.com/
https://www.tandfonline.com/journals?&pageSize=3000
https://www.routledge.com/
https://taylorandfrancis.formstack.com/forms/tfoguest_signup
https://facebook.com/TaylorandFrancisGroup
https://twitter.com/tandfonline
http://linkedin.com/company/taylor-&-francis-group
https://www.youtube.com/user/TaylorandFrancis
http://www.weibo.com/tandfchina
https://bsky.app/profile/tandfresearch.bsky.social
https://www.informa.com/
https://informa.com/privacy-policy/
https://privacy.informa.com/trackers/en/
https://www.tandfonline.com/terms-and-conditions
https://www.tandfonline.com/accessibility
http://taylorandfrancis.com/

