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Ahstract

Pallid {S. albus) and shovelnose {S. platorynchus) sturgeon throughout the

lississippi River drainage were electrophoretically examined at 52 gene loci. Hone

of these loci displayed differences between these two species. Three polymorphic

e

Toci had similar gene freouencies in both species. These species may not be

reproductively isolated.
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The taxonomic status of the two Scaphirhynchus species, albus and platorynchus,
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heen debated since the beginning of this century. Forbs and Richardson (1905}
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sh inte separate genera, Parascaphirhynchus albus and
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phirhynchus platorynchus.  Berg {1917 and 1948) supported the placement of albus
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into the genus Scaphirhynchus. The most convincing evidence of congeneric status

for these sturgeon was presented by Baily and Cross {1954). They concluded that S.

albus and 5. platorynchus were readily separable and well-marked species using

morphometric and meristic characteristics. They discounted the placement into
separate genera, concluding that it would obscure their similarity characterized by
ceveral fundamental features compared to other acipenserids. Carison {(Missouri
Dept. of Conservation, personal comm.) has recently cuesticned the species designa-

tion of the pallid and shovelnose sturgeon® Nine sturgeon that he coliected from the
¥ississippi and Missouri Rivers appear to be nybrids on the basis of morphoiogical
and meristic characteristics. This observation prompted two gquestions: (1) Can

these species hybridize? {2) How genetically different are the two species in the

genus Scaphirhynchus? Documenting the answers is important since S. albus is

considered threatened throughout its range.

Methods

Shovelnose sturgeon were coilected from the lower Tongue-Yellowstone River
drainage and the Missouri River in Montana, the Mississippi and Missouri Rivers from

the State of Missouri, and the Chippewa River from Wisconsin {Figure 1), Pallid

*A species iz 2 gr@aa af organisms wh%ié actuzlly, or potentially, share a
common gene pool (Mayr 1864). Through the use of electrophoresis, these sturgeon

species should be distinguishab
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these two species could be identified if they contain allele



suspected
sturgeon and hybrids were coilected from several locations in the Mississippi and
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Yissourd Rivers from Lhe State of Missouri. Tissue samples of muscle, Tiver, and
eye were examined for all individuals and, in addition, heart, intestine and brain
were examined from 6 pallid and 5 shovelnose sturgeon to maximize the number of gene
Toci surveyed {Table 1). The number of loci reported is a conservalive ssiimate.
The designation of Toci coding for sndividual enzymes was difficult due to the
duplicated genome of these sturgeon {Ohno, et al., 196%). Determining wnelher a
locus is duplicated or not is dependent on the presence of genetic varijation at that
Jocus. Enzyme structures (monomer, dimer, eic.) were inferred from the isozyme pat-
terns seen and information on these enzymes from other fish. The variable patierns
2t four loci could not be resolved. These and other guestionable loci may be able
to be resolved with breeding data. Breeding studies are necessary to cenfirm the
genetic basis of the jsozyme variation. The three loci that are reported to be
genetically variable show isczyme patierns similar to those reported in other fish,
and conform to a simple genetic model.

T
i

he horizontal starch gel electrophoresis technicues used followed those of

uo

May, et al. (1879). Staining followed the methods of Allendorf, et al. {1977}, The
genetic nomenclature used is that of Allendorf and Utter {1979). {See Appendix A

for detailed explanation of the electrophoretic process writien by May, 1975}.

Results

Scaphirhynchus albus and S. platorynchus were genetically identical at all 52

1oci examined. They share common ailelic variants at 2 Yoci (Pgi, Pgm-1, Pgm-2) and
at four
displayed the same isczyme patterns . other variahble enzymes in which the genetic

hasis of the observed variation could not be adequately resolved. The lack of breed-
ing data and the apparent duplicate nature of some of these enzyme
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the interpretation of the isozyme patterns (Siyn
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The allele freguencies between sampling areas were compared to each other in
order to estimate the arount of genetic divergence between populations sempled
{Teble 2).  There are no statistically significant differences between populations.
If there was gene Tlow between S. albus and 5. platorynchus from Missouri ftate,
one would expect the gene freouencies in these samples to be closer than those be-
tween isolated areas. A1l the populations sampled, however, have similar gene
frequencies at the three ploymorphic loci. There appears to have been enough move-
ment of fish, at least historically, to homocgenize the gene frequencies throughout
the range examined. There are also no differences in gene frequencies between §.

albus and the S. platorynchus. This information further supports that there is

interbreeding between these Tish.

Bisucssion
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The results seem to contradict the current taxonomic status of these sturgeon;
there are two morphologically distinct species with no detectable genetic differences.

There are at least three possible explanations of this: (1} S. platorynchus and $.

alk

us represent a morphological polymorphism within the same species; {2) nonrandom
morphological
mating and selection against éniermeﬁ%atéﬁfsr%s; {3} these two species have recently

e

diverged and have not yet accumulated any genetically detectable differences.
The sympatric existence of two morphological types G.e. morphotypes) within
a population may have given rise to taxonomic separation by traditional ichthyological

systematics. Howsver, this approach of classification may not refiect reproductive
¥ p

i
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relationships {(Allendor?, 8}, Two extreme situations have been documented: sibling
species in which morpholooically similar groups are reproductively isolated {Ryman et
al., 1279}, and a single random mating population in which the morpholegical differences
e and Selander, 1978}.

are simply a phenotynic polymorphism in a single species fSas
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The morphological differences observed betwsen these fish may be maintained

in spite of some gene flow between these species. Assuming that electrophoretically
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detectable genetic varianis are seiec

ful migrant between populations each generation

Ysperies?,
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gene freguencies between these

mating, due to the size difference between

Differences in natural selection pressures
alse be an important factor in maintaining
phenotypic dif ces could be maintained
fiow

The inability to detect any isozyme di

When gene flow between two populations cea

result of genetic drift or differential selection.

primitive fish, the rate of thej

to other veritebratiss

jsolated, it is unlikely that there ar

The ijdentification of morpholiogi

speciation hypothesis.

tively

se, changes

(Wilson et al., 1978}.

g no obhservable

L

neutral, only one reproductively success-

te sufficient to maintain similar

Isolating mechanisms such as assortative

the two species, may 1Himit
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brought about by habitat preferences may
morphological differences. These

by selection in spite of enough gene

hetween morphoiypes to keep gene freouencies similar.

fferences may be due to recent speciation.
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Even though these sturgeon are

r protein evolutd the same as

(]

¥ these Tish are reprody

gene fTreouency dif

cal intermediates further discounts the recent

The apparent lack of complete reproductive isolaticn between S. platorynchu

and 5,

reproductive isolat

breakdown of isclating me

is an ancestral population being split into a

enclosed into a large glacia? lake allowed
more piscivorous fish.

slatorynchus remained in 2

The river sturgeon may have diverged symp

polymorphism may have com

xﬁ

e shovelnose st n represents a small

UL}

urges

albus has important evolutionary and management
jon develop allopatrically, and the i

chanisms through recontact?

e about by the development of two 11

implications. Did the

complete or subseguent
One possible allopatric modei
Tacustrine and fluvial ecotypes. Being

opment of 5. albus

into a large,

which now represents 5.

ympatrically. This morphological
ife history sirategies.

; maturing, rier-lived race.



The pallids, on the other hand, developed ints a large, tong-tived, Tater-maturing

M
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form. This variation in 1ife history strategies may have allowed for the success
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syrvival of these ancient fish.
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The genetic population structure of the S. platorynchus populations indicates

{

sgme important ecological aspects. The similar gene freguencies over a large
geographical range is characteristic of a random mating population. This similarity

2

may atso come aboul by the presence of discrete populations having substantial gene
flow between them. There has been insufficient time since these areas were isolated
from each other by barrier dams for the gene frecuencies to drift apart. The larger

and more stable the reproductive population size is, the slower genetic drift will

DUCUY.

Conclusion

Perhaps S. albus and S. platorynchus are not species; Turther data are needed.

T

he genetic basis of additional electrophoretic polymorphisms must be understood.
Most importantly, sympatric samples of both species from more than one location are
necded.  The genetic basis of the size differences and the determination of the

ability of these fish o produce the alternate morphotype is aiso important. By

these genetic and other ecological research, the status of the 5. albus gene pool

The interbreeding of these sturgeon should not lessen the concern of the status

of the $. albus gene pool. They represent a valueble genetic resource which is

%

presently endangered. If the survival of this large river sturgeon is in jeopardy,

it is imporiant that the biological basis of this ‘stock’ be understood.
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Figure 1. Sturgeon sampling areas
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Table 1. Designation of loci coding for different
enzymes in Scaphirhynchus

1t

Tissues. B = brain, E = eye, H = heart,

1 = intestine, L = liver, M = muscle
Locus Buffer
Enzyme  Designation System Tissue Folymorphic
ART 1 AC,R¥ atl no
2 RY all no
3 AC,R¥ all .

4 Y- all T oyes

ADH no activity

AX 1 AL H,LL.M yes?

pa AC M no
3 AC H.M ne
AGP 1 AC RY L no
2 AC,BW i no
3 A LRY H no

ALD no activity
CPK 1 AC,RU # no
z AL JRY L no
3 AC RW PLELH,I no

DIA no activity
EST i AL RY all no
2 AC,RW all no

M no activity
GAP i ACLRM HoM ?
4 C.RU Hol M 1o
3 AC FK E no
GOH 1 ACLRY M ne
Z AC ,RW L no
3 AC,RU H ?
GUS I AC,RY B,H,T.L.M no
GEPOH ] AL, RY BLELH,L no
? Ry L no

HE no activity



Locus Byffer
Fnzyme  Designation  System Tissye Polymorphic
IDH 1 AC,RY atl no
LAP i AL I s
LE 1 AC ,RY H,I,L ?
2 AT, RYW H,1,L 7
3 AL RW B,E,H.M

Z ACLRW  B,ELHM Foyes
5 ACLRN  B,E,LLH 3 ves

67 AC,RY  BLE,ILH T
MDH 1 AC RY atl no
Z AC.R¥ a1l yes
ME 1 AC H,ILL LM no
Z B H,T,L,M 7
3 R H no
PEP 1 AL RY all 0o
2 AL RE all no
PGI 1 Rt H,L,HM ¥es
z RW H,L.M no
3 R4 H.L LM no
PMI 1 AL LR atl no
2 AC atl no
PLM 1 AC R all ¥es
2 AC ,RK all yes
3 AC,RY B,E,I,L ?
6PGDH 1 AC ail no
SUH 1 AL LRYW L iy
SoD } R H,oL M ves
A0H 1 RY H,L,M no



§ coaT.

Tabie 1 ist of enzymes used in the study.
ART Aspartate aminotransferase
= AGA Adenonsine deaminase
ADH Bicoho] dehyvdrogenase
AGP o - Glycerophosphate dehydrogenase
AK Edenylate kinase
ALD Aldolase
LPK ireatiﬁé phosphokinase
OIA Diaphorase
ES Esterase
QP Tructose -1,6 diphosphotase
FUM Fumerase '
GePOR Glucose-&-phosphat éeﬁyﬁraﬁﬁ ase
GAPDH 6lyceraldehyde-3 phosphate dehydrogenase
GDH Glutamate dehydrogenase
FELYDH Glycerol dehydrogenase
TGPT Glutamatie pyruvaie ifransaminase
GUs B-glucorcnidase
Hs Hexokinase
10H Ispcitrate dehydroganase
LAP Leucine sﬁiﬁeaﬂytadgse
L. DH Lactate dehydrogenase
HDH Malate dehydrogenase
ME Malic enzyme
MPT op PMT V&Pi@b;"i‘VQJS@%a g isomerase
< NP sucleoside phosphorylase
PEP Peptidase
EPGDH §-Phosphogluconate dehydrogenase
PGI Phosphoglucose jsomerase
#PGK Phosphogliycerate kinase
k@?%@ Phosphoglucomutase
T PR Pyruvate kinase
SDH Sorbitel dehydroge
506D Supergxide dismutz
FSUCDH Succinate dehydrog
FiPl T?*u% phosohate isome:
XDOH nthine dehydrogenase
X Mov el



Table 2. Allels frepuencies at Pei, Pgm-l and Pow-2

Location Pg¥  Pam-T°

Number of
Pogm-2* genes examined

S. platorynchuys

Cairo. IL .90 .87

Fansas City, MO .89 .94

Lower Mississippi, MO .78 .85

Missouri River, M7 .87 .97

Tongue River, MT .88 .87

Brownvilie, HNE .92 .96

{hippewa River, WD .74 -8R
S. albus

nooted samples .81 .98
Hybrids

pooled samples .88 1.00

*Frequency of the common (100} allele

.98 40
1.00 18
.98 40
9% 7%
1.00 70
.98 50
.08 60
.95 26
1.00 8
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BASIC EXPLANATION OF THE ELECTROPHORETIC PROCEDURE , 1975}

Sampie Preparation

Tissuss that were notl tested at the Time of colleciion were frozen at -40°¢
for variable lengths of time. Scme proteins were stable during freezing for long
periods of time {e.g., PGM, LDH, and TO) while® others tended to JTose activity
rapidly (e.g., AAT, IDH, and ADH). In general, muscle enzymes were more stable
than liver enzymes.

Tissue extracts from muscie, brain, heart, liver, eye, and intestine were

orepared by combining equal amounts of Tissue and water ipn 12 x 75 mm glass tubes

and sguashing this mixture with & giass rod. is process breaks the cell membranes
and releases the soluble enzymes contained in that tissue into the water. The

extracts were then centrifuged for § minutes at 1000 x g to separate the soiuble

aroteins form the broken tissues,

Gel Prepavation

A form for the starch gel was preparad by clamping Tour piexiglass strips to

o

a 10 1/2" X 7" X 1/4% glass plate {Figure 1. The vertical sirips mezsured
7Y% 3/4Y X 174 and the horizontal strips measured B 172" X 3/47 X 1/4%. Thicker
strips were used {3/8" or 1/2") when thicker gels were required.

i

The gels were prepared using 35 grams of hydrolyzed petato starch {Electrostarch-

Flectrostarch fo., Madison, Wis.] in 250 ml of the appropriate buffer. One quarter

by

the buffer was used fo suspend the starch in sclution in a 1000 mi erienmeyer

G

flask. The remainder of the buffer was heaied to boiling and then added o the

et

unheated starch-buffer suspension while constantly swirling the flask., This mixture

was hezted to boiling and kept at boiling temperature for a Tew moments while

e H



nccasionally swirling the flask to prevent burning the starch. The mixture was
degassed under the vacuum of a water aspirator for approximately one minute to
remove any air bubbles. The starch was then poured into the form described above

and allowed to cool to room temperature before using.

Slectrophorssis

The prepared gel was cut approximately 3 cm from the cathodal end. Filler

paper wicks {3 X 8 mm) were dipped in the extracis and placed vertically in the gel

el

cut. Forty wicks could be placed on 2 single gel in this manner (Figure 2.
wick containing a dye marker {diluted red food coloring) was placed at the end of
the gel to determine the rate of protein migration. Disposable, absorbant cloths
(e.g., Handi-wipes) were used to conduct the electric current from the iray buffer
to the appropriate ends of the gel (Figure 3).

The wicks ware removed after ten to fifteen minutes of electrophoresis and the
two sections of the gel were placed firmly together. An ice pack on 2 gloss plate

B

was placed on top of the ge

]
o
P
e
[
o
4]
o

i3

M
-5
(=

]
-5
b
foi
o
4]
il
(]
-
b
£

(]
M

- applied until the dye warker
had migrated 3 to 8 cm from the cut {origin); optimal migration distances for a glven

buffer system varied among proteins.

Staining Procedures

After completion of electrophoresis, the gal was sticed horizontally {Figure 4)

H

into four or more sections, depending on tae thickness of the gel. This was done by
_ g Y

hpv

el facing upward.



1

{

Fnzymes catalyze specific biochemical reaciions. it is therefore possible to

sze the location of a particular enzyme on the starch gel by supplying the
appropriate substarte and cofaclors and hy involving a product of the enzymatic
reaction in a color producing reacticn. The colored product becomes deposited on

the gel forming a visible band where a sarticular enzyme has been electrophoretically
localized. As an example, the staining reaction for the enzyme Tactate dehydrogenase

P

15 diagrammed in Figure S.



Figure 1.~~Form for starch gel.
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ure 2.--Placement of samples on starch gel.

Filter paper imserts (Schleicher and Schuell grade S&5 No. 470) are
sarurated with test samples and inserted adjacently in the cut portioy
of the gel. Each insert holds approximately 3.02 mi of sawmple.

- .
fel is cut at three om with a scalpel.
One to two mm spacing between samples.

layer of plastlc wrap is placed over the gel and folded bac

1 cm of gel at each end.




Figure 3,--Preparation of gel for electrophoresis.
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Flastic butter dish covers {or similay containers) are filled 2/3-full
with the elecrrods buffer sclution.

Platinum electrodes are placed in the huffer and secured with clothes—
pins.

An absorbant wick {e.g., Handiwipes) i3 placed in the buffer sclurion
and firmly pressed to the surface of the gel, covering the sxncsed

surface,
The gel frame is elevated about two inches by any convenient material,
placed beneath the glass plate,
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Figure 5.~-Staining reaction for the enzyme lactate dehydrogenase., Lactate

dehydrogenase (LDH) catalyzes the conversion of lactic aecid to pyruvie
acid, reducing nicotinomide adenine dinucleotide (NAD} and releasing a

fon into solution. The transient hydrogen of HADH is picked up by an

intermediary, phenazine methosulphate {(PMS) .
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