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MOLECULAR GENETIC IDENTIFICATION TOOLS FOR THE UNIONIDS CF
FRENCH CREEK, PENNSYLVANIA

Laura B. White," Bruce A. McPheron,? & Jay RB. Stauffer, Jr.

ABSTRACT

A molecular genetic key to the unionids of French Creek, Pennsylvania, an Allegheny River
tributary, is presentad here. The key is an integral part of a new approach to identifying unionid
glochidia larvae attached to host fishes in the drainage, Working with tissue from adult union-
ids, we uzed the polymeraze chain reaction (PCR) followed by restriction enzyme digests to find
species-spacific genetic “fingerprnts”™ for the 25 species in the drainage. We have demon-
strated the utility of the key by using it to identify 70 glochidia attached to fishes collected in the

French Cresk drainage.
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INTRODUCTION

Morth America's freshwater mussels (Bi-
valvia: Unionoidea) are declining precipi-
tously in richness and abundance {e.g., Den-
nis, 1987; Anderson et al., 19971; Nalepa et
al., 1391; Williams et al., 1992, 1993). Sizable
gaps in knowledge of unionid reproductive
requirements hamper current presenvation
efforts. Information on the identities of the
host fishes upon which unionid glochidia lar-
vae are obligate parasites is especially in-
adeqguate. Traditional methods of gathering
such data have a variety of drawbachks.

To date, lists of unionid host fishes have
been derived primarily in two ways. The first,
which has its roots in artificial propagation
efforts (e.g., Lefevre & Curtis, 1910, 1912;
Coker et al,, 1921), involves incculating pu-
tative hosts with glochidia taken from gravid
famales of the unionid species of interest,
Fishes in aquaria that ultimately contain meta-
morphosed juveniles are considered suitable
hosts {e.g., Zale & Neves, 1982; Waller & Hol-
land-Bartels, 1988). Unsuitable hosts launch
immune responses that thwart glochidial en-
cystment, preventing further developrment
and causing glochidia to be shed (Arey,
19234, 1932).

As the completion of metamorphosis re-
quires a week to several months of attach-
ment (Zale & Meves, 1982), this approach is
often time-consuming. It is also ill-suited to
systems with large numbers of potential host

fishes. Maoreover, drawing inferences from in-
oculation studies can be complicated by the
fact that “suitable” host fishes can appar-
ently acquire immunity to glochidia with re-
peated exposure, the duration and species
specificity of which are poorly established
(Reuling, 1919; Arey, 19230; Fuller, 1974), To
abtain unambiguous results, it is often nec-
essary to collect putative hosts from unionid-
free streams or to inoculate naive fishes bred
and raised in the laboratory. Finally, while
artificial inoculation methods are appropriate
if labaratory propagation of unionids is the
only goal, the results of such studies might
be inapplicable to organisms in their natural
environments. Such studies disregard micro-
habitat preferences and specialized mor-
phologies and behaviors (e.g., the waving of
fish-like mantle flaps by gravid female Lamp-
silis species; Ortmann, 1911; Kraemer, 1970)
that might modulate unionid-fish interactions
i =it

To circumvent these problems, several in-
vestigators (2.g., Wiles, 1975; Stern & Felder,
1978) have attermpted morphology-based
identification of glochidia attached to fishes.
Such determinations have thus far entailad
identifying the glochidia using dissecting mi-
croscopes or compound light microscopes.

There are drawbacks to this approach as
well. Glochidia are less than 1 mm in diamater.
Encystment makes them difficult to observe
and might influence their shapes in unpredict-
able ways (Wiles, 1975). Closely related spe-
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cies, such as Villosa nebulosa (Conrad) and
Villosa vanuxemensis vanuxemensis [vanux-
emi] {l. Lea) (Zale & Neves, 1982}, are difficult
ta distinguish from each other and are easily
misidentified. Hoggarth {1992) reported that
glochidia photographed by Wiles (1975) and
identified by the author as Pyganodon [An-
odontal cataracta (Say) were actually Alasmi-
donta undulata (Say). Clarke (1981, 1985),
Rand & Wiles (1982), and Hoggarth (1988)
demonstrated that scanning electron micros-
copy can be used to distinguish among
glochidia taken from gravid females. Whether
their techniques can be adapted for species-
level identification of glochidia from host
fishes remains to be investigated, however.

The objective of the research described
herein was to develop a new method for
identifying glochidia attached to fishes, a
method that exploits genetic differences
among unionid species. The method utilizes
restriction  fragment  length  polymorphism
{RFLP} analysis of polymerase chain reaction
(PCR) products. In combination, PCR and
RFLP analysis are useful for performing sen-
sitive analyses of minute guantities of DNA
(e.g., Whitmore et al., 1992; Simon et al.,
1993), such as those present in single
glochidia. In short, a diagnostic suite of re-
striction sites {or “genetic fingerprint”) is
sought for each unionid species in the drain-
age of interest. Glochidia on host fishes are
then identified on the basis of the 'finger-
prints"” they possess.

MATERIALS AND METHODS
Study Site

The aguatic system for which the glochidial
identification method was developed is the
French Creek drainage, in southwestern New
York and northwestermn Pennsylvania (Fig. 1).
French Creek is a fourth-order tributary to the
upper Allegheny River. |t drains approxi-
mately 3,000 km®. Twenty-five unionid spe-
cles (C. Bier, pers. comm.) and 53 fish spe-
cies (J. Stauffer, unpubl. data) have been
collected from the French Creek drainage re-
cently, making its fish and molluscan faunas
the richest in Pennsylvania. Two of the drain-
age's unionid species, Epioblasma torulosa
rangiana {|. Lea) and Pleurcbema clava {La-
marck), are federally endangered and have
na known hosts. Two additional species are
considered globally threatened and seven

are of special concern (Williams et al., 1993);
of these nine, five have no known hosts.
LeBoeuf Creek is thought to harbor higher
densities of F. clava than any other part of the
drainage (A. Bogan, pers. comm.), To assess
the utiity of the identification technique,
fishes were collected from LeBoeuf Creek at
Moore Road bridge, just east of Route 19, 3
km south of LeBoeuf Gardens, Pennsylvania
(Fig. 1). Full descriptions of the site and col-
lection procedures are given by White (1994),

Specimen Collection and Preservation

Adult unionids. Adult unionids were col-
lected throughout the French Creek drainage
{Fig. 1, Table 1) in 1991, 1992, and 1293.
Numbers of unionids collected ranged from
one to 23 per species, with a median of six.
Adult Lasmigona costata (Rafinesque), Am-
blema plicata (Say), and Lampsilis siiguoidea
(Barmes) specimens were also collected from
West Virginia (Dunkard Creek) and Ohio
(lower Muskingum River, Little Muskingum
River, and Big Darby Creek), so that their ge-
netic “fingerprints’ could be compared with
those of French Creek specimens to evaluate
the key's applicability to other drainages.

Adult unionids were collected using masks
and snorkels or Plexiglas-bottomed buck-
efts, Monendangered species were trans-
ported to the laboratory either alive (wrapped
in cheesecloth'in chlorine-free ice water) or
frozen on dry ice. In the labaratory, live union-
ids were either killed and frozen at —80°C, or
maintained in aguaria in which currents were
established. Two small (5- to 100-mg) pieces
of foot tissue were excised from each indi-
vidual in the laboratory using a sterile scalpel
blade or scissors, Both samples were frozen
at —80°C, one for nucleic acid extraction and
the other for voucher material. The remaining
tissue was preserved with the valves in 70%
ethanol, also as voucher material. To facilitate
future molecular genetic examination, the lat-
ter tissue was not fixed in formalin, All voucher
rmaterial was deposited into the molluse col-
lection of the Academy of Matural Sciences in
Philadelphia upon completion of the research
{Dry Catalog # 396499-398500; Alcchol Cat-
alog # A18354-A18438; Frozen Catalog #
F100-F118).

For endangered unicnids, a single tissus
sample was obtained from each specimen at
streamside by relaxing its adductor muscles
in soda water and clipping off a 5- to 50-mg
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FIG. 1. Location of French Creek drainage collection sites. (For site descriptions, see Table 1 and White,
1994).



TABLE 1. Number of unionids collected, by species and site.

Site
French Creek drainage Dunkard Cresk Ohia

Species WEB LB MV VW CR MD CO CN CA LM Uz U3 U4 Us 5C FC OC MM PN BL MU LM BD
Actinonaias ligamenting 4 8 1 2 3
Alasmidonta marginala i 3 1 1
Amblema plicata 2 4 1 11 L 18
Anodontoides ferussacianus 3
Elliptio dilatata [4 4 1 1
Epicblasma torulosa 2 1 1
Epioblasma friguetra 1 1 1
Fusconata subrofunda 5 1
Lampsilis cardivm 4417 17 1417 1
Larmpsilis fasciola 1 1 1 1 1
Lampsilis ovata 1417 1 241717
Lampsilis siliquoides 1 3 1 1 1 5 2 10 =3 1
Lasmigona complanata 1
Lasmigona compresss 1 3
Lasmigona costata 9 7 1 2 1 1 22 2 B
Ligumia nasuta 11
Ligurmia recta 1 1 1 1
Fleurcbema ciava 2 1
Pleurchema sintoxia 1 3 1
Prychobranchus fasciolaris 6 1 1 3 1 1
Pyganadaon granadls 1 4
Owadrula cylindrica 2 3 4
Strophitus undulatus 10 5 3 4
Villosa fabilis 1 1 11 3 1
Villasa inis &

BD = Big Darby Cr., Ohio; BL = Dunkard Cr. at Blacksville, West Virginia; CA = French Cr, at Carlton; CN = French Cr, at Cochranton; G0 = Gonneaut Outlet; GRA = Carr Run; FC =
French Cr. at Foster Comer; LB = LeBoeuf Cr.; LM = Little Muskingum R,, Ghio; MO = French Cr. downstream of Meadville; MM = Dunkard Cr. near Mt. Morris, Pennsylvania; MU
= lower bMuskingum R., Ohigy MY = French Cr, at Mill Village; OC = Allegheny Fiver at i City; PH = Dunkard Cr. near Penfress, Wast Virginia; SC = French Cr. near town of Sugar
Cr.; U1 = French Cr. 2.8 km upstr, of Utica: U2 = French Cr. 2.7 km upstr. of Wica; U2 = Franch Cr. 1.1 km upstr. of Utica; U4 = Franch Cr. at Utica; US = French Cr, 1 km downstr,
of Wtica; WM = French Cr. at Venango, WE = West Br. French Cr.; 7 signifies specimen of questionable identity

el
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piece of foot using a sterile scalpel blade or
scissors (Pennsylvania Fish and Boat Gom-
mission permit number 142 (Type |}; proce-
dure reviewed prior to permitting by the
United States Fish and Wildlife Service). Tis-
sue samples were frozen immediately on dry
ice for transportation to the laboratory, where
they were kept at —80°C pending nucleic
acid extraction. After a 10- to 15-min recov-
ery period in a bucket of streamwater, the
specimens were photographed and returned
to natural positions in the substrate as close
to their original locations as possible.

Fishes. Fishes were collected throughout
French Creek by kick-seining and were trans-
ported to the laboratory on dry ice. In the
laboratory, a 5- to 100-mg piece of muscle
was excised from the body wall of each and
was frozen at —80°C prior to nucleic acid
extraction. The remainder of each specimean
was also frozen at —80°C as voucher mate-
rial.

Glochidia. Glochidia of known identity were
obtained from marsupia of gravid nonendan-
gered fermale unicnids collected and frozen
as described above. Glochidia of unknown
identity were obtained from fishes collected
throughout French Creek by kick-seining.
The fishes were transported to the laboratory
alive, maintained in an aquarium for one
week, then killed and frozen at —80°C; un-
encysted glochidia were presumed to have
bean shed during the holding period. En-
cysted glochidia were removed as described
below.

Laboratory Technigues

Nucleic acid extraction. For adult unionids,
unattached glochidia, and fishes, a standard
phenol-chloroform extraction protocaol {after
Kocher et al., 1989) was used to isolate total
nucleic acids. Each tissue sample was
minced over ice using a sterile scalpel blade,
then transferred to a 1.5-ml microfuge tube
and homaogenized in 500-800 pl of extraction
buffer (100 mM Tris-HCI, pH 8.0; 10 mM
EDTA; 125 mM NaCl; 0.1% SDS; 50 mM
DTT, 5 pgful proteinase K) using a flame-
sealed 1000-ul pipette tip; different scalpel
blades and pipette tips were used for each
sample, to prevent cross-contamination. Ho-
mogenized samples were incubated 2-24 hrs
at 37°C, then extracted seguentizily with
equal volumes of Tris-buffered phencol, 50%

phenol-50% chloroform, and chlorcform (=
24 chloroform: 1 iscamyl alcohol, viv; Sam-
brook et al., 1989). Samples wera centrifuged
4-5 min at 16,000 = g during each extraction
to separate the phases. After the final extrac-
tion, 0.05 volume of 5 M ammeonium acetate
and two volumes of cold absolute ethanol
were added to each sample. Samples were
placed at —80°C for 15-30 min, then spun
15-45 min at 16,000 = g at 4°C. Supernatants
were decanted and pellets were dried in a
Savant SpeedVac Concentrator. Pellets were
resuspended in 10-25 pl of sterile distilled
water, depending on their size, and stored at
—20°C. Even when no pellet was visible in a
tube, 10 pl of sterile distilled water was
added and the sample was stored at —20°C.
Extractions were assayed on 0.8%-agarose
minigels stained with ethidium bromide and
were diluted 0-1000x depending upon esti-
mated DMA concentration.

For glochidia attached to fishes, an extrac-
tion protocol similar to that described by
Martin et al. (1992) for fish cocytes was usad,
Each glochidium was removed from its host
over ice using sterile forceps and a dissecting
light microscope, then transferred with a
200-pl pipette tip to a 1.5-ml microfuge tube
containing 30 ul of buffer (50 mM KCI; 10 mM
Tris-HCI, pH 8.3; 1 pg/ml proteinase K; 1
pg/ml bovine serum albuming. Monidet P-40
was added to a final concentration of 1%,
Solutions were heated to 95°C for S min in a
thermal cycler, diluted to a final volume of 50
pl with sterile distilled water, and stored at 4°
aor —20°C. Extractions were not assayed
prior to amplification, as they contained too
little DNA to be visualized with ethidium-bro-
mide staining (data not shown).

Arnplification. Reaction volumes of 50 or 100
pl were used, Reaction mixtures consisted of
0.5-2.0 pl of diluted template DNA; 1 uM of
each primer (0.2 pM of each RAPD primer);
0.1 mM each of dATP, dCTP, dGTP, and
dTTP; 2.0-2.5 units of Perkin-Elmer Cetus
Tag polymerase; and manufacturer-supplied
buffer at 1x final concentration (10 mM Tris-
HCI, pH 8.3; 50 mM KCI;, 15 mM MgCl,,
0.01% (w:v) gelatin). For glochidia from host
fishes, 1-10 pl of undiluted template was
used.

Primer sequences were as follows. TS
of nuclear rDNA: 5-TAACAAGGTTTCOCG-
TAGGTG-3" (185 region) and 5-AGCTRGC-
TGCGTTCTTCATCGA-3 (5,85 region); ITS-1
through ITS-2: 5-TCCGTAGGTGAACCTGC-
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GG-3(ITS1 of Lee & Taylor, 1992; 185 region)
and 5-TCCTCCGCTTATTGATATGC-37 (ITS4
of Lee & Taylor, 1992; 285 regicn); 125 mi-
tochondrial rOMA: 5-TAATAATAAGAGCGA-
CGGGCGATGTGT-3 ([adapted from H1478
of Kocher et al., 1989 using sequence data for
Drosophila yakuba Burla (Clary & Wolsten-
holme, 1985)) and 5-TAATAAAAAACTAGG-
ATTAGATACCCTATTAT-3 (adapted from
L1091 of Kocher et al., 1989); RAPD primer
A-02: (5-TGCCGAGCTG-3" Operon Tech-
nologies, Inc., Alameda, CA). Rationales for
primer choices are discussed in White (1894)
and White et al. (1994).

Thirty-four amplification cycles were per-
formed (1 min at 93°C, 1 min at 50°C, and 2
min at 72°C) followed by one cycle with in-
creased extension time (@ min). For RAPD
PCR, 45 amplification cycles of 1-min dena-
turation at 94°C, 1-min reannealing at 36°C,
and 2-min extension at 72°C were per-
formed. Reaction products were assayed
on 0.8-2.0% agarose minigels stained with
ethidium bromide.

Restriction Enzyme Digestion. Restriction en-
zyme digests were performed in 10- to 20-pl
reaction volumes consisting of 812 pl of PCH
product, 5-15 units of restriction enzyme, and
the manufacturer-supplied buffer at a final
concentration of 1x, Digests were conducted
at the manufacturer-recommended tempera-
ture {usually 37°C) for 4-48 hrs. Restriction
fragments and uncut PCR products were as-
sayed on 2.0%-agarose gels stained with
ethidium bromide. Efforts to separate poorly-
resolved fragments with 6-10% polyacryl-
amide or 2-4% MetaPhor high-resolution
agarose met with limited success and were
ultimately abandoned.

RESULTS
Key to the Unionids of French Creek

The following key was developed for iden-
tification of French Creek unionid glochidia.
One proceeds through the key by amplifying
the genomic region indicated in bold text,
digesting the PCR product with the restriction
enzyme listed after the x, and assigning a let-
ter to the resulting restriction fragment pattern
{by referring to the accompanying figure
and/or to the fragment size data in Appendix
1). Assaying undigested PCR products along-

side digested products facilitates pattern in-
terpretation and is highly recommeanded. Su-
perscripts refer to notes that follow the key.
While the key likely reflects phylogeny to
some extent, the data from which it was con-
structed are insufficient for testing specific
hypotheses about relationships; thus, the key
should be considered artificial.

1. ITS-1 = Mspl (Fig. 2)
W00 oo e e G e ot 2
Bt Ligumia nasuta (Say)
e i e e e e s N
| 2 R Amblema plicata (Say)®
| Quadrula cylindrica (Say)
R P T o P M e Pl et 12
s s Strophitus undulatus (Say)”
. Alasmidonta marginata Say
2. ITS-1 x Sau96l (Fig. 3)
B o e L T 3
BUE o 0 e o 2 B e W 2]
3. 128 « Haelll (Fig. 4)
B s R e e 4
B ... .Actinonaias ligamenting (Lamarck)
e Lampsilis sifiquaidea (Bames)®
4, ITS 1-2 = Mspl’'  (Fig. 5)
B e e e e 5
R, T A SR A 7
B...... . Lampsilis fasciola Rafinesgue
5. 125 = Asal (Fig. 6)
Bsaraimaninii et Villosa iris (l. Lea)
o....... Epioblasma spp. . . ... .. 6?
6. ITS 1-2 = Mboll (Fig. 7)
B sl : Epioblasma torulosa rangiana
{l. Lea)”
A .. . Epioblasma triquetra (Rafinesque)
7. ITS-1 = Aval (Fig. 8)
Ponsmein s Lampsilis cardium Rafinesque,
Lampsilis ovata (Say)
3 Ligurmia recta (Lamarck)
8. ITS-1 = Accl (Fig. 9)
By Ptychobranchus fasciolaris
(Rafinesque)
O CiiasrdaivsEn Villosa fabalis (|. Lea)
9, ITS-1 = BstEll (Fig. 10)
f - APEIRRTENPIRPR Elliptio dilatata (Rafinesque)
O e e e e 10
10, ITS 1-2 = Mspl'  (Fig. 11)
T 11
AL Fusconaia subrotunda (l. Lea)
11. RAPD A-02 (Fig. 12)
Aciia iy Fleurobema clava {Lamarck)”
B .. .Pleurobema sinftoxia [= coccineum)]
(Rafinesque)
12, ITS-1 = BamHI (Fig. 13)
P issainaig Lasmigona costata (Rafinesque)
B0 i o i 6 S R R e e 13
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13, ITS-1 = Hinfl  (Fig. 14) 2 DRI L - S TR Do O |
A . . Anodontoides ferussacianus (|, Lea) 15 ITS 1-2 « Mspl' (Fig. 18)
o T R 14 A . . .. . Pyganodon [= Anodonta) grandis
14. ITS-1 = Mball  {Fig. 15) (Say)
P dei Lasmigona compressa (. Lea) A" ... . Lasmigona complanata (Bames)

1500

-600

-100

awcat 1111511111010 111511 1120111125

-1500

-600

-100

E A hI?'-[T--IILJIIE]—F'—'fil'-l Pattern
' L — —p—Am*—An — Tribe

b. Mspl-cut

FIG, 2. 1T3-1 PCR products from 25 French Creek unionid species digested with Mzpl. Restriction fragment
patterns (A-H) separate spacies into their respective tribes. Tribe Am = Amblamini, An = (subfamily) An-
odontinae, L = Lampsilini, P = Pleurobemini. Tribe Lampsilini (patterms A, B); 1 = Epioblasma torulosa
rangiang, 2 = Epioblasma triquetra, 3 = Lampsilis cardium, 4 = Lampsilis fasciola, 5 = Lampsilis ovata, 6 =
Lampsilis siliguoidea, 7 = Villosa fabalis, B = Villosa irs, 9 = Actinonaias ligamentina, 10 = Ptychobranchus
fasciolaris, 11 = Ligumia recta, 12 = Ligurmia nasuta; tribe Pleurobemini (pattern C): 13 = Eliiptio dilatata, 14
= Pleurobema clava, 15 = Pleurobema sintoxia, 16 = Fusconaia subvotunda, tribe Amblemini {patterns D, E)
17 = Amibiemna pifcata, 18 = Quadrula cylindrica; subfamily Anodontinae (patterns F, G, H); 19 = Anodonfoides
ferussacianus, 20 = Pyganodon grandis, 21 = Lasmigona comprassa, 22 = Lasmigona costata, 23 = Las-
migona complanata, 24 = Strophitus undulatus, 25 = Alasmidonta marginala. Tribe designations follow
YVaught (1988), Gels shown throughout key are 2.0% agarose, Size marker used throughout key is 100-bp
ladder.
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-1500
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 unci o le . B D G S 8 -0 )

-100

A H_..B_..l

b. Saw96l-cut

FIG, 3. ITS-1 PCR praoducts from “1-A" species digested with Sau26l. 1 = Epioblasma forwlosa rangiana,
2 = Epioblasma triquetra, 3 = Achinonaias ligamentina, 4 = Lampsilis cardium, 5 = Lampsilis fasciola, 6 =

Lampsilis ovata, 7 = Lampsilis siiguoidea, 8 = Ligumia recta, 9 = VWillosa ins, 10 = Villosa fabalis, 11 =
Ptychobranchus fasciolanis.
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a. uncut

-1500

-600

-100

3 et B S - g AN -

-1500

-600

-100

| b
b. Haelll-cut A

i

FIG. 4, 125 PCH products from “2-A" species digested with Haelll. 1 = Lampsilis cardium, 2 = Lampsiiis
fasciola, 3 = Lampsilis ovata, 4 = Ligumia recta, 5 = Epioblasma torwiosa rangiana, 6 = Eploblasma triquetra,
7 = Villosa is, B = Aclinonaias figamenting, 9 = Lampsilis siiguoidea.

Motes to Accompany the Key

“Includes Ptychobranchus fasciofars, in
contradiction to White et al., 1994; the spec-
imen identified in White et al. (1994) as P
fasciclars is almost certainly Elliptio dilatata.

“The Fleurobema sintoxia specimen from
Foster Corner exhibited a unique pattern (Fig.
1)

“One of the 18 Amblema plicata specimens

from the lower Muskingum River, Ohio, ex-
hibited a unique pattern quite similar to that
of Ligurmia nasuta (Fig. 18).

9In contradiction to White et al., 1994; the
specimen identified by White et al, (1924} as
Strophitus undulatus was subsequently re-
identified as Pyganodon grandis by A E.
Bogan.

*Twao Lampsilis siliquoides specimens from
the French Creek drainage (one of the three



190 WHITE, McPHERON & STAUFFER

— uncut —— — Mspl-cut —

1234567

{ 2.3 4858 f

-1500

-600

-100

FIG. 5. ITS 1-2 PCR products from “3-A"" species digested with Mspl. 1 = Epioblasma forulosa rangiana,
2 = Epioblasma triquetra, 3 = Willosa ins, 4 = Lampeilis cardium, 5 = Lampsilis ovala, 6 = Ligumia recta, 7

= Lampsilis fasciola.

from Venango and the one from Conneaut
Outlet) exhibited patterns with three bands
instead of two (Fig. 19).

A and A" are most reliably distinguished by
digesting samples of known DMNA and assay-
ing them in lanes adjacent to the unknown
DMA. Digesting several samples of each
known and unknown DMA is recommended,
as it allows one to intersperse samples of
each type on a single gel for easier detection
of subtle length differences. Assays should
be run on at least a 2%-agarose gel, for as
long as possible, to achieve maximal sepa-
ration.

SCouplet 6 reliably separates two of the
four Epioblasma torulosa rangiana speci-
mens examined (ona of the two from
Venango and the one from Utica) from the
thres Epioblasma friquetra specimans exam-

ined. The broader utility of this couplet is un-
certain; it should be used with caution. Also
see note f.

"federally endangered species

L ampsilis cardium and Lampsilis ovata
specimens could not be distinguished from
each other using any of the primers and re-
striction enzymes tried White, 1994 appen-
dix B2). It is conceivable that these spacies
hybridize in French Creek; some specimens
exhibited intermediate shell morphologies
and could not be identified to species with
certainty on the basis of external characters
4. E. Bogan, pers. comm.).

Reliability of the Key

The key was tested extensively using adult
unionids identified morphologically. In its an-
notated form, it proved valid for all French
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Rsal-
—uncut-= — cut —

1 2371 9 3

-1500
-600
-100
b= ] 1
0 A

FIG, 6. 125 PCR products from "'4-A" species di-
gested with Rsal. 1 = Epioblasma torwiosa rangi-
ana, 2 = Eplotiasma triquetra, 3 = Villosa ins,

Creek specimens examined. It was also valid
for all Ohio and West Virginia A. plicata (Fig.
209, L. siliguoidea, and L, costala specimeans
examined. Moreover, glochidia obtained
fram a gravid French Creek female L. costata
followed the key, exhibiting restriction frag-
ment patterns identical to those of adult L.
costata specimens, as expected (data not
shown).

Identification of Unknown Glochidia with
the Key

Four unknown glochidia from the gills of a
tippecanoe darter (Etheostoma fippecanoce
Jordan & Evermann) collected 20 July 1993 in
French Creek downstream of Utica, Pennsyl-
vania, exhibited restriction fragment patterns
identical to those of adult V. fabalis specimens
junpubl. data). In a larger-scale test of the
technique’s utility, all glochidia found on
fishes collected 6 June 1994 at the LeBoeuf
Creek site were analyzed. Ofthe 115 glochidia

Mboll-
r uncut— cut—

123123

-1500

-600

100

]
ALl
FIG. 7. ITS 1-2 PCR products from “5-0" spacies

digastad with Mboll, 1 = Epioblasma toruloss ran-
giana, 2 = Epioblasma triquetra, 3 = E. triquetra.

r— uncut — — Aval-cut—
I 2 8 0 2 3
1500

-600

-100

I_A_ll

FIG. 8. IT5-1 PCR products from “4-4"" species
digested with Aval. 1 = Lampsilis cardium, 2 =
Lampsilis ovata, 3 = Ligumia recta.
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Accl
— uncut- — cut—
1 2 7 3

1500

-100

A D

FIG. 9. IT5-1 PCR praducts from "2-B" species
digested with Accl. 1 = Plychobranchus fasciolaris,
2 = Vilosa fabalis.

processed, 72 (63%) were amplified success-
fully {i.e., their IT5-1 PCR products were vis-
ible on an agarose gel stained with ethidium
bromide). Of these, 66 (92%) were identifi-
able; the other six yielded restriction frag-
ments too faint to be seen. Fourteen of the 43
glochidia not amplified successfully were in
the first set of samples, extracted using a pro-
tocol that differed slightly from that ultimately
adopted. Disregarding this flawed first at-
tempt, the amplification success rate was 72
out of 102 {71%).

All 88 glochidia identified exhibited the
restriction fragment patterns characteristic
of Ptychobranchus fasciofaris (Fig. 21), a
species for which no hosts are currently
known (Hoggarth, 1992). Four Etheosfoma
blennioides Rafinesque, thres Etheostomna
flabeliare Rafinesque, five Etheostorma -
grum Rafinesque, and one Etheastoma zon-
ale (Cope) harbored the glochidia. These four
darter species are therefore suggested ten-
tatively to be P fasciolaris hosts, pending
verification through laboratory  inoculation
studies.

BstEN

— uncut — — cut—,

12 341223 4

-1500

~600

-100
] T S

A 0

FIG, 10. ITS-1PCR products from “1-C" species
digested with BstEll. 1 = Elliptio dilatata, 2 =
Fuscanala subvolunda, 3 = Pleurobema clava, 4 =
Fieuroberma sinfoxia,

DISCUSSION

Distinguishing Unionid DMA from Host Fish
DA

Without exception, the ITS-1 regions of the
fishes examinad are markedly different in
length from those of the unionids. For single
individuals of five of the six darter species
examined (E. blennioides, E. flabellara, E. tip-
pecanoe, Etheostoma variatum Kirtland, and
E. zonale), the product is approximately 690
710 bp; for the sixth darter, Etheostoma
maculatum Kirtland, the product is approxi-
mately 410 bp long (White, 1994: Fig. 2.3).
Among most of the unionids, the ITS-1 prod-
uct ranges from approximately 580 to 625
bp; for Alasmidonta marginata Say and Stro-
phitus undulatus (Say), it is approximately
850-1.050 bp long (see uncut products in
Fig. 2). Because the length ranges for fishes
and unionids are non-overlapping, any host-
fish DMA contaminating glochidial DNA is
easily recognized as such. Furthermore,
when ITS-1 PCR products of the six darter
apecimens are digested with Mspl, they vield
restriction fragment patterns different from all
unionid patterns. Hence, even if the glochid-
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Nspl-
— uncut — —— cut ——
R TR B

2 3 4

-100

ST | S I, DA

FIG, 11, ITS 1-2 PCR products from "9-0" species digested with Mspl. 1 = Pleurobema clava, 2 =
Fleurobema sintoxia, 3 = Fusconala subrotunda, 4 = F. subrotunda

ial identification method described herein
were applied to fishes (e.g., salmonids)
whaose ITS-1 regions are close to the union-
ids' in length (Pleyte et al., 1992), contamina-
tion could be detected reliably by digesting
the host fish's ITS-1 product and assaying it
alongside the digested products of the
glochidia it harbored. The contaminating
DMNA could be factored out of the RFLP anal-
yses by disregarding restriction fragments
present in both gel lanes.

Current Limitations of the Technigue

Identifying glochidia on naturally infected
fishes is a hit-or-miss approach to discover-
ing hosts of a particular unionid species of
interest. To maximize the chances of suc-
ceeding, it is important to collect fishes from
sites where the unionid species of interest is
abundant relative to other species (or at least
where it is abundant relative to other sites),
As the preliminary LeBoeuf Creek study

1 2 3 456

-1500

_&Du

-100

|_A_I I_._B

FIG, 12. RAPD A-02 PCR products from “10-A"
species. 1-3 = Pleurobema clava, 4-6 = Pleu-
rabema sinfoxia.
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— uncut 10
1 2 3 4 5 1

SRR

BamHI-cut —
2 3 4 5

-1500

-600

-100

I A

FIG. 13. ITS-1 PCR products from "1-F” species digested with BamH|. 1 = Anodontoides ferussacianus,
2 = Pyganodon grandis, 3 = Lasmigona complanata, 4 = Lasmigona compressa, 5 = Lasmigona costata.

[ uncut —; — Hinf |-cut—
1 2 3 412 3 4

-1500

600

-100
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FIG. 14, ITS-1 PCR products from “12-0" specias
digested with Hinfl. 1 - Anodantoides ferussa-
clanus, 2 = Pyganodon grandis, 3 = Lasmigona
complanata, 4 = Lasmigona Compresss

uncut Mhboll-cut -
17231 2 3

-1500

-600

=100

|
—o~ A

FIG, 15, ITS-1 PCR products from “13-8" species
digested with Mboll. 1 = Pypganadon grandis, 2 =
Lasmigona compianala, 3 = Lasmigona com-
Dressa
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— uncut &

Mspl-cut—

1 23456 123458

-100

FIG. 16. [T5 1-2 PCR products from "'14-0" species digested with Mspl. 1-3, 5, 6 = Pyganodon grandis;

4 = Lasmigona complanata.

Msgl-
cuncut -, cut -,

-1500

-600

=100

1 2

1 2

FlG. 17, ITS-1 PCR products from anomalous and
standard Pleurobema sinfoxia specimens digested
with Mspl. 1 = anomalous pattarn, 2 = standard
pattern.

Mspl-

—uncut — —cut—

g -1500

=100

1 2 3

1 23

FIG. 18, IT5-1 PCR products from anomalous and
standard Amblama pficata specimens digested
with Mspl. 1 = Ligumia nasuta, 2 = anomalous Am-
blema plicata, 3 = standard A. plicata.
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Haelll-
¢ uncut — cut—

-100

1 2 1 2

FIG. 19, 125 PCR products from anomalous Lamp-
silis siliquoidea specimens digested with Haalll.
Specimens exhibit 3-banded pattern instead of
standard 2-banded pattern.

demonstrated, this will not guarantee suc-
cess, however. Additionally, fishes should be
collected repeatedly throughout the full du-
ration of the unionid's breeding period.

The glochidial amplification procedure cur-
rantly has a success rate below 100%. Most
unsuccessful amplification  attempts were
likely the result of glochidia being lost during
transfer from host to extraction buffer; once
excised from the host, glochidia are ex-
tremely difficult to see. Improvements in the
transfer technique could increase the ampli=
fication success rate dramatically, The iden-
tification success rate, already quite high,
could probably be increased by gel-purifying
and reamplifying very faint PCR products
prior to restriction enzyme digestion.

Extending the Key Beyond French Cresk

To apply the method to an aguatic system
other than the French Creek drainage, some
preliminary work is required. First, tissue
samples must be cbtained fram several indi-
viduals of each unionid species found in the
study system. Ideally, each species should

be represented by specimens collected at a
variety of sites.

Mext, the reliability of the key, for the
study-system species included in it must be
assessed. All specimens of each such spe-
cies should be analyzed using the key, to see
whether they yield the expected restriction
fragment patterns for each enzyme (as did
the West Virginia and Chio specimens we ex-
amined). If they do not, the key will have to be
modified accordingly.

The key will also have to be extended to
include any study-system species not found
in French Creek, This is most easily accom-
plished as follows: first, analyze a single
specimean of each new species, using the
French Creek key. If a specimen yields a
navel restriction fragment pattern for a cer-
tain couplet, test all individuals of the species
to see if thay share the pattern; if they do,
madify the key accordingly. If a specimen
yields no novel patterns, proving indistin-
guishable from a species already included in
the key (or from another new species), screen
single individuals of the indistinguishable
species pair (or group) with a variety of prim-
ers and restriction enzymes until a diagnostic
difference is found. (Consulting Appendix B
of White, 1994, might prove useful in this re-
gard.} Alternately, sequence a moderately
variable region of the genome of each spe-
cies and scan the sequence data for restric-
tion site differences. Finally, verify that the
differences found apply to all individuals of
the species, then maodify the key accordingly.
Publish modified wversions of the key
promptly to save other investigators precious
time and resources,

Owerall Assessment of the Technigue

Using a molecular genetic key to identify
glochidia attached to fishes has distinct ad-
vantages over traditional means of identifying
putative unionid hosts (White et al.,, 1994).
The laboratory procedures are relatively fast
and easy to perform. Once a key has been
developed, glochidia can be identified in one
or two days; the technigues involved can be
learned (if not masterad) in a week. The
method is also relatively inexpensive, partic-
ularly if one has access to a laboratory al-
ready equipped for molecular genetic re-
search (see White, 1994: appendix C, for cost
analysis).

The data generated to develop keys are
potentially valuable to unionid systematists,
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-100
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b. Mspl-cut

FIG, 20. ITS-1 PCR products from 15 Amblema phcata spacimens from three drainages, digested with
Mspl. 1-5 = French Creek specimens, 6-10 = Dunkard Creek specimens, 11-15 = Muskingum River

SpeCimens.
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Mspl- Saud6l- Accl-
—uncut 1;—cut——cut——cut —

T2 1 2 1

-100

2 1 2

FlG. 21, ITS-1 PCR products from LeBoeuf Creek glochidium and adult Ptychobranchus fasciolans, di-
gested with Mspl, SauS6l, and Accl. The glochidium exhibits restriction fragment patterns identical to those
of the adult P. fasciolan’s. The glochidium was removed from the gills of an Etheostoma flabellare specimen.

1 = glochidium, 2 = adult P. fasciolaris.

as well. For example, the RFLP analysis of
ITS-1 shown in Figure 2 suggests that pat-
terns of site gain and loss could demarcate
tribal boundaries. In many organisms, this
sort of information has been used to recon-
struct phylogenetic relationships (reviewed in
Avise, 1994). Our study was not designed to
provide the complete matrix necessary to an-
alyze this question, but our data (summarized
in Appendix 2) do provide a starting point for
systemnatists wishing to pursue the issue of
higher relationships. (Nate that many of the
results presented in Appendix 2 are unrepli-
cated and/or based on small numbers of
specimens.)

The method iz well suited to conservation
work, It does not entail killing adult unionids
and hence can be used with endangered

species. It yields results that are relevant to
natural communities. It can even furnish in-
sights into subtle ecological matters, such as
patterns of host-fish partitioning among
unianids. Finally, it can be applied to diverse
systems with large numbers of fish and
unionid species.
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AFPEMDIX 1. Estimated sizes of restriction fragments usad in the key (excluding fragments shorter than
100 bp).

Couplet Pattern Fragment Size (bp) Couplat Pattern Fragment Size (bp)
1 A= {275 — 285) + 185 5 0= 415
B= 305 + 185 A= 250 + 180
C= 275 + 140 & A= 575 + 280 + 205
0= 305 + 140" A= 575 + 290 + 195
E= 465 + 140 7 0= 615
F= (495 ~ 505) + 140 A= 510
G= 860 & 0= 575
H= 295 A= 370 + 225
*anomalous P. sintoxia = 8 0= 565
205 + 140 A= 340 + 225
“anomalous A, plicats = 10 A= 385 + 270 + 195
305+ 170 A= 400 + 275 + 195
2 A= 350 + 230 11 A= 585
B= 240 + 225 + 185 B= 555
3 A= 240 + 165 12 0= (590 — 620)
B= 200 + 165 A= 430 + 150
C= 235 4+ 195* 13 A= 455
“anomalous L. silfquoidea = B= 520
= 245 + 205 + 170 14 0= (600 — 610}
P e 275 + 245 + 200 A= 370 + 240
4 A= 390 + 270 + 170 15 A= 500 + (445 — 460) +
A= 375 + 265 + 170 195

b
i

= 310+ 265 + 170 515 + 460 = 195




APPEMDIX 2. Partial matrix of restriction fragment patterns, by species,

[PCR Product]
Restriction Enzyme
[IT5-1] s 1-2] [125]

Species Accl Aval  BamHl  BstEll  Hinfl  Mball Mspl Saugsl Mball Mspl Hagelll Rsal
Sublamily Anodontinae
Alasmidonta marginala G H 9 O 1(1)
Anodontoides ferussacianus O (3 A3 03 F {3 C {3 G' 1)
Lasmigona complanata o[ B() O Fl) c ) G (1)
Lasmigona compressa O 4} B (4} A4 F (4 C 4 G (1)
Lasmigona coslata (1) A(51) B (1) B F {51) C 7 G
Pygznodon grandis O o0n B (5) Qs FIE C2) G5
Straphitus undulatus o) Dis B G227 H it}
Subfamily Ambleminae

Tripe Amblemini
Amblerma plicata A 1) 01 DfE3sB|) A o (1)
Cuadrula cylindrca 1) Q) o E (&) B 9 F 1)

Tribe Pleurabemini
Elligtio dilatata A A OM  AQ3) OQ) O  C(3) B 13} E (1)
Fusconaia subrotunda A (3 0 8 ol Cia B (3 E' (8)
Flaurobama clava A1) A1) O[3 o) <3 B 1) E{3) A1)
Fleuroberma sintoxia A4 A1) 0 (5 02 I Bi41E(1) E{E A1)

Trbe Lampsilini
Actinonaias ligamenting A2 AD) O@E Oy Oof) oQ) A(ng A (18) A1) Ay B8
Epioblasma toruiosa AT A 0@ O o) O} A A (4) AZVAZ) A AT 0 (4)
Epioblasma triguetra A A 0@ 0@ 0} A3 A3 A3 A3 A3 013
Lampsilis cardium Al AR 0@ O@ 0@ oM@ AB A (B) A2 &7 (B A (B C5IA)
Lampsilis fasciola A 12 O (3) (1) o2 Q3 A A (5) A1) B (2} A5 A (5)
Lampsilis ovata A1) A7) 02 O (1) (o4 i) AT AT A2 AT A7) CHBMAT)
Lampsilis siiquoidea A} A 0@ 0@ 0@ 0@ A[EY A (30 A1) A1) CiEENDE)
Ligumia nasuta Q02 B i11) A2 D1
Ligumia recta o@ o) OE O AE A1) A4 A O3B}
Ptychobranchus fasciolaris A3 o@ AN B (13} C{1
Villosa fabilts 017 A{) O AT B17) & 1)
Villoza iris A2 A2 o O (2) o4 A [5) A B A (1) A (6} A 1E) A (6]
A, B, ... = restriction fragment patterns; O = no restriction sites present; (#] = sample size

Mete: Many results presented in Appendix 2 are unreplicated
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