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Abstract

We examined the potential utility of museum specimens as a source for genetic analysis of fairy shrimp.
Because of loss of their vernal pool habitat, some fairy shrimp (including Branchinecta sandiegonensis and
B. lynchi) are listed as threatened or endangered in Southern California by the United States Fish and
Wildlife Service. Management of those species requires extensive population genetics studies and the
resolution of important genetic complexity (e.g. possible hybridization between endangered and non-
endangered species). Regulations mandating deposition of specimens of listed species have resulted in
thousands of specimens accessioned into the Natural History Museum of Los Angeles County that have
been preserved in a variety of solutions. We subsampled those specimens, as well as other Anostraca with
known collection and preservation histories, to test their potential for genetic analysis by attempting DNA
extraction and amplification for mt16StDNA. Fixation and preservation in not denatured ethanol had
a far greater sequencing success rate than other (and unknown) fixatives and preservatives. To maximize
scientific value we recommend field preservation in 95% not denatured ethanol (o, if pure ethanol is
unavailable, high-proof drinking spirits, e.g. Everclear™, or 151 proof white rum), followed by storage in
95% not denatured ethanol.
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Introduction

The largest collection of endangered Southern Californian fairy shrimp in the United
States of America is at the Natural History Museum of Los Angeles County (LACM).
The LACM is working closely with the United States Fish and Wildlife Service (USFWS)
to increase the scientific value of these specimens for both morphological and molecular
studies. Fairy shrimp occur in ephemeral vernal pool habitats worldwide (Keeley and
Zedler 1998). In densely human populated areas, their fragile habitats continue to be
severely degraded and many have been destroyed by urbanization (Bauder and McMillan
1998, King 1998, Simovich et al. 2013).

At least 15 plant species are recognized as threatened or endangered in California
vernal pool habitats, but only a few invertebrates are similarly recognized (USFWS
2005). Branchinecta conservatio, B. longiantenna, and B. sandiegonensis are listed as
“Endangered”, and B. lynchi is listed as “Threatened” by the USFWS. In California,
the USFWS issues permits for the collection of fairy shrimp and requires the deposi-
tion of endangered and threatened species in one of two repositories: the LACM or the
California Academy of Sciences in San Francisco. Traditionally, Southern California
specimens come to the LACM and northern California collections go to the California
Academy. Since 1995 about 5,000 lots of B. lindahli, B. lynchi, and B. sandiegonensis
have been accessioned into the LACM collections. This represents about 95% of our
total anostracan holdings.

Simovich et al. (2013) suggest that human disturbance is increasing the generalist
B. lindahli’s range, which in turn is eroding the native range of B. sandiegonensis. Due
to increasing sympatric distribution of these species, these authors (and Fugate 1998
before them) claim that the endangered and non-endangered species (B. sandiegonensis
and B. lindahli) are hybridizing, thereby threatening the genetic integrity and persis-
tence of B. sandiegonensis. Using a PCR-based screen using mitochondrial DNA to de-
termine maternal lineage, in conjunction with morphological examination, Simovich
etal. (2013) claim putative hybrids share their maternal DNA with the more common
species at a site. Unfortunately, their claims are not testable or reproducible as the
specimens used in their study are unavailable. Aside from this study, only an unpub-
lished master’s thesis exists that addresses genetic aspects of putatively hybrid popula-
tions of Southern California Branchinecta sandiegonensis (Andrews 2013). That study
depended on prior researchers’ assessments of hybridization in individual pools. These
claims of hybridization underscore the need for comprehensive molecular studies to
characterize the actual genetic diversity and species boundaries of Southern California
fairy shrimp before further management and remediation recommendations are made.

In contrast to the lack of work being conducted on endangered Southern Cali-
fornian fairy shrimp, there has been a large amount of work studying the genetics
and phylogeographics of the endangered Californian salamander Ambystoma tigrinum
(Amphibia: Caudata: Ambystomatidae) (Ryan et al. 2009, Johnson et al. 2010, John-
son et al. 2011). These studies were made possible in large part by a very extensive
collection of samples — tail clippings — of A. zigrinum that span the salamander’s
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geographic range through the last 25 years. Just as important as the breadth of the col-
lection of tail clippings was that these samples were preserved with a method that made
them accessible for molecular study decades later. The findings from these studies have
already helped the management of A. zigrinum by identifying which populations have
the greatest genetic diversity and allowing USFWS to target high value populations
for increased protection (Johnson et al. 2011). The LACM is working closely with
USFWS to assemble a collection of endangered Californian fairy shrimp necessary
for similar genetic and phylogeographic studies. Both the LACM and USFWS fully
expect that one day such studies will help better inform and shape the management of
endangered fairy shrimp.

In this study we test whether preservation in pure not denatured ethanol makes
anostracan museum specimens more readily accessible for molecular studies over
anostracan museum specimens that had historically been fixed in denatured ethanol,
isopropyl, or even acetone, then transferred into pure not denatured ethanol. Our study
compares the success rates of amplifying a fragment of mt16SrDNA for specimens pre-
served in not denatured ethanol and for specimens in other preservatives. Because of
their rarity and the difficulty in collecting fresh fairy shrimp specimens, being able to use
specimens already in museum collections would be advantageous. To improve the utility
of future collections, we suggest improvements in field and post-field preservation and
handling based on our findings. If adopted, these improvements will greatly enhance the
genetic usefulness of specimens and thereby allow more thorough assessments.

Methods

Material examined

We first inventoried, digitized, and georeferenced our entire anostracan collection —
approximately 5,000 lots. We selected 50 specimens from across the taxonomic range
that had been contributed by different collectors and consulting companies using a
range of different field preservatives prior to deposition at the LACM (at the LACM,
all specimens are transferred from the field preservative into fresh museum-grade not
denatured ethanol). We then attempted to amplify a ~550 bp mt16SrDNA fragment
(see Table 1).

DNA extractions

The starting material for DNA extractions varied among samples, one thoracopod to
an entire animal, depending on total animal body size. Tissue samples were placed on
paper towel to dry. Precipitation Reagent (Epicentre MMP03750) was added to each
sample and vortexed vigorously for 10 sec., then centrifuged at 4 °C for 10 min. at
14,000 rpm. The supernatant (-300 pl) was transferred to a 2 ml tube. Genomic DNA
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was extracted and purified with a Quick-gDNA™ MiniPrep Kit (Zymo Research) fol-
lowing the manufacturer’s instructions, and eluted in a final volume of 60 pl of dis-
tilled water (in two elutions of 30 pl). Double-stranded DNA concentration of extrac-
tions was quantified using a Qubit 1.0 Fluorometer (Life Technologies) (see Table 1).

PCR protocols

The mt16SrDNA fragment was amplified with universal 16Sar and 16Sbr primers
(Palumbi et al. 1991) and both strands were sequenced. PCR reactions were done in a
final volume of 50 pl. The volume of DNA used in each reaction varied from 2-25 pl
depending on the DNA concentration measured on the Qubit. When possible, we
tried to use at least 50 ng of DNA. Two different PCR reaction setups were used, as
some samples successfully amplified with one, but not with the other. The first setup
consisted of 10 pul of GoTaq Promega Buffer 5x, 5 ul of 2.5 mM MgCl, 4 pl of a
10 mM dNTP mixture, 2 pl of each primer at 20 uM, and 0.3-0.5 pl of GoTaq Poly-
merase at 5 U/pul (Promega). The second setup consisted of 25 ul of a 2x PCR Master
Mix with 1.5 mM MgCl, (Thermo Scientific), and 1 pl of each primer at 20 uM.
Both positive and negative controls were run in each experiment. Amplifications were
performed in a BIO-RAD S1000 Thermal Cycler, with the following thermocycler
conditions: an initial step of 5 min. at 95 °C, 35 cycles of 30 sec. at 95 °C, 30 sec. at
48 °C, 45 sec. at 72 °C, and a final extension of 10 min. at 72 °C. Amplifications were
checked by running 5 pl of the PCR product on a 1.5% agarose gel. All failed am-
plifications were retried at least twice with different polymerases, buffers, and MgCl,
concentrations. Successful PCR reactions were then purified with a DNA Clean and
Concentrator-5 Kit (Zymo Research) and sequenced with both primers at Laragen
Inc, Culver City, CA. Chromatograms were visually inspected and edited with 4Peaks
(Griekspoor and Groothuis 2014).

Contamination screening

Sequences were edited and contigs assembled in the software program Sequencher
(Gene Codes Corporation 2004), and all contigs were BLAST searched in the NCBI
database to verify they were not contaminants (.e., that sequence was indeed from the
taxon of interest).

Statistical testing

A Fisher’s exact test (two-tailed, «=0.05) was used to determine whether there was a
statistically significant difference in sequencing success between the ethanol-preserved
and other samples (Zar 1999). A Qubit 1.0 Fluorometer (Life Technologies) was used
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to quantify double-stranded DNA (Table 1). A one-tailed Mann-Whitney U test (Zar
1999) was used to assess statistical significance between double-stranded DNA con-
centration and amplification success.

Results

Of the 50 individual anostracan samples on which we attempted PCR amplification,
13 were known to have been fixed and preserved in pure 95% ethanol, and 37 samples
had unknown preservation histories but were suspected of being fixed and stored in
denatured ethanol sometimes for years, until they were incorporated into the LACM
collection. Of the samples fixed and preserved in 95% ethanol, 62% (8 out of 13)
yielded useable mt16SrDNA sequences. In contrast, of the samples with unknown
fixative and preservative history, only 3% (1 out of 37) yielded useable mt16SrDNA.
The nine sequences generated here are available on GenBank (see Table 2). Sequencing
success between samples fixed and preserved in ethanol and other samples was signifi-
cantly different (Fisher’s exact test, two-tailed, P < 0.0007).

The one-tailed Mann-Whitney U Test showed that there was a difference (at the
« = 0.05 level) between Qubit measurements of double-stranded DNA concentra-
tion for successful sequences vs. failed sequences, when amplifications of contaminants
were considered as failed amplifications. However, direct examination of the data (see
Table 1) showed that DNA concentration was a very poor predictor of sequencing suc-
cess (except for the case of 0 or near-0 readings, which invariably failed).

Discussion

Existing museum specimens

Specimens known to be collected and preserved in 95% ethanol were successfully ex-
tracted, amplified and sequenced at a much higher success rate than those with un-
known preservation history (probably denatured alcohol). Although some specimens
enumerated in Table 1 indicate that they were preserved in 95% ethanol, label data
does not distinguish denatured from not denatured ethanol, and the additional collec-
tor information provides only hints of the actual preservative in most cases. Specimens
preserved in 70% denatured ethanol in the field and subsequently transferred to 95%
not denatured ethanol failed. Based on previous experimentation, neither acetone nor
isopropyl alcohol preservation resulted in successful amplification, so these preserva-
tives were excluded from this analysis. Similarly, specimens known to have been ex-
posed to formalin were excluded, as all previous attempts have failed for these types of
broad taxonomic, spatial, and temporal studies using Sanger sequencing approaches
(RW, pers. obs.). The interactions of formalin with specimens result in denaturation of
the DNA and a variety of other reactions (Tang 2006). Additionally, over time, oxida-

Preprint: publication expected late 2014



11

Genetic utility of natural history museum specimens...

600T°9€0"CTAN Y] " "N 2240g "] *§ RAM Y 10D "% DA “T00T

s snmadluoogvey g

uonipadxy eoSUoN ‘0Z0#SJID "T00T SNy 7T oUrYId 9466 99U ysaw wirl ¢9 ‘0,87 dd [T ‘ojoy Surreiem Lun o1 paonpar $/S06LT sepireudssoute
axpe 98] “I, 185 H0T ‘NoFTH Sh <(In) Aeueyyy 108 peeyseyy]) LeSueyadp jo 1samyriou Sewre 1a03pun(y eroSuojy PEPIEY L
9102'L00'€ LAV {00D-ddeug 1011000 sjwyd201d2419

(71190 "1900T DI "600€ 1dy 1 sreas Aymur ‘daap sagour yz-g1 ‘wr o¢ x wr G [ood [Pusan N\8IELTT ‘No8OT'€E Xo[dwod | §/c06La |* 1 g 0

JO pud urdyINos 1€ J00d 35Ie] S[OO] [RUIIA UOTILIG IINWWIOD) SUET BMIASUIO] ‘PE]S[IRD) A1unor) 03a1(J Ues ®ruIofie]) ‘yYSN PepIEY S
0207 THTTIAY 4R[S *( pue 1asneH W CLC06L ds sndyyouvagny
TOD "T10T BN GT "TOURYIR 046 “puey ey Arerodwa) M ,/6T° 17T ‘No6S$9 0% BT U0SIOJ ‘AIUnoy) UdsseT “BruIofife)) VSN 23 :aeprpeydaoorry))
8T0TFCO'CTAY JoY2ruag -ds smpqdaou)

"@'N 2ohog "T'S @m0 1€F DA ‘TO0T uonIpadxy erosuo ‘910#SdD "Z00T SNV 7T TOUBYI 96$6 WU YSIW | 7/S06LIN seprmeydanont
wr ¢9 ‘0, 7°¢7 9dd 1-0 ‘puod 2108 7 “T,90T°S0T ‘NLSE1°9% ‘(Aefepauapry) Aefeq uidueg reou ‘Gewre 1a03pun(y eroSuoly PEPIEY Mo
820T'950"€ LA Sj00)-ddeug “[ 110D "9sZE IDIAN ‘S¢S 5 ‘9T # AT 41D "710¢ 1dy T "[ouea 966 1C06L yqrpus] voausguvig
peox a11p ur [ood [BuIOA ‘M, 7T LTT ‘No8TE TE QAISAI UTRIUNOJA PuiTe)) ‘0321(] ueg “1unor) 08a1(] ueg “eruIojie)) ysn I 43 :9BPIIOAUTYDOUEIG
£T0T'8%0"€ 1A “ooD-ddeug [ 0D "65TE 1D ‘8¢ SJ sI ‘0T # A1 41D 7107 1dy T [ouryd 9466 0£506L Hevpur) vidsurgouvLg
‘peorap ur _oo& [BUIA M STTLTT ‘NoTE6 TE QAT UTBIUNOJA [2UIIR)) ,owme ueg .b::oU oquD UES ‘BIUIOJIED) YSN 4 2EpnAUIYOURIg
9207 Ly0"€ 1A HooD-ddeug [ j0D "8¢Te 1IN L€ SJ st ‘Tt # A1 41D 710z 1dy T [ourya 9466 69506 Hqvpur] vrourgourvig
‘peor 111p ut [0od [euIdA M\ ,GTT LTT ‘NLEE6'TE QAT UTRIUNOJA [wiie)) ‘08a1(] ueg K1unoy) 03a1(] ueg “eruIofie]) “yYSN 9 43 :9epnOdUIYPURIg
TO6TTHO CTAY 1739\ Y UNS J TEA\ 'V ‘UBWIQRIT D) 00D yqppuy vawgung

-ddeug [ '[[0D €911 DAGIN ‘Tz# [00d S[ 1107 22 8T "[OUrYd 9466 ou wl ¢g Kpmu Apy3iys 101em SUo] "1J 87 Opim 1y 896061 .3 N.Nm\ :uw& Quzﬁ

g “doap ‘ur  [0od [euIA M\, TTLTT ‘No6T6'TE OATISIIJ UTEIUNOA] [Purre)) ‘03a1(] ueg “A1unor) oSa1(] ueg ‘erurofife)) ysn PrpRosuIpEY
800T 7Y T TIMY TosneH /9C06/D1 vo1UoUL PIUIILY
ACTIOD "0T0T Ue[ [ JoUeyID 04GG “OYE] wc:_wmuwn;ﬂ_ MoCT0 6T~ NoITO 8~ 93BT OUOIN XE:oU OUOJA ‘BIUIOJI[RD) VSN 9 2EPITWRTY
A11Tes0 | *oN yuequon) sapads/snuan)

‘INDVT 10/pue §A\.ISN & [y uo are situniad parmbayy “fiunory soppBuy so Jo wnasnjp A10ISTH [eImIeN] 2y Jo suon

-O9[[02 o3 uT —uuuMmOQUT 21t YN pue wﬁoﬁ\:uw&w [y "uonewrojur \Au:NUO— pue don—ESE Juequan) “Awouoxe) :saouanbas EoRIISOUY YN (1S9 [IW mau auIN *Z 9|qeL

ted late 2014

ion expec

publicat

Preprint



12 Adam R Wall et al. | ZooKeys @@: @@-@@ (2014)

tion of formaldehyde in formalin to formic acid produces an acidic solution resulting
in the scission of DNA. The smaller the specimen, the greater the effect, and the lower
the likelihood of success of long strand DNA extraction. The Tang (2006) study, com-
missioned by the National Academy of Sciences, provides a detailed (and discouraging)
review of DNA extraction and sequencing from formalin-fixed biological samples.

Collecting recommendations

Our aim was to maximize the scientific value of specimens and their biological useful-
ness for future studies. First, the results of our study make a very compelling case that
initial specimen fixation and preservation in the field should use 95% ethanol — noz
denatured ethanol or other alcohols. If not denatured ethanol is unavailable, we rec-
ommend fixation and preservation in 100 proof (or higher) vodka, rum, Everclear™,
or similar drinking alcohol, rather than any sort of denatured alcohol. This method,
although the next best choice, has been successfully used during expeditionary work by
one of us (RW) since the mid-1980s. Although 100 proof spirits are only 50% ethanol
by volume, the quality of the alcohol matters more than the concentration — if you
cannot drink it, it’s #or good for specimens. Second, specimens should always be in a
volume ratio of at least 3:1 alcohol:specimens to avoid degradation from dilution of
preservative by body fluids. Third, once specimens are returned from the field, ethanol
should be replaced with fresh 95% not denatured ethanol to compensate for dilution
of the preservative by water extracted from specimen tissue.

In addition to the changes we suggest for the fixation and preservation, we also suggest
changes to the type and number of voucher specimens being deposited after an environ-
mental impact report is completed. We recommend accessioning specimens of all species,
whether listed or not (e.g. whether endangered or threatened, or not). For example, simply
accessioning both the listed and non-listed species will make it possible to definitively
address questions about hybridization between B. sandiegonensis and B. lindahli. Further-
more, depositing all specimens collected for a survey, not just a single voucher specimen
for each species, will increase sample sizes to enable population level molecular studies.

These small improvements to collecting protocols will make it possible to derive
high-quality data for future biodiversity and phylogeographic research. Since the sacrifice
of endangered and non-endangered crustaceans is necessary to evaluate their presence
and abundance in the wild, they can become a valuable historic resource if properly
curated and deposited.
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