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Methods Results:

1-9 samples of each Sonoran Desert Clade species were obtained and sequenced

through “genome skimming” by Fishbein and Straub lab members (Straub et al. * 17 new plastomes were assembled:

2011; Weitemeir et al. 2014). 17 new plastomes were assembled for this part of the * Range of sequence reads assembled per sample: 39,914 to 411,110
project following the steps of Fishbein et al. (2018). * Range of depth of coverage of the assembled plastomes: 26.8 to 360.6

Sequence reads were filtered and trimmed to remove low quality data in Geneious. * Range length of assembled plastomes: 129,899 to 136,946

Reads were then assembled into contiguous sequences (contigs) using either * The Sonoran Desert Clade doesn’t have multiple clades; all nine species form a
Geneious or IOGA. single lineage. (Fig 2.)

In Geneious, portions of contigs matching a reference plastome (A.nivea_022431) * For five of the nine species all of the sampled individuals were each other’s closest
were found using BLAST and then aligned to the reference to produce a draft relatives: A. cutleri, A. macrotis, A. sperryi, A. leptopus, and A. masonii; there was
plastome. only one individual of A. subaphylla.

To finish the assembly of the plastome sequence the trimmed reads were mapped * For the remaining three species at least one sample was grouped with a different
10 Wi i i L i e [DE0EEn S species. A. coulteri sample 1790 was as closely related to A. sperryi and A. macrotis

i lrlpple Sefluence clisipese “fere p mduced. g e Orolhne mE1p IETEEIEE @t as to the other A. coulteri samples. A. albicans and A. subulata were intermixed in
MAFFT, with other representatives of American and African milkweeds used as : :
two different clades. (Fig 2.)

outgroups. . .. . : :
Character exclusion sets were produced using GBLOCKS executing in Mesquite to The Orlglr%al dlvergenc? of the Sonoran Desert Cla(.ie was into eastern (A. coutlet,
A. sperryi, A. macrotis) and western (A. cutleri, A. leptopus, A. subulata, A.

subaphylla, A. masonii, and A. albicans) groups. (Fig 2.)
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Introduction

* The milkweed genus Asclepias (Apocynaceae) has been a model system in
studies of plant reproduction, plant defense, plant-animal interactions, and
increasingly plant genomics (Fishbein et al. 2018).

* Asclepias species are the sole host plant for the larvae of monarch butterflies, a
species of high conservation concern.

There are over 130 species of Asclepias in the Americas; there are 75 in the
United States and Canada, 75 in Mexico and Central America, and 8 in South
America.

The phylogeny (evolutionary relationships) of Asclepias has been used as a
basis to study the evolution of adaptations to insect herbivory and drying
climates (Agrawal et al. 2009, Fishbein et al. 2018).

The Sonoran Desert Clade consists of nine species in the southwestern United
States and northern Mexico and is the earliest diverging group of Asclepias
species (Fig 1., Table 1).

The unusual traits of the Sonoran Desert Clade make it an important group for
studying adaptations to aridity; the phylogenetic relationships of this group are
still not well understood.

* Whole chloroplast DNA sequences (plastomes) are a useful source of data for
determining phylogenies.

omit ambiguously aligned regions.

IQTREE was used to find the best fit model of sequence evolution and to estimate

the maximum likelihood (ML) phylogeny with clade support estimated by fast * Individuals within a species that came from relatively close geographical locations
bootstrapping. seem to be more closely related on the phylogenetic tree. (Table 1, Fig 2.)

* The hybrid individuals (A. a/bicans x subulata) are placed in two separate clades
indicating they had separate origins (Fig 2.)
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Conclusion/Discussion:

* The phylogeny from plastomes sequences is well resolved with bootstrap values
mostly between 90 and 100%.

A. coulteri_1790 Querétaro **
—_A. sperryi_1596 Texas *
| 100 :

A. sperryi_1884 Texas

99 E A. coulteri 045 Guanajuato

_ A. coulteri_1797 Guanajuato * * The results demonstrate that the original step in diversification was the formation
{ /:- COUﬁef‘f__?zigimauli?as ) of easten’l and western clades. | |
— . ‘ Courer — amauiipas ) * A. cutleti was found on a very long branch compared to other species. This has to
deal with how the species experienced more evolutionary changes than the others.
I{ The reason for this is unknown and needs further study. (Fig 2.)
r * * An interesting relationship that was found was the relationship between A. masonii
] 81[ ** and A. subaphylla. These two species are very rare and grow in restricted
N geographical locations (A. masonii on a single island off the shore of Baja
I_QT % California Sur and A. subaphylila on the coast of Sonora and Sinaloa), however they
o8 :‘ are each other’s closest relatives. (Table 1., Fig 2.)
L et P S For the species in which the individuals don’t form clades it is possible that there is
f A. leptopus_1821 Sonora * hybridization among species (Fig 2), because there are known hybrids between A.
A. leptopus_2132 Sonora * albicans and A. subulata. That makes their relationships difficult to determine.
A. leptopus_NY300 Sonora

* These results are found useful in furthering the knowledge on the relationships
among the species in the Sonoran Desert Clade.

oL B A. leptopus_137 Sonora

L} A. leptopus_NY299 Sonora
A leptopus_NY298 Sonora
gjl- A. leptopus_NY301 Sonora
A. leptopus_NY302 Sonora
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A subaplylla )\ Y . A. subulata Agrawal, A. A., M. Fishbein, R. Jetter, J.-P. Salminen, J. B. Goldstein, A. E. Freitag, and J. P. Sparks. 2009.
b - - , — - Phylogenetic ecology of leaf surface traits in the milkweeds (Asclepias spp.): chemistry, ecophysiology, and
Fig 1. These are pictures of the 9 species of the Sonoran Desert Clade A ol bulata 996 Galform insect behavior. New Phytologist 183:848-867.
. . albicans X subuiala_326 California ﬁ > Mo . l,h} Fishbein, M., S. C. K. Straub, J. Boutte, K. Hansen, R. C. Cronn, and A. Liston. 2018. Evolution at the tips:
Species Location g - @loicans_1558 Arizona trlg i ﬂ?xu;l:r:zr Lel; Oort Asclepias phylogenomics and new perspectives on leaf surfaces. Ametican Journal of Botany 105:514—524.
ee e a ese ; ; . . : 1
A. albicans Sonoran Desert in Arizona, California, Baja California, Baja California Sur, Sonora clade tree. Colors represent Straub SCK, F IShbefn M, LlVSh.ultZ T, Foster Z, Parks M, W?1tem1er K, Cmn{l RC, & LIStOfl A (2011) Building 4
PP Sierre Madre Oriental in Guanajuato, Hidaleo, Querétaro, San Luis Potosi, Tamaulipas 96 “ | - dividuals of the same model: (.1evelop1ng genomic resources for common milkweed (Asclepias sytiaca) with low coverage genome
‘ J 5 go, 5 ) P A. masonii_154 Baja California Sur snecies. States are included sequencing. BMC Genomics 12:211.
Colorado Plateau in Arizona, Utah A. masonii_1787 Baja California Sur % ff:) o Wilere the individual is Weitemier, K., S. C. K. Straub, R. C. Cronn, M. Fishbein, R. Schmickl; A. McDonnell, and A. Liston. (2014) Hyb-
A lepeopus Sierra Madre Occidental in Chihuahua. Sinaloa. Sonora A. albicans_003 Baja California Sur collected. Branches in bold Sec.lz Combining target enrichment and genome skimming for plant phylogenomics. Applications in Plant
' ’ ’ E A. albicans x subulata_282 Baja California Sur | 1, 100% bootstrap Sciences. 2:1400042
Mountain slopes in desert and grassland in Arizona, Colorado, New Mexico, Oklahoma, ;SA. albicans_422 California support; numbers indicate
Texas, Chihuahua, Coahuila, Sonora |_| support less than 100%.
A. masonii Sonoran Desert on Isla Magdalena in Baja California Sur Asterisk’s  Indicate  newly ACknOWIe dg cments:
. . . . . A. albicans_412 California * {ssembled plastomes. /
A. sperryi Mountain slopes in desert in Texas, Coahuila 0.0020 subst./site - Thank you to Victor Andreev, Hannah Villines, Blake Greene for helping perform computer analyses, and to
~t Shannon Straub for sharing plastomes assemblies. Also | would like to thank the OSU High Performance
Sonoran Desert in Arizona, California, Nevada, Baja California, Baja California Sur, Sonora o[ A albicans_0916 California Computing Center for access to the Cowboy cluster. Funded by the National Science Foundation.
Coastal dunes in Sinaloa, Sonora - A. albicans_2018 California

Table 1. Habitat and distribution of the Sonoran Desert Clade species.
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