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Summary. The eye lens ~-crystallins in cow and 
chicken are encoded by a family of  at least six genes. 
In order to assess the distribution of  the correspond- 
ing genes among other vertebrates we hybridized 
~/-crystallin sequences (flA2, flA3/A 1, flA4, [3B 1, fiB2, 
~/B3), isolated from a bovine lens cDNA library, to 
Southern blots on which EcoRl-digested chromo- 
somal DNA was blotted from different vertebrate 
species. These included human, chimpanzee, calf, 
rat, pigeon, duck, monitor lizard, toad, trout, and 
lamprey. Positive hybridization signals were found 
in the representatives of virtually all classes of  ver- 
tebrates. The basic ~B-crystallins gave hybridization 
signals in more species than the acidic flA ones. In 
monitor lizard and toad the weakest hybridization 
signals for basic crystallin probes were found. For 
acidic crystallin probes the distribution pattern was 
more simple; among cold-blooded vertebrates a sig- 
nal for flA2 was found in trout and lamprey, for flA4 
in trout, and for ~/A3/A1 only in toad. The results 
demonstrate that the duplications leading to the 
fl-crystallin gene family occurred before or during 
the earliest stages of vertebrate evolution. 

Key words: Eye lens proteins -- Molecular evo- 
lution -- Gene family 

Introduction 

The major proteins of  the vertebrate eye lens are 
called crystallins, which constitute 95% of the pro- 
teins present (Bloemendal 1981). Crystallin function 
is supposed to be mainly structural. Lens fiber cells 
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are filled with crystallins to a high concentration in 
a tight and stable packing in order to impart ade- 
quate optical properties to the lens (Tardieu and 
Delaye 1988). The crystallins can be divided into 
four major classes, a-, ~-, "r-, and ~-crystallins, of 
which the/~- and -pcrystallins belong to the same 
multigene family. Occurrence of  6-crystallin is re- 
stricted to birds and reptiles. Some species possess 
in addition so-called taxon-specific crystallins, which 
often have enzymatic activity (Wistow and Piati- 
gorsky 1988; De Jong et al. 1989). 

The most heterogeneous group of  crystallins is 
the /%crystallin family. They can be divided into 
two structurally distinct groups: the basic ~B and 
acidic ~A ones (Berbers et al. 1982; Slingsby et al. 
1988). This distinction forms the basis for the 
~-crystallin nomenclature (Bloemendal et al. 1989). 
The oligomeric fl-crystallins are distinguished from 
the monomeric "r-crystallin family on the basis of 
structural and immunological criteria (Lubsen et al. 
1988). In the bovine lens there exist at least seven 
primary gene products assigned to the ~-crystallin 
family (flA1,/3A2, ~A3,/5A4,/SB1,/5B2, and/5B3). 
These paralogous fl-crystallins (i.e., that have arisen 
via gene duplications) are encoded by six different 
RNAs (Berbers et al. 1982; Van Rens et al. 1991). 
Also the chicken contains seven primary gene prod- 
ucts (Ostrer et al. 1981; Hejtmancik et al. 1985). 
Two of  them, BA3 and A1, are, as in calf and human, 
translated from the same messenger by the use of 
two different initiation codons (Gorin and Horwitz 
1984; Quax-Jeuken et al. 1984; Hogg et al. 1986; 
Peterson and Piatigorsky 1986). 

By now the primary structures of all bovine 
/~-crystallins have beer)elucidated, mainly by infer- 
ence from cDNA sequences (Quax-Jeuken et al. 
1984; Van Rens et al. 1991), but also by protein 
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sequenc ing  (Dr ie s sen  et  al.  1981; Berbers  e t  al. 1984). 
L ike  3 , -crys ta l l ins  t h e y  h a v e  fou r  i n t e r n a l  r epea t s ,  
c o r r e s p o n d i n g  w i t h  fou r  s t r uc tu r a l  m o t i f s  ( G r e e k  
keys ;  B l u n d e l l  e t  al.  1981). A l s o  a t  t he  gene  leve l  
t h i s  f o u r f o l d  r e p e a t  c a n  b e  d e t e c t e d ;  in  t he  E-genes  
f o u r  e x o n s  e n c o d e  the  fou r  d i f fe ren t  s t r uc tu r a l  m o -  
t i fs  ( P i a t i g o r s k y  1984). T h e  m o t i f s  a re  a r r a n g e d  in  
t w o  c o m p a c t  d o m a i n s .  R e c e n t l y ,  t he  c rys t a l  s t ruc -  
tu re  o f  t he /3B2  h o m o d i m e r  has  b e e n  e l u c i d a t e d  b y  
x - r a y  a n a l y s i s  (Bax et  al .  1990). I t  ha s  b e e n  s h o w n  
tha t ,  as  c o m p a r e d  w i th  t he  ~ -c rys t a l l i n s ,  t he  p e p t i d e  
c o n n e c t i n g  the  d o m a i n s  o f  13B2 c ry s t a l l i n  is  e x t e n d -  
ed.  T h e  two  d o m a i n s  a r e  s e p a r a t e d  in  a w a y  u n l i k e  
t h a t  in  t he  -V-crystall ins;  t he  d o m a i n  i n t e r a c t i o n s  in  
t he  h o m o d i m e r  o f  13B2 a re  a n t i p a r a l l e l  a n d  i n t e r -  
m o l e c u l a r  i n s t e a d  o f  i n t r a m o l e c u l a r .  

T h e  13-crystall ins h a v e  d i s t a n t  s t r uc tu r a l  a n d  se- 
q u e n c e  h o m o l o g y  w i t h  s o m e  s m a l l  p r o t e i n s  l ike  t he  
b a c t e r i a l  s p o r e  c o a t  p r o t e i n  S ( W i s t o w  et  al.  1985) 
a n d  s p h e r u l i n  3a  f r o m  the  s l i m e  m o l d  Physarum 
polycephalum ( W i s t o w  1990).  I n  ea r ly  v e r t e b r a t e  
e v o l u t i o n  t h e / 3 - c r y s t a l l i n s  h a v e  p o s s i b l y  b e e n  re-  
c r u i t e d  f r o m  p r e e x i s t i n g  h o u s e k e e p i n g  genes  to  
f u n c t i o n  as  eye  l ens  p r o t e i n s ,  as  has  b e e n  the  case  
w i t h  o t h e r  c r y s t a l l i n s  ( W i s t o w  a n d  P i a t i g o r s k y  1988; 
D e  J o n g  et  al.  1989). H i t h e r t o ,  s e v e r a l / 3 - c r y s t a l l i n  
s e q u e n c e s  h a v e  b e e n  d e t e c t e d  in  d i f fe ren t  w a r m -  
b l o o d e d  spec ies  a n d  a l so  in  frogs.  

T h e  a v a i l a b i l i t y  o f  t he  c o m p l e t e  set  o f  a c i d i c  a n d  
b a s i c  b o v i n e / 3 - c r y s t a l l i n  c D N A  s e q u e n c e s  as  m o -  
l e cu l a r  h y b r i d i z i n g  p r o b e s  m a d e  i t  p o s s i b l e  for  us  
to  s t u d y  the  p r e s e n c e  o f  p r e s u m e d  o r t h o l o g o u s  
~ - c r y s t a l l i n  s e q u e n c e s  (i.e.,  t h o s e  t h a t  h a v e  a r i s e n  
v i a  s p e c i a t i o n )  w i t h i n  a w i d e  e v o l u t i o n a r y  r ange  o f  
v e r t e b r a t e  c lasses .  F o r  th i s  p u r p o s e  g e n o m i c  D N A  
was  i s o l a t e d  f r o m  d i f fe ren t  v e r t e b r a t e  spec ies  a n d  
d i g e s t e d  w i t h  t h e  e n z y m e  EcoR1 .  T h e  re su l t s  o f  
h y b r i d i z i n g  t he /3 - c ry s t a l l i n  p r o b e s  to  S o u t h e r n  b l o t s  
a r e  e v a l u a t e d  in  t he  p r e s e n t  s t udy .  

M a t e r i a l s  and M e t h o d s  

Chromosomal DNA: Isolation and Blotting. The isolation of chro- 
mosomal DNA from cell cultures or animal tissues was done as 
described by Maniatis et al. (1982). Cell pellets were used directly 
for isolation of chromosomal DNA. Tissues isolated from ani- 
mals were immediately frozen in liquid nitrogen. The species 
and tissues used to isolate DNA were human (Homo sapiens) 
placenta cells; chimpanzee (Pan troglodytes) brain; cow (Bos tau- 
rus) thymus; rat (Rattus norvegicus) spleen; pigeon (Columba 
livia) brain; duck (Anas platyrhynchos) brain; monitor lizard 
( Varanus exanthematicus) liver; toad (Xenopus laevis) ovary; trout 
(Salmo trutta) spleen; lamprey (Petromyzon marinus) ovary. Ali- 
quots of 10 ug of genomic DNA were taken for digestion with 
EcoR1 in 100 ~1 of the reaction mixture for 3 h as prescribed by 
the supplier (Boehringer Mannheim). After addition of the en- 
zyme a 10-~1 sample was taken from each microtube. To these 
10-t~l aliquots 0.5 ug of~,DNA was added. When the hDNA was 
digested to completion, it was assumed that the genomic DNA 

was completely digested too; the appearance of discrete hybrid- 
ization bands on the incubated blots was an additional indication 
of complete digestion. The digests were loaded on a 0.7% agarose 
gel, and size-fractionated for 72 h at 6 mA (Maniatis et al. 1982). 
Transferral of the DNA to nitrocellulose (Schleicher and Schuell 
BA 85, 0.45 t~m) was accomplished with 10% standard saline 
citrate SSC: 0.15 M NaC1, 0.015 M sodium citrate) (Maniatis et 
al. 1982). Finally, after air drying, Southern blots were baked for 
2 h under vacuum at 80"C to immobilize the chromosomal DNA. 

Probes: Labeling and Hybridization. All probes used in the 
present study were prepared in our laboratory from cDNA clones 
containing the complete or nearly complete coding sequences of 
the 13-crystallin messengers. All clones were isolated from bovine 
cDNA libraries. The cDNAs used to synthesize the probes for 
the acidic/~-crystallins were 13A2 (520 bp),/~A4 (790 bp), and 
13A3/A 1 (200 bp) (Quax-Jeuken et al. 1984; Van Rens et al. 1991). 
The basic/~-crystallin probes used were/3BI (900 bp), 13B2 (250 
bp), and 13B3 (850 bp) (Quax-Jeuken et al. 1984; Van Rens et al. 
1989). The probes were labeled by random priming (i.e., Klenow 
elongation after priming with random hexamer primers; Feinberg 
and Vogelstein 1983) except for the 13A3/A1 and 13B2 probes, 
which were labeled by downstream priming (i.e., Klenow elon- 
gation of a primer template) with a cloned fragment from the 
third and fourth domain of/3B2 or/3A3/A1 in pTZI8R (Pouwels 
et al. 1985). Hybridization was done according to Church and 
Gilbert (1984), in a mixture of 0.25 M anhydrous disodiumhy- 
drogenphosphate, 7% SDS, 1% BSA, and 1 mM EDTA, with the 
addition of 100 ~g of herring sperm DNA/ml of hybridization 
mixture. The nitrocellulose blots were preincubated in hybrid- 
ization mixture for at least 1 h at 65"C. The volume of this 
mixture was the minimum amount required (60 #l/cm2). The 
activity used was at least 106 cpm/ml. Hybridization (at 65"C) 
was done for at least 14 h. The blots were washed consecutively 
in four solutions (each one for half an hour) containing 1% SDS, 
1 mM EDTA, and 0.25 M, 0.125 M, 0.05 M, and 0.025 M 
anhydrous disodiumhydrogenphosphate, respectively. Blots hy- 
bridized with the basic 13-crystallins were washed to the highest 
stringency. The blots for the acidic O-crystallins were at first 
washed to the highest stringency (0.025 M Na2HPO4), and during 
a subsequent hybridization experiment to a concentration of 0.05 
M Na2HPO4. 

R e s u l t s  

F o r  o u r  e x p e r i m e n t s  we  c o n s t r u c t e d  t h r e e  S o u t h e r n  
b l o t s  w i t h  E c o R  1-d iges t ed  g e n o m i c  D N A  o f  s e v e r a l  
v e r t e b r a t e  spec ies  (see l egends  to  Fig.  1). T h e  d iges t s  
were  m o n i t o r e d  (see M a t e r i a l s  a n d  M e t h o d s ) ,  a n d ,  
i f  fu l ly  d iges t ed ,  l o a d e d  o n t o  a n  a g a r o s e  gel a n d  
e l e c t r o p h o r e s e d .  T h e  s i z e - f r a c t i o n a t e d  D N A  was  
b l o t t e d  o n t o  n i t r o c e l l u l o s e  a n d  h y b r i d i z e d  consec -  
u t i v e l y  w i th  t he  d i f f e ren t /3 -c rys t a l l i n  p r o b e s .  A t  first  
e a c h  o f  t he  b l o t s  was  s c r e e n e d  w i t h  o n e  o f  t h e  p r o b e s  
c o d i n g  fo r  t he  t h r e e  b a s i c / 3 - c r y s t a l l i n s  (Fig.  1). A f t e r  
d e h y b r i d i z a t i o n  o f  the  b lo ts ,  sc reen ing  was  d o n e  w i th  
t h e  p r o b e s  fo r  t he  t h r e e  a c i d i c / 3 - c r y s t a l l i n s  (Fig.  2). 

I n  Fig.  1A the  r e su l t s  o f  s c r een ing  w i t h  t he  13B1 
p r o b e  a r e  p r e s e n t e d .  A l l  t he  l anes  s h o w  d i s c r e t e  h y -  
b r i d i z a t i o n  b a n d s ,  a l t h o u g h  the  i n t e n s i t i e s  o f  t he se  
b a n d s  di f fer  g rea t ly  in  t h e  v a r i o u s  species .  T h e  
s t ronges t  h y b r i d i z a t i o n  s ignal  was  f o u n d  in calf ,  ow-  
ing  to  t he  c o m p l e t e  h o m o l o g y  b e t w e e n  the  gene  a n d  
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Fig. 1. Hybridization ofgenomic DNA blots with probes for (A) 
•BI, (B)/~B2, and (C)/~B3. EcoRl-digested DNA samples were 
from (1) human placenta cells, (2) chimpanzee brain, (3) calf thy- 
mus, (4) rat spleen, (5) pigeon brain, (6) duck brain, (7) monitor 
lizard liver, (8) dawed toad ovary, (9) trout spleen, and (10) lam- 
prey ovary. Figure I A is a composite of two different exposure 
times. Lanes 1 and 2 were exposed for 4 days because a I 0-day 
exposure, as in lanes 3-10, revealed too much background signal. 
In Fig. 1B lanes 1-8 are obtained from the downstream-primed 
partial/~B2 probe, after 10 days of exposure; for lanes 9 and 10 a 
randomly primed probe was used, and exposure was for 14 days. 
The/~B3 blot shown in Fig. 1C was exposed for 7 days. 

the  c D N A  sequences .  In  t o a d  the  h y b r i d i z a t i o n  b a n d s  
a re  v e r y  weak ,  re f lec t ing  the  l o w e r  h o m o l o g y  o f  the  
h y b r i d i z i n g  sequences .  

F i g u r e  1B c o m b i n e s  t h e  r e su l t s  o f  t w o  c o n s e c u -  
t i ve  h y b r i d i z a t i o n s .  T h e  b l o t  was  first  h y b r i d i z e d  
w i th  a r a n d o m l y  p r i m e d  p r o b e  m a d e  f r o m  a c D N A  
in se r t  c o d i n g  f o r / ~ B 2 ,  w h i c h  gave  a s m e a r  o f  as -  

pec i f ic  s igna ls  in  l anes  o f  s o m e  h i g h e r  ve r t eb r a t e s .  
T h e  s e c o n d  h y b r i d i z a t i o n  was  d o n e  w i t h  a d o w n -  
s t r e a m - p r i m e d  p r o b e ,  c o n t a i n i n g  on ly  c o d i n g  se-  
q u e n c e s  for  t he  s e c o n d  d o m a i n  of/~B2. T h e  h y b r i d -  
i z a t i o n  s igna ls  d i s p l a ~ e d  in  t he  w a r m - b l o o d e d  
a n i m a l s  a re  o n  a v e r a g e  j u s t  as  s t r ong  as  in  calf .  I n  
l ane  7 t he  m o n i t o r  l i z a r d  c h r o m o s o m a l  D N A  d i s -  
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Fig. 2. After dehybridization of the blots shown in Fig. 1, hybrid- 
ization was performed with probes for the acidic/~-crystallins (A) 
BA2, (B)/~A3/A 1, and (C)/~A4. The blots for Fig. 2A--C were washed 
to the second highest stringency of 0.05 M Na + ions. The autora- 
diogram in Fig. 2A was exposed for 7 days. Figure 2B is a composite 
ofautoradiograms of different exposure times: lanes 1, 2, and 3 were 
exposed for 14 days; in a second hybridization experiment lanes 4- 
6 were exposed for 4 days, and lanes 7-10 for 7 days, For Fig. 2C 
exposure time was 7 days. Weaker bands in Fig. 2B are indicated 
by an arrowhead. 

plays two possible hybridizat ion bands; however,  
the signals are weak and the background is relatively 
strong. Also in the toad (lane 8) two weak bands can 
be distinguished. Surprisingly, rather strong signals 
were found in the lanes loaded with D N A  from trout 
and lamprey. 

The /3B3 probe gave the best results (Fig. 1C). 
The strongest hybridizat ion signal was found in the 
bovine lane. The rest o f  the m a m m a l s  also showed 

discrete and  strong hybridizat ion signals. Again, 
there is some aspecific hybridizat ion found in hu- 
man  and chimpanzee.  Slightly less intense hybrid-  
ization bands were found in birds. The weakest sig- 
nals were found in the lanes o f  lizard, toad, and 
trout. Lamprey  showed a relatively strong hybrid-  
ization signal. 

The initial hybridizat ion for/3A2 was done with 
a r andomly  pr imed probe (Fig. 2A). This hybrid-  



ization was washed to the highest stringency (0.025 
M Na2HPO4). After 7 days of  exposure, positive 
hybridization signals could be observed in all lanes, 
except for the toad and lizard lanes. The strongest 
signal was observed in the bovine lane. Also the 
other mammalian samples displayed strong hybrid- 
ization. In lamprey, one of the hybridizing bands 
was relatively strong as compared to the other spe- 
cies. In the trout, many bands were visible, but they 
were poorly defined. A second hybridization was 
carried out with the same probe, but by adding twice 
as many cpm/ml of  hybridization mixture. Again, 
no signals were found in toad and in lizard. 

For/~A3/A1, the most widely sequenced acidic 
#-crystallin (Lubsen et al. 1988), hybridization sig- 
nals were found in the mammalian and avian chro- 
mosomal DNA lanes (Fig. 2B). The strongest signal 
was not found in the calf lane, probably because 
there are many EcoR1 sites in the noncoding parts 
of the ~A3/A 1 gene. In another blotting experiment 
with Xba 1-digested DNA the strongest signal was 
found in the calf lane. The rest of  the data were 
comparable to the results found with the EcoR 1 blot 
(data not shown). In lizard, trout, and lamprey no 
hybridization signals could be found. The toad lane, 
however, displayed a weak signal. 

Finally, the probe for /3A4 again revealed the 
strongest hybridization band in the bovine lane (Fig. 
2C). Weaker signals were observed in the other 
warm-blooded vertebrates. In the trout, hybridiza- 
tion signals were found, but not in lamprey, toad, 
and lizard. The blot was once more hybridized with 
the same probe and washed to a lower stringency, 
0.05 M Na2HPO4. Also this procedure failed to re- 
veal positive hybridization bands in the lanes of 
toad and lizard, but the lamprey DNA now showed 
a possibly weak positive signal with a relatively high 
background (data not shown). 

Discuss ion  

Evolutionary trees constructed on the basis of  the 
amino acid sequences of  ~- and 3,-crystallins indi- 
cate that the gene duplication leading to the diver- 
gence between the ancestral acidic and basic/%crys- 
tallins predated the beginning of the vertebrate 
radiation (Quax-Jeuken et al. 1985; Van Rens et al. 
1991). The sequence differences among the three 
acidic and the three basic chains from cow also sug- 
gest that the subsequent gene duplications resulting 
in the present-day B-crystallin family may well have 
occurred during the earliest stages of  vertebrate evo- 
lution (Berbers et al. 1984; Aarts et al. 1989). It is 
therefore likely that orthologues of  the mammalian 
/3-crystallins will be present in lower vertebrates. 
The two sequenced chicken/3-crystallin cDNAs in- 
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deed appear to be orthologous to the bovine /3BI 
and ~/A3/A1 chains (Hejtmancik et al. 1985; Peter- 
son and Piatigorsky 1986). The only sequenced frog 
/3-crystallin eDNA is presumably also the ortho- 
logue of ~A3/A 1 (Luchin et al. 1985). 

The evolutionary distance between the paralo- 
gous fl-crystallins is reflected by the fact that their 
DNA sequences do not cross-hybridize (Lubsen et 
al. 1988). Although this seriously hampered the iso- 
lation and characterization of  all representatives of  
the mammalian fl-crystallin gene family, it actually 
was an advantage in the present study. In this study 
we wanted to assess the presence in lower verte- 
brates of  DNA sequences hybridizing with probes 
for the six different bovine fl-crystallins. This would 
increase our insight into the evolution of the mul- 
tigene/%crystallin family. Such information, again, 
may be helpful in the eventual understanding of  the 
significance of  the enormous variety in lens protein 
composition among vertebrates (De Jong and Hen- 
driks 1986). 

Our approach, to search for sequences that hy- 
bridize with bovine eDNA probes on genomic blots 
of  various vertebrates, actually has certain limita- 
tions. The inability to detect hybridization sequenc- 
es in lower vertebrates does not prove the absence 
of  homologous genes, but may as well reflect that 
sequences have diverged beyond the limits of  de- 
tection. On the other hand, positive hybridization 
signals tell nothing about the actual expression and 
significance of  the corresponding ~-crystallin pro- 
tein in that particular species. Redundant and dis- 
pensable genes may still be recognizable and capable 
of  hybridizing over tens of  million of  years because 
of  the relatively low rate of  unhindered spontaneous 
base substitutions (Ohno 1985). The intensity of  
hybridization bands is in part an indication of  the 
extent of  sequence homology, and thus of  evolu- 
tionary distance, but additional factors seriously in- 
terfere with such an interpretation. Similarly, the 
complexity of  the pattern of  hybridization bands 
suggests the occurrence of more recent duplication 
events. A relatively recent duplication of  the fiB2 
gene has indeed been found in the human genome 
(Aarts et al. 1987). It is assumed to have arisen in 
the primate lineage and it may relate to the com- 
plexity in the chimpanzee lane 2 of  Fig. 1B. 

Despite the limitations of  the method, a number 
of  conclusions can be drawn concerning the distri- 
bution of acidic and basic fl-erystallin sequences in 
the genomes of vertebrates. First of  all the basic 
/%crystallins appear to be more conserved than the 
acidic ones. They display hybridizing bands in more 
species than the acidic probes do. Moreover, all the 
patterns of  the autorad~ograms of  the blots screened 
with the basic crystallilfs differ from each other. The 
different probes hybridize with different homolo- 
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gous  D N A  sequences  in each o f  the  lower  ver tebra te  
species. P r o b a b l y  aU lower  ver tebra tes  possess  con -  
se rved  bas ic  f l-crystal l in sequences  fo r /3B1 ,  /3B2, 
and/3B3.  H o w e v e r ,  l ower  ver tebra tes  do  s h o w  weak-  
er  h y b r i d i z a t i o n  signals t h a n  the  w a r m - b l o o d e d  ver-  
tebrates .  A u t o r a d i o g r a m s  f r o m  h y b r i d i z a t i o n  ex- 
p e r i m e n t s  wi th  acidic  ~-crystal l in  p robe  s h o w e d  less 
c lear  results. I n  all lanes loaded  wi th  D N A  isola ted  
f r o m  w a r m - b l o o d e d  an i m a l s  pos i t ive  h y b r i d i z a t i o n  
signals were  found.  In  c o l d - b l o o d e d  an imals ,  h o w -  
ever ,  on ly  weak  h y b r i d i z a t i o n  signals were  f o u n d  in 
s o m e  species. T h e  h y b r i d i z a t i o n  pa t te rns  differ f r o m  
each  o the r  and  also f r o m  the  pa t te rns  f o u n d  fo r  the  
basic  ~-crysta l l in  probes .  T h e  on ly  species t ha t  does  
n o t  h a v e  any  pos i t ive  h y b r i d i z a t i o n  signal wi th  
p robes  for  the  ac id ic  crystaUins is the  m o n i t o r  l izard. 
I n  the  c lawed  t o a d  o n l y / 3 A 3 / A  1 was  found.  Indeed ,  
in a n o t h e r  a m p h i b i a n  species, the  frog R a n a  tem- 
poraria, a 13A3/A1 c D N A  supposed ly  o r tho logous  
to  the  sequence  f o u n d  in h igher  ver tebra tes ,  was  
s equenced  by  L u c h i n  et al. (1985).  

T h e  weak  h y b r i d i z a t i o n  signals f o u n d  in the low- 
er  ver tebra tes  m a y  be  due  to  the  e v o l u t i o n a r y  dis- 
tance  o f  the  c o l d - b l o o d e d  species f r o m  the cow. A 
faster  ra te  o f  evo lu t i on  o f  the  crystal l in  sequences  
m a y  even  tota l ly  obl i tera te  h y b r i d i z a t i o n  in cer ta in  
species. I t  has  i ndeed  been  s h o w n  tha t  c o n s p i c u o u s  
differences do  exist  in the  rates o f  e v o l u t i o n a r y  
change  o f  the /3-crystallins (Aarts  et al. 1989). A t  
va r i ance  wi th  ou r  results  these au tho r s  found ,  in a 
res t r ic ted  n u m b e r  o f  species, a h igher  c o n s e r v a t i o n  
f o r / 3 A 3 / A 1  c o m p a r e d  to the  bas ic /3-crys ta l l in  se- 
quences .  I f  the absence  o f  hybr id iza t ion  signals w o u l d  
i ndeed  signify the lack o f  par t icu lar /3-crys ta l l ins  in 
cer ta in  taxa,  it w o u l d  be in teres t ing to  see whe the r  
this corre la tes  wi th  an  increase  o f  taxon-speci f ic  
crystal l ins,  as has  been  o b s e r v e d  for  6-crystal l in in 
the  c h i m n e y  swift  (Wis tow et al. 1990). T o  ensure  
tha t  the  sequences  f o u n d  to  be  h o m o l o g o u s  to  bo-  
v ine /3 -c rys t a l l in  are  n o t  jus t  r e m n a n t s  o f  anc ien t  
re la t ives  o f  the p re sen t -day  crystall ins,  bu t  still func-  
t ion ing  a n d  expressed  in m o d e r n  lower  ver tebrates ,  
the  c o r r e s p o n d i n g  crystal l in  c D N A s  shou ld  be iso- 
la ted  a n d  sequenced  f r o m  the  eye lenses o f  these 
lower  ver tebra tes .  
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