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malities of the Y. 

When female mice are sensitized with 
skin grafts or lymphoid cells from males 
of the same inbred strain, they produce 
antibody which identifies a plasma mem- 
brane component called H-Y (histo- 
compatibility-Y) antigen (1). Recently, 
we have shown that the gene governing 
expression of H-Y antigen is widespread 
among vertebrates, occurring in several 
divergent species including man (2). In 
all species so far examined, H-Y antigen 
is associated with the heterogametic 
(XY) sex. H-Y antigen is not present in 
XO female mice but is present in XXY 
male mice (3) and in Tfm mice, that is, 
XY intersexual mice with testicular femi- 
nization (4). These findings support the 
hypothesis that a gene on the Y chromo- 
some is necessary for the expression of 
H-Y antigen and that androgen respon- 
siveness, which is absent in testicular 
feminization, is not required. A structur- 
al or regulatory gene for H-Y antigen ex- 
pression is known to be located on the Y 
chromosome of man; white blood cells 
from human males with two Y chromo- 
somes express more H-Y antigen than 
cells from normal XY males (5). How- 
ever, the exact position of the human 
H-Y gene remains to be determined. 

In view of the possible role of H-Y an- 
tigen in the differentiation of the mam- 
malian testis (6), precise localization of 
the Y-linked H-Y gene may prove cru- 
cially important (i) in the detection of 
virilized gonads in phenotypic females 
and (ii) in understanding the etiology of 
intersexual phenotypes associated with 
structural abnormalities of the Y chro- 

940 

malities of the Y. 

When female mice are sensitized with 
skin grafts or lymphoid cells from males 
of the same inbred strain, they produce 
antibody which identifies a plasma mem- 
brane component called H-Y (histo- 
compatibility-Y) antigen (1). Recently, 
we have shown that the gene governing 
expression of H-Y antigen is widespread 
among vertebrates, occurring in several 
divergent species including man (2). In 
all species so far examined, H-Y antigen 
is associated with the heterogametic 
(XY) sex. H-Y antigen is not present in 
XO female mice but is present in XXY 
male mice (3) and in Tfm mice, that is, 
XY intersexual mice with testicular femi- 
nization (4). These findings support the 
hypothesis that a gene on the Y chromo- 
some is necessary for the expression of 
H-Y antigen and that androgen respon- 
siveness, which is absent in testicular 
feminization, is not required. A structur- 
al or regulatory gene for H-Y antigen ex- 
pression is known to be located on the Y 
chromosome of man; white blood cells 
from human males with two Y chromo- 
somes express more H-Y antigen than 
cells from normal XY males (5). How- 
ever, the exact position of the human 
H-Y gene remains to be determined. 

In view of the possible role of H-Y an- 
tigen in the differentiation of the mam- 
malian testis (6), precise localization of 
the Y-linked H-Y gene may prove cru- 
cially important (i) in the detection of 
virilized gonads in phenotypic females 
and (ii) in understanding the etiology of 
intersexual phenotypes associated with 
structural abnormalities of the Y chro- 

940 

10. G. Tshitenge, N. Luyindula, P. F. Lurquin, L. 
Ledoux, ibid. 414, 347 (1975); W. D. Sutton, 
ibid. 366, 1 (1974); W. Zurkowski and Z. Lor- 
kiewicz, J. Bacteriol. 128, 481 (1976). 

11. D. Perlman and R. H. Rownd, J. Bacteriol. 123, 
1013 (1975). 

12. P. E. Bishop, J. G. Guevara, J. A. Engelke, J. J. 
Evans, Plant Physiol. 57, 542 (1976). 

13. V. K. Shah, L. C. Davis, J. K. Gordon, W. H. 
Orme-Johnson, W. J. Brill, Biochim. Biophys. 
Acta 292, 246 (1973). 

14. G. W. Strandberg and P. W. Wilson, Can. J. Mi- 
crobiol. 14, 25 (1977). 

15. Supported by the College of Agricultural and 
Life Sciences, University of Wisconsin, Madi- 
son, by the Rockefeller Foundation, and by the 
National Science Foundation (PCM76-24271 
and AER 7700879). We thank Dr. R. H. Rownd 
for the use of the Beckman model E ultracentri- 
fuge. 

* Present address: Department of Microbiology, 
North Carolina State University, Raleigh 27607. 

t Address correspondence to W.J.B. 

11 July 1977; revised 24 August 1977 

10. G. Tshitenge, N. Luyindula, P. F. Lurquin, L. 
Ledoux, ibid. 414, 347 (1975); W. D. Sutton, 
ibid. 366, 1 (1974); W. Zurkowski and Z. Lor- 
kiewicz, J. Bacteriol. 128, 481 (1976). 

11. D. Perlman and R. H. Rownd, J. Bacteriol. 123, 
1013 (1975). 

12. P. E. Bishop, J. G. Guevara, J. A. Engelke, J. J. 
Evans, Plant Physiol. 57, 542 (1976). 

13. V. K. Shah, L. C. Davis, J. K. Gordon, W. H. 
Orme-Johnson, W. J. Brill, Biochim. Biophys. 
Acta 292, 246 (1973). 

14. G. W. Strandberg and P. W. Wilson, Can. J. Mi- 
crobiol. 14, 25 (1977). 

15. Supported by the College of Agricultural and 
Life Sciences, University of Wisconsin, Madi- 
son, by the Rockefeller Foundation, and by the 
National Science Foundation (PCM76-24271 
and AER 7700879). We thank Dr. R. H. Rownd 
for the use of the Beckman model E ultracentri- 
fuge. 

* Present address: Department of Microbiology, 
North Carolina State University, Raleigh 27607. 

t Address correspondence to W.J.B. 

11 July 1977; revised 24 August 1977 

mosome. Therefore as a first step in lo- 
calizing the H-Y gene, we have studied 
H-Y antigen expression in patients ex- 
hibiting deletions or other structural 
modifications of the Y. A note on the 
findings in a few of these patients has 
been published (7). 

Serological detection of H-Y antigen 
was based on the ability of white blood 
cells (WBC) to absorb H-Y antibody. 
H-Y antiserums were collected from in- 
bred female mice that had been sensi- 
tized with serial inoculations of male 
spleen cells. Before reaction with mouse 
sperm, H-Y antiserms were pooled and 
subdivided, and portions were absorbed 
with WBC from normal human males 
(46,XY), normal human females 
(46,XX), and patients (for example, 
male, 46,XYq-). Positive absorption (in- 
dicating the presence of H-Y antigen on 
the absorbing WBC) was manifested as a 
decrease in the reaction of H-Y anti- 
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Fig. 1. The sex chromosomes from two cells 
of case 8. Those on the left were photo- 
graphed first to show quinacrine banding (Q) 
and then to show C banding (C). Those on the 
right were photographed first to show Q band- 
ing and then to show silver-staining (Ag-AS). 
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serums with target sperm. Thus WBC 
from human males (H-Y+) specifically 
absorbed (bound) H-Y antibodies from 
H-Y antiserums and thereby decreased 
the ability of these serums to react with 
mouse sperm in both the sperm cyto- 
toxicity test (5) and the mixed hemad- 
sorption hybrid antibody test (8). 

Of the 17 individuals tested, 15 were 
H-Y antigen positive (Table 1). The cor- 
relations of H-Y antigen expression with 
karyotype, sexual phenotype, and ap- 
pearance of the gonads are summarized 
in Table 1. 

The H-Y locus is not on the intensely 
quinacrine fluorescent distal region of 
the Y chromosome. H-Y antigen was 
present in cases 1 to 4 and 9 to 16 despite 
the absence of this region in all 12 of 
these cases. Case 1 had a deletion of ap- 
proximately the distal half of the Y, in- 
cluding almost all of the quinacrine- 
bright and 5-methylcytosine-rich materi- 
als. Cases 2 to 4 had Y-derived chromo- 
somes of average size and typical mor- 
phology, but in each case the distal por- 
tion failed to show intense fluorescence 
after quinacrine staining, and no portion 
of the Y showed the intense binding of 
antiserum to 5-methylcytosine that is 
characteristic of normal Y chromosomes 
(9). On the other hand, in case 5 the quin- 
acrine-bright portion of the Y was pres- 
ent, but the absence of H-Y antigen con- 
firmed the exclusion of this region as the 
locus of the H-Y gene. 

Evidence that the H-Y locus may be 
on the short arm of the Y chromosome 
was provided by several cases. In the 
first of these, case 5, the abnormal Y 
chromosome was symmetrical and had 
the characteristics of an isochromosome 
of the long arm of the Y (10); that is, only 
the short arm was absent. Since H-Y an- 
tigen was also absent from this female, 
who had Turner syndrome and streak go- 
nads, the H-Y locus must have been on 
the short arm of the Y. Case 6 also had 
Turner syndrome (although the gonads 
were not examined) and was H-Y anti- 
gen-positive with no evidence of the in- 
creased amount of antigen seen in indi- 
viduals with two Y chromosomes (5). 
This patient, a female, had a slightly 
asymmetrical Y chromosome with dupli- 
cated long arms, which was not an iso- 
chromosome because there was addi- 
tional material on one arm forming a 
quinacrine-dull band adjacent to the cen- 
tromere. The simplest explanation for 
these results is that the extra band repre- 
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tromere. The simplest explanation for 
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Y and that it contains the H-Y locus. 

The location of the H-Y locus on the 
short arm of the Y is also indicated in 
case 7. This male had testes and was 
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H-Y antigen-positive despite the pres- 
ence of only 45 chromosomes, including 
a single X, in each cell. However, in two- 
thirds of his cells one of the chromo- 
somes 22 had an additional band, as was 
evident by Q- or G-banding methods. 
These findings suggest that part or all of 
the short arm of the Y, including the H- Y 
locus, had been translocated to the distal 
end of one chromosome 22. If the trans- 
located segment had come from the long 
arm of the Y, at least two breaks would 
have been required to free it from the 
rest of the Y chromosome. 

In case 8, the H-Y locus could not 
have been on the short arm of the Y. 
This patient had a Y-to-X translocation 
in which almost the entire long arm of 
the Y appeared to have been trans- 
located to the long arm of an X chromo- 
some. One arm of the translocation 
chromosome was made up of the short 
arm of the X. The centromere was also 
derived from the X as shown by the pres- 
ence of C banding in the centromeric re- 
gion (Fig. 1), and the quinacrine banding 
pattern was compatible with an X 
chromosome origin of a small segment 
adjacent to the centromere opposite the 
short arm. Silver staining, which, in con- 
trast to the C banding, labels the centro- 
meric region of the Y chromosome, did 
not reveal a Y-derived centromeric re- 
gion (Fig. 1). Therefore, the abnormal 
chromosome appeared to contain the en- 
tire long arm of the Y but no short arm 
material. Nevertheless, H-Y antigen was 
present, indicating that the H- Y gene was 
located on the long arm of the Y chromo- 
some in this case. 

A series of patients was studied who 
had, in addition to a 45,X complement, a 
minute metacentric chromosome (cases 
9 and 10) or a dotlike or obvious ring 
chromosome (cases 11 to 17). Eight of 
these patients (cases 9 to 16) were H-Y 
antigen positive, and the minute meta- 
centric or ring chromosomes are there- 
fore thought to have been derived from a 
Y chromosome. In one individual (case 
17), H-Y antigen could not be detected, 
and it is uncertain whether the ring 
chromosome arose from an X or a Y 
chromosome. 

In our study of H-Y mapping assign- 
ments, 15 individuals who lacked a nor- 
mal Y chromosome but had an abnormal 
chromosome-presumably containing Y 
chromosome material-were H-Y anti- 
gen positive, while one individual with 
an abnormal chromosome clearly de- 
rived from a Y had no H-Y antigen. The 
presumptive breakpoints in the Y chro- 
mosome represented by these cases are 
shown in Fig. 2, which also shows the 
tentative location(s) of the H-Y locus 
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Fig. 2. Cytogenetic map of the human Y 
chromosome. The approximate position of 
the cytological breakpoints (b.p.) in the 17 
cases are indicated by lines to the right of the 
chromosome map. The position of the centro- 
mere, the 5-methylcytosine-rich (S5MeC-rich) 
region and the quinacrine-bright (Q-bright) re- 
gion on the chromosome are shown. The ap- 
proximate position of the H-Y locus on the 
short arm, as inferred from the presence or 
absence of H-Y antigen in most of the 17 cas- 
es, is indicated. The approximate location of 
the H-Y locus on the long arm, as inferred 
from the presence of H-Y antigen in case 8, is 
also indicated. 

close to the centromere on either the short 
arm or the long arm of the Y. 

Of the 17 cases included in this study, 
12 had a 45,X cell line in addition to the 
line with the abnormal Y chromosome 
(Table 1). An intersexual or female 
phenotype (with streak gonads) was seen 
in 9 of the 12, and 8 of these were H-Y 
antigen positive. The discrepancy be- 

tween the H-Y antigenic status and the 
phenotype of these 9 individuals is pre- 
sumably due to the presence of the 45,X 
cell line, a point which has been dis- 
cussed (11). These cases are useful in 
mapping the H-Y locus. 

Two informative cases, numbers 5 and 
8, gave contradictory results. Case 5 had 
an isochromosome of the long arm of the 
Y. This chromosome was symmetrical 
and had a functioning centromere. It 
must therefore have contained the entire 
long arm of the Y. The absence of H-Y 
antigen in this case is most easily ex- 
plained by postulating that the H-Y locus 
is on the short arm of the Y, which is ab- 
sent from the isochromosome. This loca- 
tion is compatible with the results ob- 
tained in all the other cases, with one 
striking exception, case 8. 

In case 8, H-Y antigen was present de- 
spite the apparent absence of the short 
arm of the Y chromosome. The abnor- 
mal chromosome contained the short 
arm, centromeric heterochromatin (C 
band) region, and probably the proxi- 
mal part of the long arm of the X, sug- 
gesting that its centromere was derived 
from the X. The centromere of the Y 
chromosome was probably not present 
because only one centromeric region, 
that derived from the X, was silver- 
stained, and there was no other sign of a 
second centromere such as a con- 
striction. It is therefore likely that only 
the long arm of the Y chromosome was 
present in this chromosome, which can 
be designated der(X)t(X;Y)(Xpter-> 
Xql::Yqll 1--Y qter). No chromosome re- 
sembling the reciprocal translocation 
product was present. We must therefore 
conclude that the short arm of the Y was 

Table 1. Karyotype, expression of H-Y antigen, sex appearance of gonads in individuals with an 
abnormal Y chromosome. 

Case Karyotype* H-Y Sex Gonads 
No. antigen 

1 46,X,Yq- + Male, Testes 
2 45,X/46,X,der(Y)t(Y;?) + Male, first-degree hypospadias Testes 
3 45,X/46,X,der(Y)t(Y;?) + Intersex Undifferentiated 
4 45,X/46,X,der(Y)t(Y;?) + Female Streaks 
5 46,X,i(Yq) - Female Turner Streaks 
6 46,X,dup(Yq) + Female Turner ? 
7 45,X/45,X,der(22)t(22;Y) + Male Testes 
8 46,X,der(X)t(X;Y) + Female ? 
9 45,X/46,X,Yq- + Male, fourth-degree hypospadias Testes 

10 45,X/46,X,Y minute + Female Turner ? 
11 46,X,r(Y) + Male Testes 
12 45,X/46,X,r(Y) + Male Testis, right, ? left 
13 45,X/46,X,r(Y) + Intersex ? 
14 45,X/46,X,r(Y) + Intersex Abdominal testes 
15 45,X/46,X,r(Y) + Female Turner ? 
16 45,X/46,X,r(Y) + Female Turner ? 
17 45,X/46,X,r(X or Y) - Female Turner ? 

*Symbols:Yq-, deletion of long arm (q) of Y chromosome; 45,X/46,X, and the like, mosaic karyotypes: one 
cell line having 45 chromosomes including the X, another having 46 chromosomes including the X and .. ; 
der(Y)t(Y;?), derivative of Y translocation involving Y and unknown chromosome; i(Yq), isochromosome of 
long arm of Y chromosome; dup(Yq), duplication involving Yq; (22), autosome 22; and r(Y), ring chromo- 
some (of Y-chromosomal origin). 
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absent, and that the H-Y locus in this case 
must have been on the long arm of the Y 
chromosome. This location, if near the 
centromere, is compatible with the re- 
sults obtained in most of the other cases 
studied, with the exception of case 5 and 
(probably) case 7. 

These discrepancies need to be recon- 
ciled. Perhaps a pericentric inversion of 
the Y chromosome altered the position 
of the locus in either cases 5 and 7 or in 
case 8. The Y chromosome in man, as in 
most animals, does not show the same 
type of meiotic pairing with the X, in- 
volving chiasma formation and crossing- 
over, as do the autosomes with their 
homologs (12). Therefore, inversions in- 
volving the Y chromosome need have 
little, if any, effect on fertility unless a 
breakpoint falls within the H-Y locus, 
and a population of individuals could 
contain a variety of Y chromosomes with 
the position of the H-Y locus different in 
each one. In this regard, it is interesting 
that in each of our cases with an abnor- 
mal Y chromosome the findings indicate 
a locus relatively close to the centromere 
despite discrepancies regarding which 
arm it is on. 

Our finding can be explained by a 
simple mechanism: the existence of two 
regions highly susceptible to breakage, 
one in each arm of the Y chromosome, 
distal to the H-Y locus. Rejoining of the 
broken ends could produce either an in- 
version or a ring chromosome. The in- 
version would have no phenotypic effect 
unless there was a position effect due to 
transfer of a gene from a euchromatic 
region to a heterochromatic one (13). 
Whether the H- Y gene is more common- 
ly located in the long arm or the short 
arm can be determined only by further 
study. 

We have proposed that H-Y antigen is 
the product of the primary male-deter- 
mining gene in mammals (14). According 
to this hypothesis, male differentiation of 
the initially indifferent embryonic gonad 
occurs in the presence of H-Y antigen 
and female differentiation occurs in its 
absence. Localization of the H- Y gene to 
a region on the short arm of the human Y 
is consistent with this hypothesis be- 
cause the male determining gene or 
genes has been assigned to this region on 
the basis of findings in a number of cases 
(15). However, some cases are known in 
which a long arm location of male deter- 
mining genes seems likely. For example, 
Siebers et al. (16) found a female pheno- 
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unless there was a position effect due to 
transfer of a gene from a euchromatic 
region to a heterochromatic one (13). 
Whether the H- Y gene is more common- 
ly located in the long arm or the short 
arm can be determined only by further 
study. 

We have proposed that H-Y antigen is 
the product of the primary male-deter- 
mining gene in mammals (14). According 
to this hypothesis, male differentiation of 
the initially indifferent embryonic gonad 
occurs in the presence of H-Y antigen 
and female differentiation occurs in its 
absence. Localization of the H- Y gene to 
a region on the short arm of the human Y 
is consistent with this hypothesis be- 
cause the male determining gene or 
genes has been assigned to this region on 
the basis of findings in a number of cases 
(15). However, some cases are known in 
which a long arm location of male deter- 
mining genes seems likely. For example, 
Siebers et al. (16) found a female pheno- 
type and streak gonads in a patient with a 
presumptive 45,X,i(Yp) karyotype. The 
minute metacentric chromosome was 
said to have identical banding on the two 
arms and was thus interpreted as an 
isochromosome of the short arm of the 
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Y. There is insufficient evidence at this 
time to rule out a long arm location of the 
H-Y locus in some individuals or even to 
hazard a guess at the proportion of hu- 
man Y chromosomes with an H-Y gene 
at a given location. 
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Plant Crops as a Source of Fuel and Hydrocarbon-Like Materials 

Abstract. Chemical analyses have been made of a number of plant species in order 
to assess their suitability as renewable sources of hydrocarbon-like photosynthetic 
products. Yields of rubber and wax, glycerides, isoprenoids, and other terpenoids 
were estimated. Individual sterols were identified in latex from some species. 
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It has been suggested (1) that certain 
plants rich in polyisophrenes and other 
hydrocarbon-like materials might be cul- 
tivated and grown as renewable sources 
of highly reduced photosynthetic prod- 
ucts. Two distinctly different agricultural 
methods can be applied in approaching 
this problem. Either we can harvest 
whole plants as suggested in a biomass 
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plantation (2) or we can tap latex-con- 
taining plants as is done in the produc- 
tion of natural rubber (Hevea brasi- 
liensis). 

In order to evaluate the prospects of 
this idea, we have started a program of 
chemical analysis of both whole plant ex- 
tracts (Table 1) and of plant latex (Table 
2) (3). As can be seen from Table 1, as 
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