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MICROSATELLITES FOR OENOTHERA GAYLEANA AND
O. HARTWEGII SUBSP. FILIFOLIA (ONAGRACEAE), AND THEIR
UTILITY IN SECTION CALYLOPHUS'

EmiLy M. LeEwis?3, JEREMIE B. FANTZ, MICHAEL J. MOORE?*, AMY P. HASTINGS?,
ERrica L. LARSON>®, ANURAG A. AGRAWALS, AND KRrissa A. SKOGENZ/

2Plant Biology and Conservation, Chicago Botanic Garden, 1000 Lake Cook Road, Glencoe, Illinois 60022 USA; *Program in
Plant Biology and Conservation, Northwestern University, 2205 Tech Drive, Evanston, Illinois 60208 USA; “Department of
Biology, Oberlin College, 119 Woodland Street, Oberlin, Ohio 44074 USA; SDepartment of Ecology and Evolutionary Biology,
Cornell University, Ithaca, New York 14853; and Division of Biological Sciences, University of Montana, 32 Campus Drive
HS 104, Missoula, Montana 59812

e Premise of the study: Eleven nuclear and four plastid microsatellite markers were screened for two gypsum endemic species,
Oenothera gayleana and O. hartwegii subsp. filifolia, and tested for cross-amplification in the remaining 11 taxa within Oenothera
sect. Calylophus (Onagraceae).

Methods and Results: Microsatellite markers were tested in two to three populations spanning the ranges of both O. gayleana
and O. hartwegii subsp. filifolia. The nuclear microsatellite loci consisted of both di- and trinucleotide repeats with one to
17 alleles per population. Several loci showed significant deviation from Hardy—Weinberg equilibrium, which may be evidence
of chromosomal rings. The plastid microsatellite markers identified one to seven haplotypes per population. The transferability
of these markers was confirmed in all 11 taxa within Oenothera sect. Calylophus.

Conclusions: The microsatellite loci characterized here are the first developed and tested in Oenothera sect. Calylophus. These
markers will be used to assess whether pollinator foraging distance influences population genetic parameters in predictable ways.

Key words:

The genus Oenothera L. (Onagraceae) has diversified across
diverse habitats of North America with conservative shifts in
pollinators (primarily between bees and hawkmoths; Raven,
1979) and more dramatic shifts in life history traits (Evans et al.,
2009). Oenothera sect. Calylophus (Spach) Torr. & A. Gray
(Onagraceae) consists of seven recognized species (13 taxa) di-
vided into subsections Calylophus (Spach) W. L. Wagner & Hoch
(O. capillifolia Scheele, O. gayleana B. L. Turner & M. J. Moore,
and O. serrulata Nutt.) and Salpingia (Torr. & A. Gray)
W. L. Wagner & Hoch (O. hartwegii Benth., O. lavandulifolia
Torr. & A. Gray, O. toumeyi (Small) Tidestr., and O. tubicula
A. Gray) (Wagner et al., 2007; Turner and Moore, 2014).
Ring chromosomes have been documented in all taxa in sect.
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Calylophus (Towner, 1977), with only O. serrulata exhibiting
permanent translocation heterozygosity (Johnson et al., 2014).

Oenothera gayleana and O. hartwegii subsp. filifolia (Eastw.)
W. L. Wagner & Hoch are gypsum endemics that often co-
occur in eastern New Mexico and western Texas, easily distin-
guished by floral characteristics associated with bee pollination
and hawkmoth pollination, respectively (Towner, 1977; Turner
and Moore, 2014). Because bees forage close to nesting sites
(Greenleaf et al., 2007) while hawkmoths can travel great dis-
tances (Stockhouse, 1973; Alarcén et al., 2008), differentiation
between populations is expected to differ between these two
plant species (Finger et al., 2014). Here, we characterize 11
nuclear and four plastid microsatellite loci to be used to con-
trast pollen and seed dispersal patterns in O. gayleana and
O. hartwegii subsp. filifolia. We also describe the transferability
of these markers to all 11 other taxa in sect. Calylophus.

METHODS AND RESULTS

We tested a combination of nuclear and plastid microsatellite loci. We
screened 36 unpublished nuclear microsatellite markers that were originally
developed for O. biennis L., using the microsatellite library prepared by Larson
et al. (2008) for studies of genotypic identification and herbivory (Agrawal et al.,
2012). In addition, the plastid genome of O. elata Kunth subsp. hookeri (Torr. &
A. Gray) W. Dietr. & W. L. Wagner (GenBank accession no. AJ271079;
Hupfer et al., 2000) was screened for large strings of single nucleotide repeats.
The plastid primers were designed for 12 microsatellite regions using the fol-
lowing settings in Primer3: optimum primer size 20 bp, melting temperature
60°C, and product size range of 100-300 bp (Untergasser et al., 2012).
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Both nuclear and plastid microsatellite regions were initially screened using = m| x - o E s m g
three randomly selected individuals of three species in sect. Calylophus: S Bl i 3 88c; 2888 ..aé
0. serrulata (Crosbyton, TX), O. lavandulifolia (Iraan, TX), and O. hartwegii g T )
subsp. filifolia (Caballo Mountains, NM) (Appendix 1). DNA was extracted I~ gl |25 a2 w3883 BI
from field-collected leaf tissue (Appendix 1) using a modified cetyltrimethyl- é g T ppunel A
ammonium bromide (CTAB) method (Doyle and Doyle, 1987). For nuclear 2l 3 s
microsatellite marker amplification, we used a 10-uL reaction containing 5 uL. 5 = < ] E § % oo g § § § @ § T
MyTaq DNA polymerase (Bioline, London, United Kingdom), plus 0.125 uL. 2 2 SSo o SSSss33s3 g
bovine serum albumin (BSA; 0.5 ng/uL), 3.375 uL DNase-free water, 1 UL template '§ S _‘.:x Al onacs | [=v o | B=
DNA, and 0.25 pL of both forward and reverse primers. The forward primers < I|© < 35’
were fluorescently labeled with WellRed D2 (black), D3 (green), or D4 (blue) S é <|o¥ogo—-—oo Yoo | &
(Sigma-Proligo, St. Louis, Missouri, USA). PCRs were run at 95°C for o a &
2 min, then 30 cycles of 50 s at 95°C, 30 s at 56°C, and 1 min at 72°C, with a g ||&| 12| GEKKIIASTRARE |=
10-min extension at 72°C. The plastid microsatellite primers were not fluores- o~ 2 & I
cently labeled but instead were amplified and labeled in two steps (Schuelke, § % =z| i & § P a82% 2222 Lﬁ
2000). The first PCR reaction mix was identical to above except that the for- = ‘3 =s) s
ward primer was designed with an M13 sequence (5-CACGACGTTGTA- 3 3 0 L
AAACGAC-3’) added to the 5" end. The PCR protocol was as follows: 94°C for 3 S < 3 § E 3 g oo Er? § % 9 § 3
3 min, followed by 13 cycles of 40 s at 94°C, 40 s at 52°C, and 2 min at 72°C, g - PRI The Bvibh B I S i °°;3
with a final extension of 10 min at 72°C. For the second step, an additional ! T S S
2.5 uL MyTaq DNA polymerase, 2.0 uL DNase-free water, and 0.5 UL of a labeled = % Ll 259 Iqornmallg |3
M13 forward primer (D2, D3, and D4) was added to each reaction to label any g >~ SCoc oo oocoooo Bz
PCR products that contained M 13 sequences. The second PCR performed an- § Bla]Taa | = | =—n =
other 27 cycles. The resulting PCR products were analyzed and scored using g = - ?2) =
a 400-bp size standard on a CEQ 8000 Genetic Analysis System version 0 <| PO~V annn - — _% E
9.0 (Beckman Coulter, Brea, California, USA). N © =
Of the 36 nuclear primer pairs screened, 14 did not amplify (GenBank ac- % 2| SASSSERAAZRAAS | g"
cession no.: KT762974-KT762987), 10 amplified unreliably (GenBank acces- S B = 2
sion no.: KT62988-KT62997), one was monomorphic (GenBank accession 3 Z| & = x ZZ% E ZEZ2EZ2 o =
no.: KT762973), and 11 were polymorphic, one of which (Oenbi2diA_C10; = e = rl,lj
Table 1) amplified two regions in O. hartwegii subsp. filifolia. These 11 poly- _; ol R S s B % =
morphic markers were further characterized using three populations of O. gayleana 3 5 Flo aaIFIR=2hornxs | >
and two populations of O. hartwegii subsp. filifolia (10-30 individuals per 2 g cocees ooo g =
population; Table 2). To test for cross-amplification, they were also tested on 3 a1l en Y o E 1l
three to five individuals from one population of each of the remaining 11 taxa = c|T|° sssg° o CscS |5 &
in Oenothera sect. Calylophus (Tables 3 and 4, Appendix 1). g £ %’ ¥
For the nuclear microsatellites, we report the following parameters for two f‘e <l = [ I O B 3 E:
to three populations of O. gayleana and O. hartwegii subsp. filifolia: sample g _ _ 5 :
size (N), number of alleles (A), number of private alleles (A,), observed hetero- ) = coooaTmaad I cﬁ
zygosity (H,), expected heterozygosity (H,), and deviation from Hardy—Weinberg = z| 2 222*2r2=2=22 | &
equilibrium (HWE) (Table 2, calculated using GenAlEx; Peakall and Smouse, ?—é - Iy *
2006). Significant deviation from HWE was observed in at least one population § g 2 fe2griss 2oz %’ ‘é
for eight primer pairs in O. gayleana and in four primer pairs in both popula- 2 T * * = S
tions of O. hartwegii subsp. filifolia (Table 2). Primer pairs were tested for g - e o Il
linkage disequilibrium for each pair of loci within and across all popula- %E slo|fl o Fo53BR22HITY g ol
tions using the log likelihood ratio statistic and Fisher’s method in GENEPOP 5} 5| S oooscsooso |, @
(Raymond and Rousset, 1995). No significant linkage disequilibrium (P < 0.01) 2 %: @ o o oo |5 4
was detected in either species, except two primer pairs (Oenbi2triA_D3 and Q 5, 2 T e e85 =59Cs55S | o =
Oenbi2triA_F5; Table 1) that share a reverse primer sequence and therefore are ﬁ_ S| = < 2 %0
likely to be amplifying the same region. For each population, the presence of null g B N S i e (. S %
alleles at each locus was determined using exact tests in MICRO-CHECKER ES ﬁ =
(van Oosterhout et al., 2004). Any potential null alleles detected in MICRO- 8_ T T - Yoaanss . “‘;
CHECKER corresponded with a primer pair that showed deviation from HWE — = ® o002 ﬁ k=
(e.g., Oenbi2diA_E9). We suspect that these anomalies may be due to the pres- - . 3 =
ence of ring chromosomes, documented throughout sect. Calylophus (Towner, kS =, RS P N
1977), or the small number of samples included. o0 z| 8 fesescsf ¥ 8213 B <
= jas) G = S
Of the 12 plastid regions tested, four amplified reliably and were polymor- = e B
.. . . . 5} < o o~ 0 <+ | = € =
phic in the two focal species (Table 1). One region (OenelCp5) occasionally 2] Plo foRfcolcoFS (88 Iy
produced two peaks; this may be due to stutter or because this region is located 2 = S oS S SSI |EX £
within the inverted repeat in the plastid genome. The peak pairs were repeatable b, T v~ m oo~ 23 m
and consistent across individuals, hence only the largest peak was scored. E 2 | © cofloB8cmiE | E %
Across all species, these four primer pairs identified 28 haplotypes, with one to & = SS S SSo | 'é =
seven haplotypes per population. Most haplotypes were unique to each popula- = S = == Ja = i Lg
tion with the exception of one shared haplotype between O. lavandulifolia and = ":3 ° g v
O. hartwegii subsp. maccartii (Shinners) W. L. Wagner & Hoch and one between - = T oA = amnaa = 20 E
two populations of O. gayleana (Yeso 62/180 and Fort Sumner; Tables 3 and 4). © g | Yeoewwneocwmavoon & g §° E
2% 5528
22 2 vemaoma |ELET
x & S, %|<\<IU\QILUILLIEIEIO g E
CONCLUSIONS = < <TTII<<CLE |§g§
The 11 nuclear and four plastid microsatellite markers were 2 3 % % g % g % g % % % g SELD
polymorphic and reliable in O. gayleana and O. hartwegii = S8 8888888888 g
http://www.bioone.org/loi/apps 30of6

Downloaded From: https://bioone.org/journals/Applications-in-Plant-Sciences on 05 May 2024
Terms of Use: https://bioone.org/terms-of-use



Lewis et al.—Oenothera sect. Calylophus microsatellites

Applications in Plant Sciences 2016 4(2): 1500107

doi:10.3732/apps.1500107

‘suoi3ar om) pagrdury,

"SIOYTRW )I[[QJBSOIOTW JEA[ONU YIIM P2JS) S[ENPIAIPUL JO IOqUINU = ONU N (20N

Py JoAry noIgN;
TLI-SST L61 60781 881 LYT¥¥T 79¢-08¢ L6~16 9LI Tee01¢ 681—¢v1 681  €81-L91 ¢ Yourg  -dsqns vnoigni -0
psomsLIS
PLI-TST 90C-9LI 90T-L61 161-881 ¥e §97—279C 6 881-9LI €Ie LST—¢V1 L61-681 LLT ¢ uorsuedsy e dsqns ppnoigni -0
uokue))
414! 881 190t 00681 Pre-1ve YLT-6ST [48 540 9L1 LOE—Y0€E 691-LST €81 - S Krouig 1oumoy -
081-¢ST 161-6L1 €0T—00T L61-881 0ST-1¥C 897—79C 76 LT 0Te-T6¢ 6S1—+C1 €61-L81 LLT S uvel]  piofynpurav] "
suaosagnd
891191 S81-C81 60C—€0¢ 761-881 LYT¥C 65T 76 9L1 0ce-ILT ELI—EST €61-681 LLT S Lyouey dsqns 1520101 "0
11ADIODU
191-6¥%1 881-C81 €0T-L61 0C-881 0SC—¢¢€C 8LT—T9C 6 9LI Tee0Te €CI-LET S61-€81 LLT S viedez  ~dsqns nsomumy 0
nsomuivy
LLT=6V1 881-C81 81C-L61 761-881 LYT¥C §97—279C Y6 9LT Tee¢I¢e TLT-€ST €61-681 6LI-LLT S idezepy  dsqns 252mvY O
LLT=TST 881-L91 SI1T—681 L61-881 0Sc—teT 1LT-0ST 6 9LT 8€C0I¢€ 181-6¥1 S0T—S81 LLI-L9T  0€ WA O[[eqe)
vijofity
LLT=TST 161-L91 90T-L61 L61-681 0ST-1¥¢ 1LT-9ST Y6 T8I—€LT SEE-L0OE T61-¢P1 S0T-161 6L1-691  0F SIITH 0sax  “dsqns usomsy "0
uappuaf
0LI=SST 761-681 L6l 761-881 e €97-65C L6—16 9L1 YLT 191-¢6¢61 161-6L1 - S weq odsien dsqns nsomuvy "9 viSuidipg
1€l 161-881 60C—881 00C—¥61 0Te-6¢T 89T S G8I-9LI €Te—¢Ie 0€1-0T1 €81-0LT — S uo1kqsor) DIDINLIZS "0
PEI-TET 161-S81 817—€0T 61 €Te—6¢€T 897—69C L6—S8 S8I-9LI 9Te—€I¢ (13 e €81 — 0]  Jouwng 310q
LLTI-TET Y61-C81 817—¢€0T 61-881 0Ce—T 897-0ST 16-C8 G8I-9LI 9I¢ €e1-cel €81 LLT 01 081/29 0SA
ILI-T€T P61-161 817—¢0T 61 0Te—¥e 89T €01-6 G8I-6LI 91¢ €61-CCl1 €81 — 91 S[ITH 0SoX upa|s 0
vijofijidvo
-dsqns
8SI—¥El 881-6C1 90T-00¢ 61 See—vie 897—69C SII-00T 881-9LI €CE01¢ ogr-ccl €81 — S 9preAn vijofijdvo -0
L21puv]iaq
-dsqns
1€l Y61-161 60T-00C Y61-161 €5T-T€T 897-59C — S81-9LI £2€-0T€ 0€1-0T1  S6I-I8T  — 8 SUBqRUOIN vijofijidvo g snydoj<py
0IMEEIQURO TH VINZIQUOO [H VIIZIQUAO G4 VIIZIQURO $H VINZIqUOQ €0 VHIZIQUOO 9D VINZIqUaQ) GV VINZIQUOO [V VHIIZIQUOO 6H VIPZIUAO 01D VIPZIquag  onu N - uone[ndod soadg uondasqng

‘uostredwod 10§ papnfour
are pijofijyf dsqns 118amuivy " pue puvaj S ‘O WoIy SINSAY ‘snydoj{Ip) 1S P42YIOUI) UIYHIM BXE) [RUONIPPE ] O} U SII[[9JLSOIONW Jed[onu Jo uoneoyijduwe-ssod Jo sjnsay ¢ 91av],

40of 6

http://www.bioone.org/loi/apps

Downloaded From: https://bioone.org/journals/Applications-in-Plant-Sciences on 05 May 2024

Terms of Use: https://bioone.org/terms-of-use



Applications in Plant Sciences 2016 4(2): 1500107
doi:10.3732/apps.1500107

L 3
g 5
s |3
) Ol AN =~ - — ~ O — = o —— ]
= 3
= =
=
Q" &
2 Z
)
S
v
¢
= S
= = 222 oo
5 o E=NR=N = =)
O == =0 0wn g—~0—=QqAWA I O0n
= S|l L LI E T D DDA D
Q gl === 2 2
]
=1
=
S
S
S
& —
=
g o ) &
So O @l —en = o — O N\ O WY
=l aoaa oo 8 | AR D
= 3 < B
S
=)
72}
E
@ (@) > — el
~ LR owon o9 o~ ~avod
~ TITERRL T | RS SRR
I wnenonononaAl o o on NN Al Al
2 < = N )
= 5 cn cn I3} I3}
IS a.
S
= |8
~ Q
S =1
Q 5}
. Ola o o 0~ o IS
o O ® _ ® A= =N —
Q mmemONTNMM—ﬁNOY
2 |0 | o & I L= =~
b
g o o o on A on o
3
S
9 [5)
< =
£ & 2 258 =
= O TRV A mans |8
= S| OO0 lwvww & | | | 0O0OL0o0w |2
z Sl NN AN fFoaadaddaaa |«
S o & S&S8 3
:|° i
= 1]
— <
s =
=
S @
] j=¥ =
= Q AN TSSO N NN NN onon Q
3 z — =R e
= E
— =
- a
3} =
= = 3 2
K= = £ : S | g
P 2 LE 5 5 285 |8
5 2| 2 Z<ZEERZ= SZL2|5
= = S EJES =T o O 5E |2
= = Q5 o= &~ S &
3 B2l S8T0oZ2 22T =285 3% |E
= o == o 0 2.LZ 0 IR SLETLTS |7
< -} o‘“mmﬁ:ov—m.ﬂ“mﬂmc 3 2]
1% 00050 T 8 S.E =S
<] SO >ELO0OX0OANKE AR |
2 2
-S %
=
Z TS £
— ~ = . “ =
a. S o= 2 2
- == s HES 3 <
1) S = S = ¥ S5 | o
TQ. ~ = éb 2 ~ = -
= S S S8 £33 5218
S < 3 ST S873F »E |8
5 |lg] a2 S5 S5% 0 5% %
=1 el &3 [N TR ST SV R |
= o @ @ L DDy c.o | B2
= 2| 22 95 ©£o93 2 2 (2
2 al @ ERE 5232% ©S28|%
E 97} 33 .m @ .z/: .m AmQ 33 Rt
5 g TEs IES SERI-ss|E
2| |S55 §TY TEEEREYE,
2= == 3 S fSEfE£s5sS88|B4
< QA S OS S SN N =]
5 S SS SSSE3tR|(go
o & RN ESss S2SIRFE|28¢
‘4—4& “© ~ KRR o By
R - o o
28 QT SQAQd QO SH
=5 :g
Z< M=
O T ko]
~ o 573
Ellsl g z &
<75 |2 = S -
=) 5] 1 So Q2 E
202 = = S £
2
2 ||Z| ® = = -
= nl O A

http://www.bioone.org/loi/apps

Downloaded From: https://bioone.org/journals/Applications-in-Plant-Sciences on 05 May 2024
Terms of Use: https://bioone.org/terms-of-use

Lewis et al.—Oenothera sect. Calylophus microsatellites

subsp. filifolia and in some populations of the remaining 11 taxa
within Oenothera sect. Calylophus. These markers will be used
in future studies of genetic differentiation between populations
in the bee-pollinated O. gayleana and the hawkmoth-pollinated
O. hartwegii subsp. filifolia. In addition, they will be useful for
investigations into gene flow within and among other taxa in
sect. Calylophus and may help identify populations and species
that exhibit translocation heterozygotes in this group.
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