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Fig. 4. Local magnetic event observed near Hollister on 18 April 1967 beginning at 
1630 hours. Trace moving upward to the right is the reference magnetometer at 
Franco (Fr); the sharp offset is an automatic range adjustment. The other traces are 
differential magnetometers at the Harris ranch (H), Stone Canyon (SC), and Forsyth 
(Fo) and represent the amount by which the intensity differs from that at Franco. 
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San Andreas fault is not available but 
since the stress change is believed to 
have occurred at depth, a reasonable 
magnetic susceptibility would be that 
of basic rock for which k - 10-3 cgs 
unit. Assume a buried sphere tangent 
to the surface undergoing a stress 
change of 20 bars. The change in sus- 
ceptibility in the direction of the ap- 
plied compressive stress is given by 
the product of the stress change and 
the stress sensitivity of the suscepti- 
bility (Fig. 1): 

-- .02 Ak - 0-0 bars 10-8 x 20 bars 
100 bars 

= -4 X 10-? cgs units (1) 

The observed anomaly at the surface 
from a sphere of radius R of uni- 
form magnetization whose center is at 
a depth d is 

Ak F(4/37r Ra) AF F -- 0.8 gamma 

where R = d and the total intensity 
F at Hollister is 50,000 gammas. 

It has been pointed out by Brace 
and Orange (6) that the electrical re- 
sistivity of rocks is dependent on stress. 
The telluric current field and its small 
associated magnetic field will also be 
dependent on stress. However, it can 
be shown that for a given stress change 
the piezomagnetic effect is at least 
an order of magnitude larger. 
The ultimate source of the stress 
change cannot of course be deter- 
mined without other evidence. The 
source of the observed ferrimagnetic 
effects cannot be deeper than the Curie 
isotherm which is estimated to be 
22 km in this region. The signature of 
the observed piezomagnetic effects ap- 
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pears to follow the logarithmic varia- 
tion of creep behavior of rocks, lend- 
ing support to a mechanism of creep 
or plastic deformation. 

Other interpretations of this evidence 
are perhaps possible, but without posi- 
tive information concerning the distri- 
bution of the strain and stress field at 
depth, we can only speculate. At the 
very least, it does appear that stress 
changes can occur at some depth be- 
fore their effects are expressed at or 
near the surface. 

SHELDON BREINER 

ROBERT L. KOVACH 

Department of Geophysics, 
Stanford University, 
Stanford, California 94305 
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Genetic Background and 

Expressivity of 

Histocompatibility Genes 

Abstract. A difference in the reactiv- 
ity of F1 hybrid female mice to skin 
grafts from male donors of each of their 
parental strains suggests that the ge- 
netic background can influence the effi- 
cacy of the Y antigen to elicit rejection 
of the graft. 

Although it has been shown that the 
genetic background of a mouse influ- 
ences its ability to react against trans- 
plantation and other antigens (1, 2), 
there is as yet no direct evidence that 
genetic factors, other than the specific 
determinants of transplantation anti- 
gens in a donor, can modify the speed 
of homograft rejection by influencing 
the expression of these antigens (3). 
Such an effect could be mediated by 
the ability of non-H (histocompatibili- 
ty) genes to alter the amount of cellu- 
lar antigen produced, the availability 
of the antigen to the hosts' immune 
system, or the vulnerability of the graft 
to immune attack, possibly by influenc- 
ing the sialomucin content of the con- 
nective tissue stroma of the graft (4). 
We now present evidence that non-H 
genes in a skin graft can influence its 
survival time by affecting the expres- 
sion of a specific transplantation anti- 
gen. 

It is now well established that iso- 
grafts of skin and other tissues in 
mice are not always permanently ac- 
cepted when the donor is a male and 
the recipient is a female (5). In this 
circumstance, rejections seem to be at- 
tributable to the association of a his- 
tocompatibility factor with the Y chro- 
mosome. Although females of different 
strains vary considerably in the facility 
with which they react against male iso- 
grafts, there has been no evidence of 
variation in the antigenic specificity of 
the Y factor (6). This interstrain di- 
versity in reactivity is apparently dic- 
tated by the genotype of the female 
recipient which determines her capaci- 
ty to react against male skin (2). How- 
ever, it is conceivable that another fac- 
tor also contributes to this variability, 
namely, a genetically determined dif- 
ference in the expression of the Y 
antigen. There would be evidence in 
support of this premise if it could be 
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Domestically maintained C57BL/ 6 
mice were reciprocally mated with 
CBA animals, producing F1 hybrid 
females with identical genetic consti- 
tutions and males which only differed 
with respect to the origin of their X 
and Y chromosomes, that is, whether 
these chromosomes came from the 
C57BL/6 or CBA parent. In accord- 
ance with the genetic laws of trans- 
plantation, such hybrid females should 
be compatible with all of the codomi- 
nant H genes of both parental strains 
except that associated with the Y 
chromosome. Moreover, if this Y anti- 
gen does have the same specificity in 
both parental strains, F1 hybrid fe- 
males should reject skin grafts from 
C57BL/6, CBA, and F1 hybrid males 
with thie same promptitude, unless their 
different genetic backgrounds can in- 
fluence the expression of this factor. 
Consequently, panels of F1 hybrid fe- 
,males were challenged, respectively, 
with C57BL/6 male grafts, CBA male 
grafts, and F1 hybrid male skin bear- 
ing a C57BL/ 6 or CBA Y chromo- 
some. This procedure, as well as the 
exchange of skin grafts between re- 
ciprocally produced F1 hybrid males, 
was undertaken to provide further evi- 
dence that the Y factor has the same 
specificity in both parental strains (7). 
Finally, male-to-female isografts were 
also carried out with panels of CBA 
and C57BL/6 animals. 

Donors and recipients were at least 
3 months of age at the time of graft- 
ing. Full-thickness disks of nonactive 
trunk skin, about 1 cm in diameter, 
were transplanted to the right side 
of the hosts' chests. The operative 
technique and method of appraisal of 
the well-being of the grafts were pre- 
viously described (8). Median survival 
times of grafts were estimated by 
Litchfield's nomographic method (see 
9). 

The results (Table 1) indicate that 
(i) the penetrance and expressivity of 
the Y factor is much more pronounced 
in C57BL/6 mice than in the CBA 
strain. (ii) In spite of this, the survival 
of C57BL/6 male grafts on F1 hybrid 
females is significantly longer (50 per- 
cent surviving for more than 100 days) 
than that of CBA male grafts on simi- 
lar hosts (these are almost uniformly 
rejected within 50 days). (iii) There 
is no difference in the ability of F. 
hybrid females to react against F1 
hybrid male grafts bearing a C57BL/6 
or CBA Y chromosome (such grafts 
are rejected about as promptly as CBA 
male grafts). (iv) Reciprocal male-to- 
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Table 1. Survival times of skin grafts. Figures in parentheses after recipients represent numbers 
of recipients. MST, median survival time. 

Distribution of graft 
survival time (days) MST S.D. 

Donor Recipient 15- 25- 51- 76- (days) (days) 

24 50 75 >100 

C57 ~ C57 9 (21) 11 9 1 25.6 -- 4.0 1.39 

CBA e CBA 9 (15) 1 1 13 
C57 d F1 9 (28) 2 9 2 1 14 

CBA - F1 9 (30) 18 11 1 24.2 ? 4.2 1.63 

FI(C57Y) g F1 9 (19) 12 5 1 1 24.0 + 5.5 1.65 

F1(CBAY) , F1 9 (18) 11 5 1 1 23.0 ? 3.3 1.30 

F1(CBAY) e F1(C57Y) g (15) 15 

FJ(C57Y) 8 F1(CBAY) , (14) 14 

male F1 hybrid grafts are uniformly 
accepted. 

In that there is a decisive difference 
in the ability of C57/CBA F1 hybrid 
females to react against CBA and 
C57BL/6 male grafts, it appears that 
the genetic background can influence 
the efficacy of the Y antigen to elicit 
graft rejection. The alternate explana- 
tion, namely, that the difference may 
be attributed to different Y-linked al- 
leles, seems unlikely from the evidence 
that reciprocal male hybrid grafts are 
always accepted and that F1 hybrid 
male grafts bearing a C57BL/6 or 
CBA Y chromosome are similarly re- 
jected by F1 females. The ability to 
render C57BL/6 female mice tolerant 
of male isografts by neonatal exposure 
to CBA male cells (7) is also incon- 
sistent with the allele hypothesis. 

The curtailed survival of CBA male 
grafts on hybrid females contrasts with 
their almost uniform acceptance by 
CBA females. In the case of C57BL/6 
male grafts, the opposite is true since 
here the hybrid female displays the 
diminished reactivity. This indicates 
that the more pronounced penetrance 
and expressivity of the Y factor in 
the C57BL/ 6 strain is due to the 
ability of C57BL/ 6 females to mani- 
fest a much stronger response to male 
isografts than CBA females. 

The basis for the discrepancy in the 
expression of the Y factor in CBA and 
C57BL/6 mice remains to be deter- 
mined. However, it is probably related 
to some endocrinological factor be- 
cause skin grafts from males which 
have been castrated at birth, or shortly 
thereafter, enjoy a prolonged survival 
on isologous females (10). This prem- 
ise could be tested by determining the 
survival times of grafts of CBA and 
C57BL/6 skin from neonatally cas- 
trated male donors on F1 hybrid fe- 
males. 

Our results may also relate to Zeiss' 

analysis of third-party unresponsive- 
ness in immunologically tolerant rats 
(11). She found that rats of the AS 
strain, rendered tolerant of strain BS 
transplantation antigens, also displayed 
some unresponsiveness to HS grafts, 
in spite of the fact that (AS X BS) F1 
hosts did not. A similar situation might 
be expected in CBA females made tol- 
erant with C57BL/6 female cells and 
in C57/CBA hybrid females. In the 
former case, CBA male skin is expect- 
ed to be almost uniformly accepted, 
whereas in the latter these same grafts 
are rejected. Bailey's (3) failure to dem- 
onstrate an effect of genotype on the 
expression of the Y antigen can proba- 
bly be attributed to the similarity of 
the four different genetic backgrounds 
investigated-they were all derived 
from the same gene pool. 

WILLYS K. SILVERS 
R. E. BILLINGHAM 

Department of Medical Genetics, 
University of Pennsylvania School of 
Medicine, Philadelphia 19104 
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