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CHARACTERIZATION OF THE TREEFROG NULL ALLELE 

INTRODUCTION 

As p a r t  of our  i n t e n s i v e  year-long b a s e l i n e  eco log ica l  

s tudy  (Facemire e t  a l .  1990),  w e  cha rac t e r i zed  the  degree of 

g e n e t i c  polymorphism and he terozygos i ty  i n  s e l e c t e d  Feed 

Mate r i a l s  Production Center (FMPC) popula t ions  us ing  

e l e c t r o p h o r e t i c  techniques.  These data are being used as an 

i n d i c a t o r  of stress by comparing popula t ions  on and o f f  t h e  FMPC 

s i te .  

Anurans ( f rogs  and toads )  are i d e a l  organisms f o r  u s e  as 

monitors of environmental stress. They breed and l a y  t h e i r  eggs 

i n  w a t e r  and t h e  t adpo les  spend f r o m  one t o  three months 

(depending on t h e  spec ie s )  developing i n  a q u a t i c  habi ta ts ;  

dur ing  t h e  tadpole  stage they  are herbivores  feeding  

predominantly on a l g a e .  Upon metamorphosis anurans become 

terrestr ia l  ca rn ivo res .  They may s t a y  around t h e i r  n a t a l  pond 

o r  d i s p e r s e  up t o  1 0  km ( E w e r t  1 9 6 9 ) .  However, their  f i rs t  

breeding season they  demonstrate a r e m a r k a b l e  f i d e l i t y  t o  t h e i r  

n a t a l  s i t e  and most w i l l  migrate  d i r e c t l y  back t o  the  pond i n  

which they  developed (Chr i s t e in  e t  a l .  1979) .  Adults  w i l l  

cont inue t o  r e t u r n  t o  t h e  same s i t e  year  af ter  year  ( O l d h a m  

1 9 6 7 )  and cases e x i s t  of i nd iv idua l s  r e t u r n i n g  t o  t h e  s i t e  of a 

n a t a l  pond long a f te r  it has been o b l i t e r a t e d  (Heusser 1960) .  

W e  s t ud ied  t r e e f r o g s  ( sp r ing  peeper; H y l a  e because 

they  are one of the  most abundant anuran s p e c i e s  i n  t h e  v i c i n i t y  

of t h e  FMPC and because they  breed o n s i t e .  

' 
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females each depos i t  approximately 900 eggs, 

6 days and t a d p o l e s  r e q u i r e  about 45 days i n  
a egg ha tch  occurs  i n  

w a t e r  before 

metamorphosis (Gosner and Rossman 1 9 6 0 ) .  F i r s t  reproduct ion  

occurs  a t  one year  of age (Co l l in s  1975)  and the longev i ty  

record  for  a t r e e f r o g  of t h i s  genus i s  14 y e a r s  of age ( B o w l e r  

1977). 

Spring peeper t adpo les  (N=80) were collected f r o m  an 

ephemeral pond, surrounded by mowed g ras s ,  w i th in  the waste p i t  

area about 150 m south  of Waste P i t  6 and compared with 20 

t adpo les  from an o f f s i t e  populat ion i n  Indian C r e e k  County Park,  

Bu t l e r  County, O h i o  (Facemire e t  a l .  1 9 9 0 ) .  A s i g n i f i c a n t ,  

unique a l l e l e  a t  t he  glucose phosphate isomerase ( G P I )  l ocus  w a s  

found i n  the FMPC t r e e f r o g  t adpo les .  G P I  i s  an e s s e n t i a l  

g l y c o l y t i c  enzyme. The a l le le ,  GPIC,  i s  a n u l l  ( i n a c t i v e  under 

a s say  c o n d i t i o n s ) .  

frequency of approximately 20% and w a s  expressed only  i n  

heterozygous condi t ion .  T h i s  a l le le  w a s  no t  p r e s e n t  i n  t a d p o l e s  

from o f f s i t e  and s i g n i f i c a n t  he te rogenei ty  ( p  < 0.001)  e x i s t e d  

between FMPC and o f f s i t e  t adpo les  a t  t h i s  locus .  Guttman (1985)  

r e c e n t l y  reviewed t h e  l i t e r a t u r e  on biochemical popu la t ion  

g e n e t i c s  of frogs and toads  and did not  f i n d  any i n s t a n c e  of a 

n u l l  a l le le  a t  a g l y c o l y t i c  enzyme locus .  N u l l  al leles have 

occas iona l ly  been found a t  g l y c o l y t i c  enzyme l o c i  i n  o t h e r  

organisms and t h e y  are o f t e n  a s s o c i a t e d  w i t h  d i s e a s e  (Sp ie s s  

1977)  ., However, GPI homozygous n u l l s  have been demonstrated t o  

be le tha l .  Burkhart  e t  a l .  (1984)  analyzed n u l l  al leles i n  

It  w a s  p re sen t  i n  FMPC samples w i t h  a 

and noted tha t  GPI w a s  t h e  only e s s e n t i a l  l o c u s  among 



’ 6385 3 

0 those s tudied ;  the n u l l  w a s  l e tha l  as a homozygote. Hydrops 

f e t a l i s  or immediate neonata l  death of humans has r e c e n t l y  been 

shown t o  be caused by G P I  def ic iency  (Ravindranth e t  a l .  1987) .  

The cu r ren t  s tudy  w a s  i n i t i a t e d  t o  determine whether t h i s  

GPI  n u l l  a l le le  i s  lethal,  when homozygous, i n  s p r i n g  peepers .  

Also, a sampling p ro toco l  w a s  implemented to determine whether a 

l i n e a r  effect  occurs re la t ive  t o  the frequency of the  n u l l  

a l le le  of fs i te  and t o  determine t h e  o r i g i n a t i o n  s i t e  of the  n u l l  

a l le le .  

METHODS 

Three hundred and seventy-four a d u l t  Hyla crucifer w e r e  

c o l l e c t e d  from 15 sites inc luding  t h e  FMPC ( S i t e s  1-15; Table 1, 

Figure 1);  a l l  b u t  three of t h e  a d u l t s  w e r e  males. Treefrogs 

were brought back t o  M i a m i  Universi ty ,  toe-c l ipped  w i t h  a unique 

number and maintained a t  5 C .  Toes removed dur ing  marking were 

f rozen  a t  -7OC. Males ceased c a l l i n g  after 14 May 1990 ;  

t h e r e f o r e ,  a d d i t i o n a l  a d u l t s  could not  be collected. Sample 

s i z e s  were increased  a t  ind iv idua l  sites by r e t u r n i n g  t o  those  

s i tes  and c o l l e c t i n g  Hyla t adpo les .  I n  add i t ion ,  two 

new sites ( 1 6  and 1 7 ;  Table 1, Figure 1) were sampled us ing  only 

t adpo les .  A t o t a l  of 4 1 9  &yJ,a crucifer t adpo les  w e r e  c o l l e c t e d  

f o r  t h i s  s tudy.  

Toes from i n d i v i d u a l  t r e e f r o g s  and  whole i n d i v i d u a l  

t adpo les  were homogenized manually w i t h  0.25M sucrose  2% 2- 

phenoxyethanol i n  cold spo t  p l a t e s .  T h e  homogenates were then  

8 
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s t o r e d  a t  -70° C u n t i l  analyzed by e l e c t r o p h o r e s i s ;  t h i s  

occurred wi th in  fou r  days of homogenization. 

Glucose phosphate isomerase w a s  analyzed us ing  a c i t r ic  

ac id ,  4- (3-aminopropyl)morpholine, pH 6 . 1  b u f f e r  (Clayton and 

T r e t i a k  1972) and 15% Sigma starch (Sigma C h e m i c a l  C o . ,  

S t .Louis )  g e l ,  w i t h  h is tochemical  procedures fo l lowing  Selander  

e t  a l .  (1971). A f t e r  t he  g e l s  w e r e  s ta ined,  the genotypic  

composition of each t r e e f r o g  w a s  determined and recorded. 

Genotypic data were analyzed us ing  the  BIOSYS-I computer program 

(Swofford and Selander  1981). A l l e l e  f requencies ,  d e v i a t i o n  

f r o m  expected p ropor t ions  assuming Hardy-Weinberg equ i l ib r ium 

condi t ions ,  amount of g e n e t i c  v a r i a t i o n ,  s i m i l a r i t y  matrices and 

chi-square contingency tes ts  for  in t e rpopu la t ion  he te rogene i ty  

were performed. 

t o  t r e e f r o g  popula t ions  s tud ied  i n  1986 and 1987 (Facemire e t  

a l .  1990). P r i o r  to commencing the  study, protocols w e r e  

submitted and approved by  WMCO. 

Resu l t s  are d iscussed  and i n t e r p r e t e d  r e l a t i v e  

Se lec t ed  a d u l t s  were frozen a t  -7OC af ter  GPI genotypes 

were determined and maintained as vouchers; the remaining a d u l t s  

w e r e  r e tu rned  t o  t h e  si tes where t h e y  w e r e  c o l l e c t e d  and 

r e l eased .  

' RESULTS 

Twenty a d u l t  males heterozygous f o r  t h e  n u l l  a l le le  were 

maintained f o r  use  i n  c ros ses  with heterozygous n u l l  females. 

The three a d u l t  female t r e e f r o g s  c o l l e c t e d  w e r e  gravid. 

9' 
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However, a n a l y s i s  of the i r  G P I  p a t t e r n s  i n d i c a t e d  t ha t  they  

lacked the n u l l  a l le le  and could not  be used fo r  crosses. 

A t o t a l  of f i v e  GPI al leles were de tec t ed  i n  the  783 Hyla 

crucifer examined. 

Facemire e t  a l .  ( 1 9 9 0 ) .  The a d d i t i o n a l  a l le les  n e c e s s i t a t e d  a 

change i n  a l l e l i c  nomenclature; al leles G P I b  and G P I C  of 

Facemire e t  a l .  (1990)  w e r e  designated GPIC and GPIn,  

r e s p e c t i v e l y .  

A l l e l e  f requencies  i n  t h e  populat ions s t u d i e d  are l i s t e d  i n  

Table 2; t h e  d i s t r i b u t i o n  of the n u l l  a l le le  GPIn  i s  mapped i n  

F i g .  2 .  N o  i nd iv idua l  sampled w a s  homozygous f o r  G P I n .  

Two r ep resen t  al leles not  observed by 

The two new alleles were l abe led  GPIb and GPId.  

Highest f requencies  of G P I n  occur i n  the  immediate v i c i n i t y  

of t h e  FMPC, al though the  Teet's Farm and R i l ey  popula t ion  

f requencies  approximate t h a t  of the FMPC v i c i n i t y .  A l l e l e  

f requencies  f o r  GPIn decrease dramat ica l ly  sou th  and east of t h e  

FMPC, a t t a i n i n g  f requencies  between s i x  and e ight  percent  

between 5-10 km from the  FMPC. I n  c o n t r a s t ,  a l le le  f requencies  

f o r  GPIn remain high no r th  of t h e  FMPC over a t  least  15 km; t h e y  

appear t o  decrease a t  a d i s t a n c e  of approximately 20 km (12%; 

popula t ion  1 7 ) .  

a 
.̂ -. 

_- 

Two types of contingency chi-square ana lyses  w e r e  

performed. The first considered a l l  f ive alleles i n  t he  

popula t ions  sampled; t h e  second a n a l y s i s  pooled a l le les  A-D i n t o  

an "other" category and compared the f requencies  of t h e  n u l l  and 

"o ther"  ca t egor i e s  across popula t ions .  

Using a l l  a l le les ,  f requencies  f o r  GPI a l le les  i n  tadpoles  

and a d u l t s  from t h e  FMPC are not  s i g n i f i c a n t l y  d i f f e r e n t  (Table 
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3 ) ;  i n  add i t ion ,  t h o s e  samples collected from t h e  v i c i n i t y  of 

t h e  FMPC are not  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  each other  nor  

from FMPC t r e e f r o g s .  However, t h o s e  popula t ions  wi th in  a 5-10 

k m  r ad ius  of the FMPC are s i g n i f i c a n t l y  heterogeneous (p< 

0 .00000) ;  the  ma jo r i ty  of the con t r ibu t ion  t o  t h e  high chi- 

square va lue  derives from the  h igh  frequency of GPIa i n  the  

Whitewater sample, l o w  frequency of GPIb i n  the Teet 's  Farm 

sample, presence of GPId i n  t h e  Wieks Road f r o g s  and uneven 

d i s t r i b u t i o n  of G P I n .  Separat ion of t h e  popu la t ions  i n t o  

nor thern  and southern groups r e s u l t e d  i n  the  maintenance of 

within-group he terogenei ty  ( T a b l e  3). Between 10-15 km, the  two 

popula t ions  sampled are s i g n i f i c a n t l y  heterogeneous (p<0.025) 

due t o  t h e  high frequency of GPIn i n  the  no r the rn  Garner Road 

sample compared t o  the t r e e f r o g s  from Jordan Road l o c a t e d  sou th  

of t h e  FMPC. Those populat ions sampled from greater t h a n  15 k m  

were a l l  from n o r t h  of t h e  FMPC. S i g n i f i c a n t  he t e rogene i ty  

(p<0.0006) w a s  p r imar i ly  due t o  t h e  unequal d i s t r i b u t i o n  of 

three (GPIa,  GPId, G P I n )  of t he  f ive  a l le les .  Comparison of 

only the R i l ey  and Garver Road populat ions,  removing popula t ion  

17 from the  comparison, y ie lded  d a t a  i n d i c a t i n g  the  former t w o  

popula t ions  are homogeneous a t  GPI.  

Resu l t s  d i f f e r  markedly when a l le les  A-D are pooled i n t o  

an "other" ca tegory  and t h e  f requencies  of t h e  n u l l  and "other" 

c a t e g o r i e s  are compared across popula t ions  ( T a b l e  4 ) .  While t h e  

popula t ions  between 5-10 km f r o m  t h e  FMPC cont inue  t o  e x h i b i t  

s i g n i f i c a n t  he te rogenei ty ,  a n a l y s i s  of t h e s e  samples by 

, d i r e c t i o n  re la t ive t o  t h e  p l a n t  i n d i c a t e s  homogeneity wi th in  
11- ' 
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a both the northern and southern groupings. I n  add i t ion ,  

he te rogenei ty  between t h e  Jordan and Garner Road samples i s  

accentuated.  F i n a l l y ,  t h o s e  populat ions 15-20 k m  from t h e  FMPC 

(15-17) become marginal ly  homogeneous (p=0.08, Table 4 ) .  

DISCUSSION 

Facemire e t  al. (1990) found a unique n u l l  a l l e l e  a t  t h e  

glucose phosphate isomerase ( G P I )  locus i n  FMPC t r e e f r o g  

t adpo les .  The a l le le ,  GPIn ( t h e i r  G P I C )  w a s  p r e s e n t  i n  FMPC 

samples from both  yea r s  w i t h  a frequency of approximately 20%, 

w a s  expressed only i n  heterozygous condi t ion  and w a s  no t  present 

i n  t adpo les  from of fs i te ;  s i g n i f i c a n t  he t e rogene i ty  (p < 0.001)  

e x i s t e d  between FMPC and o f f s i t e  tadpoles  a t  t h i s  locus .  

The  p re sen t  s tudy  w a s  i n i t i a t e d  t o  determine whether t h e  

frequency of t h e  GPIn a l le le  decreases i n  €iyla crucifer w i t h  

i nc reas ing  d i s t ance  from t h e  FMPC. Since Facemire e t  a l .  (1990) 

d i d  not  f i n d  t h i s  a l le le  i n  t h e i r  re ference  sample, located 

approximately 1 7  k m  f r o m  t h e  FMPC, t h e  o u t e r  per imeter  for  

sampling w a s  set a t  a d i s t a n c e  of 10  km from the  p l a n t .  Our 

data ind ica t ed  t h a t  the  n u l l  a l le le  occurs  i n  a frequency 

approximately equal  t o  t h a t  found on t h e  FMPC 5-10 k m  nor th  of 

the  p l a n t  (22%, pop. 11, Teet's Farm) .  H o w e v e r ,  t h e  a l l e l e  

becomes g r e a t l y  reduced i n  frequency an equiva len t  d i s t a n c e  t o  

t h e  east (5%, pop. 13, Bank Road) and south ( 7 % ,  pop. 9, 

Whitewater). W e ,  t h e r e f o r e ,  extended our c o l l e c t i n g  area and 

managed t o  sample wi th in  a 20 km rad ius  of the  FMPC be fo re  t h e  a 

7 



sp r ing  peeper breeding season ended and a l l  tadpoles 

metamorphosed f r o m  known breeding ponds. 

The  presence of a s i g n i f i c a n t  frequency of GPIn i n  

popula t ion  15 (15%, Garver Rd) induced us t o  resample t h e  R e i l y  

( Indian  Creek County P a r k )  populat ion used as a r e f e r e n c e  by 

Facemire e t  a l .  (1990), s i n c e  t he  l a t t e r  popula t ion  i s  sou th  Of 

the  Garver Road c o l l e c t i o n  s i t e .  Analysis of 89 s p r i n g  peeper  

t adpo les  f r o m  s i t e  1 6  demonstrated t h a t  GPIn w a s  p r e s e n t  i n  high 

frequency (21%) i n  t ha t  populat ion as w e l l .  Subsequent 

reexamination of photographs of g e l s  ob ta ined  by Facemire e t  a l .  

(1990)  documented t h a t  GPIn w a s  indeed p r e s e n t  i n  the i r  1987 

sample f r o m  s i t e  1 6  but  had been m i s i d e n t i f i e d .  

D a t a  ob ta ined  i n  t he  p resen t  s tudy  i n d i c a t e  an area of 

approximately 20 k m  ( inc luding  popula t ions  1-7, 10-12, and 15- 

16) where the  frequency of G P I n  ranges between 15%-278. 

Frequencies decrease north,  southeas t  and sou th  of t h i s  area. 

Facemire e t  a l .  (1990) pos tu l a t ed  t h a t ,  s i n c e  t he  GPIn a l l e l e  

occurred i n  t h e  s p r i n g  peeper tadpoles  f r o m  t h e  FMPC waste 

s to rage  area bu t  not  from t h e  r e fe rence  s i te ,  the i r  data 

suggested s i g n i f i c a n t  effects of FMPC opera t ions  on t h e  

~?rur:bfeT breeding i n  t he  waste storage a r e a .  Heavy metals and 

rad ionucl ides ,  such as those found i n  t h e  waste s t o r a g e  area, 

have been shown t o  be mutagenic; Facemire e t  a l .  (1990) noted  

t h e  n e c e s s i t y  of  a d d i t i o n a l  sampling from ponds immediately 

around t h e  FMPC be fo re  t h e  cause and s i te  of o r i g i n  f o r  t h e  n u l l  

GPI  a l l e l e  could be unequivocally determined. 
. 

13 
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While the present study demonstrates that the GPIn allele 

has a wider distribution than anticipated by Facemire et al. 

(1990), the FMPC remains a possible site for its origin. 

FMPC and surrounding industries have been active since the 

1950's. Therefore, sufficient time may have elapsed to account 

The 

for widespread dispersal of the GPIn allele. 

(1990) demonstrated that frogs (Rana berlandlerl ' ' 1 ,  after 

Platz et al. 

introduction by humans, dispersed at a rate of approximately 12 

km per year along the Colorado and Gila Rivers in California and 

Arizona. While the movement of the Raa occurred along the 

banks of, or in, the rivers, Hyb crucifer migrate over land 

following metamorphosis and are found.as adults in wooded areas. 

Land immediately north of the FMPC is flat and has been 

extensively cleared for agriculture; wooded habitat is scarce. 

, Dispersing frogs, moving during wet periods, would have to 

migrate great distances before reaching habitat suitable for 

existence as adults. In contrast, extensive hilly, wooded areas 

. to the south and east of the FMPC would tend to reduce dispersal 

distances. Additionally, increasing urbanization in these 

directions would make successful dispersal of the treefrogs more 

difficult . 
While the above scenario for the origin and spread of the 

GPIn allele is attractive,'distributional data obtained during 

this study indicate that the specific site of origin for this 

allele cannot be unequivocally determined. Herbicides, 

pesticides, other potential mutagens or natural mutational 

events at any site within the area of high frequency may have 



been responsible for its induction. 

decrease in frequency of the allele in populations 8-9, 13-14 

and 17 strongly suggest that the allele originated within an 

approximate area bounded by Reily to the north, Kirchling Road 

on the west and immediately south of the FMPC. 

However, the marked 

Although 783 liyla crucifer were analyzed and 266 

individuals were heterozygous for the GPIn allele, 

treefrogs were homozygous for the null allele. Assuming Hardy- 

Weinberg equilibrium conditions and considering the populations 

sampled as one large unit, 22 null homozygous 

expected. Jones et al. (1986) demonstrated that null 

heterozygotes for GPI in Clarkia ' , obtained after treatment of 
plants with the mutagen EMS, appeared to be as fit as normal 

homozygotes. However, null homozygotes were never recovered 

after selfing the null heterozygotes and were presumed to be 

lethal. Weeden and Wendel (1990) suggested that the presence of 

none of the 

crucifer were 

two, equally intense bands on an electrophoretic gel with a null 

heterozygote for a dimeric enzyme is a strong indication of a 

defective monomer; the two strands of the homozygous null dimer 

are unable to form an active enzyme while a null and active 

heterodimer can be functional. Their data, combined with those 
reported by Burkhart et al. (1984) for DrosoDhlla ' and 

Ravindranth et al. (1987) for humans, support the contention by 

Facemire et al. (1990) that the homozygous null condition is 

lethal in spring peepers. 

Unfortunately, authorization for this study was issued near 

crucifer 's breeding season and only three gravid the end of 
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0 females, all lacking the null allele, could be collected. 

Crosses of heterozygous spring peepers should be made next 

spring to unequivocally demonstrate whether the GPIn allele, 

when homozygous, is lethal during early development. 

In addition, sampling west of the FMPC as well as at 

distances greater than 20 km, along the remaining compass 

points, must be conducted to confirm whether the frequency of 

this unique null allele continues to decline with increasing 

distance from the FMPC and vicinity. 
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Table I .  Collect ion sites fo r  spring peeper (Hyla cructfer) populattons examined. e 
Slte No. St t e  Abbrev. S a m p l e  Size County  Locat lon 

1 FMPCA 9 adul t s  Hamilton Meteorological tower,  near  f ly  ash 
pile and north leased grazlng a r e a  

2 FMPCT 88 tadpoles  Hamilton Meteorological tower 

3 POND 1 44 adul t s  Hamilton Paddy's Run Road, w of Boundary 
Stat ion 6 

4 RR 16 adul ts  But ler  Paddy's Run Road, a t  ra i l road crossing,  
in a d t tch  by pallet company 

5 NI EM 8 adul t s  But le r  Nteman Farm 

6 , 4TOP 22 adul ts  But le r  Farm pond nortn of SR 126, near 
Nieman Farm 

7 SRUSH 21 adul t s  Hamilton Farm pond on SR128 n e a r  In  wt th  
Hanover Road 

8 WlEi 31 adul t s  Harnllton J n  Wlek SI Dry Ridge Rds 

9 WHITE 41 adul t s  Hamilton Dltch a longSRl28.  1.2 km n of 
Miamltown 

IO KIRCH 17 adul t s  But ler  S side Ktrchltng Rd, 0.7 km w of In  
46 tadpoles  w i t h  US27 

1 1  TEET 1 1 adul t s  Bui ler  Teet 's  Farm, w side ChaDel Rd, 1 km s 
100 tad2oles In w i t n  Jenkins  Rd 

I2 SARN 42 adul t s  Bui ler  Gamer Rd a c r o s s  f rom Bunker H i l l  
Boy's Center 

13 SANK 43 adul t s  H a n i l t o n  3ank Rd nr Hugnes Rd 

14 JOAD 42 adul t s  H a r i l x n  f side of Jorctan ad, 2.1k17: w of Zton 
ad 

1s S A 2 V  4 i  adul t s  Buzler t a r v e r  Rd 0.5 km n Elliot  ad  

I6 >.EiLV 89 IadDoles 3 u r l e r  Pond on w side Indian Crew Park 

I7 330T;I 77 rad9oles 6 u r l e r  Pond 1 km 5 Soot112d. 0.7 km w US27 
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Figure 1 .  Location of collection s i tes  for spring peepers Hvlacr:Jcifer. 
See Table 1 for s i te  details. 
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Figure 2. Allele frequencies of the GPIn allele in spring peeper Hvla 
crucifer populations sampled, Spring 1990. See Table 1 for s i te  
detai Is. 




