
phin to different cell lines is sum- 
marized in Table 2. Some cell lines do 
not bind the peptide while other cells 
only exhibit the low-affinity sites [con- 
centration producing 50 percent inhibi- 
tion (ICso) between 100 and 1000 nM]. 
Only transformed lymphocytes appear to 
have both high-affinity (apparent Kd, 3 
nM) and low-affinity (IC50 = 100 nM) 
sites. The high-affinity sites can be de- 
stroyed by digestion with trypsin but are 
resistant to digestion by phospholipase 
A2 (data not shown). 

Studies of the interaction of iodinated 
/3-endorphin with putative opiate recep- 
tors in the brain demonstrate that the 
binding is inhibited by very low concen- 
trations of enkephalin analogs as well as 
by opiate agonists and antagonists; this 
indicates that /3-endorphin can bind well 
to opiate receptors (11). However, the 
nature of the binding interaction is dif- 
ferent from that of enkephalins, since 
various cations affect the binding of /3- 
endorphin and enkephalins markedly dif- 
ferently (11). In the present studies /3- 
endorphin binding is not blocked by opi- 
ates or enkephalins, which strongly sug- 
gests that the /3-endorphin binding sites 
in cultured lymphocytes and in the cell 
lines exhibiting only the low-affinity sites 
(Table 2 and data not shown) are quite 
different from the opiate receptors pres- 
ent in the brain. 

/3-Endorphin, but not enkephalins, is 
found mainly in the pituitary gland (16) 
and has a broad range of pharmacolog- 
ical activities. The presence of /3-endor- 
phin in serum, the increases induced by 
stress (6), and the existence of specific 
receptors that do not have the character- 
istics of opiate receptors suggest that /3- 
endorphin may mediate some central and 
peripheral physiological functions by 
mechanisms distinct from those associat- 
ed with traditional opiate receptors. It 
will be important to examine other tis- 
sues for /3-endorphin receptors, and to 
identify possible pharmacological and 
physiological effects that are not sup- 
pressed by opiate antagonists. 
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Sparkes et al. (1) reported on a child 
with an interstitial deletion of chromo- 
some 13 and retinoblastoma. They re- 
ported the child's karyotype as 46,XX, 
del(13)(ql4q22) and suggested that the 
abnormal chromosome was derived from 
the mother's normal chromosome 13. 
The maternal homolog was reported 
to carry a simple paracentric inver- 
sion with break points in bands q12 
and q22. Sparkes et al. hypothesized that 
the derived chromosome present in the 
daughter may have resulted from the for- 
mation of two breaks followed by reheal- 
ing in a prophase I inversion loop. 

I suggest that the mother may instead 
have an inverted insertion with a kary- 
otype of 46,XX,inv ins(13)(pter-->ql2; 
:q22--q 14::q 12-->q14::q22->qter). The in- 
verted insertion chromosome would 
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appear indistinguishable from the inver- 
sion suggested by Sparkes et al. when 
stained by the G and Q banding tech- 
niques that these workers used (Fig. 1). 

Such a chromosome, when paired with 
its normal homolog, would form a double 
loop during prophase I similar to the 
loops resulting from overlapping in- 
versions in Drosophila (2). A single 
crossover within the noninverted inter- 
stitial segment would then produce a 
chromosome with an interstitial deletion 
of the type found in the child (Fig. 2A). 

It is generally recognized that in hu- 
mans inverted insertions will also pro- 
duce duplication and deletion chromo- 
somes by crossing over. Palmer et al. (3) 
studied a proband with a duplicated seg- 
ment of chromosome 1. Her father car- 
ried an inverted insertion of that chromo- 
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Fig. 1 (left). Chromosome 13. (A) Normal 13. 
(B) Inversion of bands q12 to q22. (C) In- 
verted insertion with break points at q12, q14, 
and q22. Fig. 2 (right). Pachytene in- 
version loops. Two of four strands are shown. 
(A) An inverted insertion. A single crossover 
within the inserted portion will produce de- 
leted and duplication products. (B) Inversion 
loop from a paracentric inversion drawn in 
three-dimensional perspective. 

A B C 
Fig. 1 (left). Chromosome 13. (A) Normal 13. 
(B) Inversion of bands q12 to q22. (C) In- 
verted insertion with break points at q12, q14, 
and q22. Fig. 2 (right). Pachytene in- 
version loops. Two of four strands are shown. 
(A) An inverted insertion. A single crossover 
within the inserted portion will produce de- 
leted and duplication products. (B) Inversion 
loop from a paracentric inversion drawn in 
three-dimensional perspective. 

A 

E 

D 

i B 

c 

D 

E 

F 

A 

E 

D 

i B 

c 

D 

E 

F 

A 
B 
A 
B 

A A 
B E 

C D 
D C 
E B 

F F 

A A 
B E 

C D 
D C 
E B 

F F 

0036-8075/79/0907-1035$00.50/0 Copyright ? 1979 AAAS 0036-8075/79/0907-1035$00.50/0 Copyright ? 1979 AAAS 

Chromosome 13 Long Arm Interstitial Deletion 

May Result from Maternal Inverted Insertion 

Chromosome 13 Long Arm Interstitial Deletion 

May Result from Maternal Inverted Insertion 

12/22 A A 

B E 

21 C D 
D B f 

14/12 
E 
I 

13 F F 

14/22 
31 
32 
33 
34 

12/22 A A 

B E 

21 C D 
D B f 

14/12 
E 
I 

13 F F 

14/22 
31 
32 
33 
34 

1035 1035 

I I 

0 0 



some. The proband's abnormal chromo- 
some 1 was therefore somewhat similar 
to the duplication chromosome shown in 
Fig. 2A. 

The inverted insertion hypothesis is 
somewhat more parsimonious than the 
hypotheses advanced by Sparkes et al. 
While three breaks would be required to 
produce an inverted inversion as op- 
posed to two for a paracentric inversion, 
two additional breaks would be required 
to produce the deleted chromosome 
from the chromosomes in an inversion 
loop (their figure 2, B and C). In addi- 
tion, it is unlikely that the deleted 
chromosome was produced by the mech- 
anism proposed by Sparkes et al. in their 
figure 2C. That figure shows two breaks 
occurring in the loop at the point where 
the "inner" chromosome folds back 
over itself. In the most probable three- 
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dimensional pachytene configuration of 
an inversion loop (Fig. 2B), that point 
does not exist (4). It may be only an arti- 
fact produced when the loop is rendered 
in two dimensions. 

STANTON F. HOEGERMAN 

Department of Biology, College of 
William and Mary in Virginia, 
Williamsburg 23185 

References and Notes 

1. R. S. Sparkes, H. Muller, I. Klisak, J. A. 
Abram, Science 203, 1027 (1979). 

2. Th. Dobzhansky, Genetics of the Evolutionary 
Process (Columbia Univ. Press, New York, 
1970), pp. 129-131. 

3. C. G. Palmer, J. C. Christian, A. D. Merritt, 
Am. J. Hum. Genet. 29, 371 (1977). 

4. Of 15 surveyed genetics and cytogenetics texts, 
only Dobzhansky (2) shows inversion loops in 
three-dimensional perspective. J. Sybenga 
[Meiotic Configurations (Springer-Verlag, New 
York, 1975), p. 63] differentiates between dia- 
grammatic representation and microscopic ap- 
pearance of inversion loops. 

4 April 1979 

dimensional pachytene configuration of 
an inversion loop (Fig. 2B), that point 
does not exist (4). It may be only an arti- 
fact produced when the loop is rendered 
in two dimensions. 

STANTON F. HOEGERMAN 

Department of Biology, College of 
William and Mary in Virginia, 
Williamsburg 23185 

References and Notes 

1. R. S. Sparkes, H. Muller, I. Klisak, J. A. 
Abram, Science 203, 1027 (1979). 

2. Th. Dobzhansky, Genetics of the Evolutionary 
Process (Columbia Univ. Press, New York, 
1970), pp. 129-131. 

3. C. G. Palmer, J. C. Christian, A. D. Merritt, 
Am. J. Hum. Genet. 29, 371 (1977). 

4. Of 15 surveyed genetics and cytogenetics texts, 
only Dobzhansky (2) shows inversion loops in 
three-dimensional perspective. J. Sybenga 
[Meiotic Configurations (Springer-Verlag, New 
York, 1975), p. 63] differentiates between dia- 
grammatic representation and microscopic ap- 
pearance of inversion loops. 

4 April 1979 

Protein and Nucleic Acid Sequence Data and Phylogeny Protein and Nucleic Acid Sequence Data and Phylogeny 

Having examined the data and meth- 
odology on which Schwartz and Day- 
hoffs (1) proposals on the phylogeny of 
pro- and eukaryotes are based, I find the 
credibility of their conclusions some- 
what limited. 

Schwartz and Dayhoff present three 
evolutionary trees based on, respective- 
ly, ferredoxins, 5S ribosomal RNA 
(rRNA), and c-type cytochromes se- 
quences. They then combine data from 
the three individual trees into a com- 
posite tree. 

The major objection to phylogenetic 
conclusions drawn from the ferredoxin 
and cytochrome trees is that they are 
based on a set of probably homologous 
but certainly not entirely orthologous 
proteins. Schwartz and Dayhoff rec- 
ognize this for the Chlorobium ferredox- 
ins and Pseudomonas cytochromes; 
but they do not allow the fact that while 
some microorganisms, such as Chloro- 
bium limicola, possess two closely re- 
lated ferredoxins, others possess very 
different ones; for example, both 8Fe-8S 
and 4Fe-4S occur in Rhodospirillum, and 
8Fe-8S and 2Fe-2S occur in Azotobacter 
(2). Schwartz and Dayhoffs ferredoxin 
tree may thus represent a gene phylog- 
eny without significance in the inter- 
relationship of organisms. 

Similarly, with the cytochrome tree 
one cannot draw conclusions from the 
finding that blue-green algal and chloro- 
plast cytochrome c6 stand on a different 
section of the tree from the mitochon- 
drial cytochrome c and the cytochrome 
c2 of purple nonsulfur bacteria. 
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The differences in properties and se- 
quences between c6 and c2 cytochromes, 
and the finding that prokaryotes may 
possess several c-type cytochromes 
[such as the c551, C5 as partially illustrated 
in figure 5 of (1)] are first indications that 
c6 cytochromes may not be orthologous 
with c2. This possibility becomes a quasi 
certitude when one considers that c6 is 
only one among three soluble c-type 
cytochromes of blue-green algae (3). Of 
those, the most likely candidate for or- 
thology with c-c2 is the not yet se- 
quenced cytochrome c5~52, which has a 
basic isoelectric point and an a band at a 
lower wavelength than c554 (c6). 

The importance of using only ortho- 
logous genes when one wants to infer 
evolutionary relationships between orga- 
nisms has been emphasized (4). Who 
would consider seriously a phylogeny of 
vertebrates drawn from a comparison of 
myoglobin of some species and hemoglo- 
bin from others? The species for which 
myoglobin is used will cluster together 
far away from related species for which 
hemoglobin is selected (5). Similarly, 
given the doubts on the orthology of 
those cytochromes, a comparison based 
on the use of cytochrome c6 to represent 
blue-green algae and chloroplasts, and 
cytochromes c2 and c for purple non- 
sulfur bacteria and mitochondria, should 
not be used to demonstrate a separate 
symbiotic origin of eukaryotic organ- 
elles. 

From their cytochrome tree Schwartz 
and Dayhoff concluded that since sepa- 
rate branches leading to the two blue- 
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green algae intermix with eukaryotic al- 
gae, chloroplasts must have a poly- 
phyletic origin. This appears to be anoth- 
er hasty conclusion. 

The main problem here is the reliabil- 
ity of evolutionary reconstructions based 
on sequence data. The model in (1) is 
likely to give a false impression of the re- 
liability of the matrix method used. It 
does indeed show that for distant se- 
quences, the matrix method is more ac- 
curate than the ancestral sequence meth- 
od, but how accurate it is when applied 
to real data cannot be inferred. There is 
still no absolute way to define the accu- 
racy of such techniques and even if one 
succeeds in finding the most parsi- 
monious tree for a set of sequences (6), 
this only represents a probabilistic esti- 
mate of evolutionary history for which 
the confidence limit is unknown. 

In the approaches used until now, that 
confidence limit can only be estimated if, 
in a model of the type used to compare 
the relative accuracy of different tech- 
niques, the data are closely comparable 
to those under study (7). But the Dayhoff 
model does not fit many of the data 
treated, especially the c6 cytochromes. 
The reason is that the model deals with 
two clear-cut pairs of sequences: a mem- 
ber of each pair has a distance, measured 
along the tree, of 3 L with any member of 
the other pair, whereas the distance be- 
tween members of the same pair is only 2 
L. In other words, the distance between 
the two nodes of the network is equal to 
the distances from the tips to the closest 
node. In such a situation, it is logical that 
the dendrogram derived from the com- 
parison of extant sequences gives an in- 
correct representation (erroneous clado- 
gram) of phylogenetic relationship only 
in extreme cases; that is, either when an 
exceptional number of convergent muta- 
tions occurred or, as illustrated by 
Schwartz and Dayhoff, when the dis- 
tance between the sequences is such 
(high value of L) that the residues of phy- 
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ber that they are overshadowed by ran- 
dom similarities. 

With the c6 cytochromes, however, 
the extant sequences are more or less 
equally distant one from another (they 
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which probably implies short internodal 
distances in comparison to the distances 
from the tips to the closest node. This is 
exactly what appears in the Schwartz 
and Dayhoff tree where, with the ex- 
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equally distant one from another (they 
are mostly 42 to 56 percent similar), 
which probably implies short internodal 
distances in comparison to the distances 
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exactly what appears in the Schwartz 
and Dayhoff tree where, with the ex- 
ception of the Porphyra-Alaria pair, the 
distances from the tips to the closest 
node are about two to six times greater 
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