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Fig. 2. Relative accumulation of carbon
dioxide in the stem of Mertensia ciliata in
the dark and light, as measured for 15
minutes. Zero, ambient carbon dioxide
concentration (0.585 mg per liter).

dark by increasing the temperature of
the root environment while holding
stem temperature constant at 20°C. In
the dark, the flux showed a straight-
line relation with root temperature from
3.8 pg per minute at 19°C to 10.6
g per minute at 38°C. Lowering the
root temperature decreased the flux.
These data indicate that a fair propor-
tion of the carbon dioxide flux in a
mature plant is coming from the roots
or rthizomes, or both. To determine
this proportion in a mature plant of
Mertensia, the plant was sealed in the
chamber (Fig. 1), and the flux through
the intact stem was measured in the
dark at 18°C as 6.2 ug per minute
at a flow-rate of 0.2 liter per minute.
The stem was then cut near the base
and connected directly to the input
air line, and the joint was sealed with
silicone rubber. The flux originating in
the stem proper was measured as 2.8
pg per minute. Input and output air
lines were then.connected to the stump
and sealed, and flux measurements were
made under the same conditions. The
flux from the stump (therefore from
the roots) was 3.4 ug per minute.
These two figures add up to 6.2 pg
per minute, the flux through the intact
plant at the start. In this experiment,
the root system contributed 55 percent
of the flux, whereas the shoot contribut-
ed 45 percent, The proportions of the
internal carbon dioxide flux undoubted-~
ly vary with age of plant, tempera-
tures, partial pressure of ambient car-
bon dioxide, and soil aeration.

During early growth conditions after
snowmelt at high altitudes, stems of
wet-meadow plants may be 1 or 2 dm
high before leaf expansion. At this
time, respiration rates are very high,
and external photosynthesis is very low
(6). Under these circumstances, most
of the plant’s photosynthesis is probably
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within the stem where the partial pres-
sure of CO, is considerably above
ambient and where temperatures are
more favorable for photosynthesis. To
measure internal stem temperatures un-
der field conditions, a hypodermic-
needle thermistor probe was inserted
in the hollow stem of a young plant
of Delphinium barbeyi emerging from
a snowbank at 3100 m. For several
days and nights, these internal tempera-
tures were compared with those of the
external air as measured by a shielded
thermistor. In full sunlight, internal
stem temperatures between 10 a.m.
and 3 p.m. ranged from 30° to 37°C,
while ambient air temperatures ranged
from 13° to 16°C. When the shadow of
a tree crossed the plant, the internal
temperature dropped to that of the
ambient air; at night, both temperatures
dropped to freezing. In the laboratory,
uptake of carbon dioxide within the
stem decreased when the temperature
of the air passing either through the
stem or through the chamber was low-
ered. Since our field results indicate
relatively high internal temperatures and
an internal atmosphere rich in carbon
dioxide, hollow stems apparently pro-
vide a favorable environment, similar
to that of a greenhouse, for photo-
synthesis under low ambient tempera-
tures and the low partial pressures of
carbon dioxide at high altitudes.

The hollow stem has a structural

advantage in rapidly growing plants

of cold, high-altitude, wet meadows
where the growing season is short. Ap-
parently, it also has a physiological
advantage in that some of the respira-
tory carbon dioxide may be used in
photosynthesis within the stem, thus
making more efficient use of carbon
dioxide at high altitudes where the
partial pressure of ambient carbon di-
oxide is relatively low (5). During early
stages of growth after release from
snow cover, root and stem respiration
rates are relatively high even at low
ambient temperatures. Under these con-
ditions, internal stem photosynthesis
may be the major photosynthetic sys-
tem of the plant until the leaves are
fully expanded and the weather be-
comes warm.

W. D. BILLINGS

P. J. GODFREY
Department of Botany, Duke
University, Durham, North Carolina
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Autosomal Linkage between the
Albumin and G¢ Loci in Humans

Abstract. Naskapi and Montagnais
families segregating for albumin Nas-
kapi give evidence for close linkage
of the Gc and albumin loci with a
high probability. One possible case of
crossover is included in the data.

We have recently reported a “new”
variant of serum albumin that occurs
in North American Indians (7). This
protein, which has been called albumin
Naskapi, is inherited as a simple auto-
somal trait, and its presence is deter-
mined by the gene A/¥¢ that appears
to be allelic with the gene AIl4 that
determines the presence of the common
albumin - (albumin A). The group spe-
cific substance system (Gc) was dis-
covered by Hirschfeld (2); Gec is a
protein that migrates in the alpha-
globulin region on agar-gel and paper
electrophoresis and in the post-albumin
region on starch-gel electrophoresis.
There are three common phenotypes
(Gec 1-1, Ge 2-2, and Gc 1-2) that
are controlled by two genes, Gcl and
Gc2, segregating at an autosomal locus.
Other rare phenotypes are also known.

In this report, we present evidence
for close linkage between the loci that
determine these two inherited traits,
using family material from the Naskapi
and Montagnais Indians of the Labra-
dor peninsula. A brief preliminary re-
port has been published (3).

Naskapi and Montagnais Indians be-
long to the Algonquin language group.
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Table 1. Studies on the linkage between the albumin and Gc loci and the albumin and ABO loci.

Albumin and Gc¢ loci

Albumin and ABO loci

Recombiﬁ Families Families N1, Families N5, N58, Né61,
nation N1, N27, and M8 N25, N27, and M8 N63, N67, and N77
fraction ¢ Total Total Total
lod Antilog* lod Antilog* lod Antilog*
score score score
0.00 --3.9134 8193 — 0 0 — 0 0
02 +3.7730 5929 -+2.6673 464.8
04 --3.6298 4264 +2.8162 654.8
.05 -+3.5572 3608 --2.8360 685.5 —0.8408 0.1443
.06 +3.4865 3066 +2.8399 691.6
.07 -+3.4098 2569 -+2.8255 668.8
10 --3.1820 1521 -+2.7383 547.7 -+ .0946 1.244
15 -+-2.7870 612.4 +2.4950 312.6 + .5220 3.327
20 ~+2.3713 235.2 +2.1775 150.5 -+ .6906 4.905
25 -+1.9357 86.24 +1.8107 64.68 + 7296 5.365
.30 --1.4827 30.39 --1.4070 25.53 -+ 6937 4.940
35 41,0182 10.42 -+0.9772 9.488 <+ 4340 2.716
40 --0.5659 3.685 -+ .5482 3.534 -+ 4111 2.577
45 - 1706 1.505 -+ .1666 1.468 -+ .1867 1.537

* Relative probabilities of 4.

The population included in the study
reside in adjacent communities near
Schefferville, Province of Quebec, and
have been described in other publica-
tions (I, 4).

Albumin phenotypes were determined
by starch-gel electrophoresis with the
discontinuous buffer system (7); Gec
types were determined by the method
of Hirschfeld (2) with the use of agar-
gel electrophoresis. Antiserums sup-
plied by the Pasteur Institute were used
in the preliminary typings, and ques-
tionable results were retyped with
Behringwerke (Marburg) horse anti-

|

2|
)
|

|

4
Ll
3

i

2-2 1=t

STOONORNO

27 [} 271 24 [} 27 =1 1= 24

z

1] = 2~} 23

E
S
|

Fig. 1. Pedigrees of the “complete” famil-
ies (N25, N27, N1, and M47). Males are
represented by squares, females by circles,
Filled squares or circles indicate albumin
Naskapi homozygotes; half-filled squares
or circles, albumin Naskapi/albumin A
heterozygotes; and empty symbols, albu-
min A homozygotes. The Gc¢ phenotypes
are given under the symbols. Phenotype
of the father in family N25 (NT) is in-
ferred from the phenotypes of his off-
spring.
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serum to Ge. Data were analyzed for
linkage by the application of the lod
scores of Morton (5) with the use of
Smith’s (6) method; data were also
analyzed by Finney’s method (7) and
Penrose’s sib-pair method as suggested
by Mohr (8). The pedigrees used in
the calculations are shown in Figs. 1
and 2, in which the albumin and Gc
phenotypes are indicated. Families N1,
N25, N27, and M47 (“complete” fam-
ilies) were analyzed by Smith’s and
Finney’s methods. In the remaining
families (“incomplete” families M10,
M251, M11, N10, N21, and N55) only
Penrose’s sib-pair method was used.
The results of the sib-pair method were
combined with those of the Finney
method for the complete families, as
suggested by Mohr (8).

Phenotypes for the following systems
were obtained for most of the family
members: ABO, MNS, Rh, Lewis,
Lutheran, P, Kell, Kidd, Duffy, hapto-
globin, transferrin, G¢, Gm, phospha-
tase, Ag, and Lp. These were used to
rule out illegitimacy. All the relations
shown on the pedigree are consistent
with the inheritance of these traits.

Inspection of the pedigrees indicates
a high probability of linkage between
the albumin and Gc loci. The pheno-
types are all consistent with the segrega-
tion of Gel with Al¥e. There is one
possible crossover (Fig. 1, arrow, family
N25) in which the Gc¢! gene apparently
segregates with the AI4 gene of the
father rather than his AIF¢ gene. In
this family, phenotypes of the dead
father had to be assumed from the
phenotypes of his offspring, including

the daughter with the apparent cross-
over, which precludes the possibility
of ruling out illegitimacy for this child.
However, all phenotypes for the sys-
tems listed above for the child, its
sibs, and mother are consistent with
legitimacy. Linkage calculations were
performed on the assumptions both that
the crossover did occur (that is, includ-
ing family N25) and that it did not
occur (that is, excluding this family).

The results with Smith’s method are
shown in Table 1. When only three
of the four complete families are in-
cluded (that is, excluding family N25),
the probability of linkage is A/21-+
=0.9788, and the probability of free
recombination is this value subtracted
from 1, that is, 21/21+4+A = 0.0212.
When all four of the complete families,
including N25, are used, the probability
of linkage is 0.9012, and the probability
of free recombination is 0.0988. Figure
3 shows the probabilities of the recom-
bination fractions (probability A8/S5).
From this, the recombination frequency
is less than 7 percent.

When Finney’s method is used for
families N1, N27, and M8 there is
a linkage value of 1—4X = +1 with a
standard error of 0.1491, and the
amount of information, x¢ = 45. If
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Fig. 2. Pedigrees of the “incomplete”
families (M10, M251, M11, N21, NS5,
and N10). Males are represented by
squares, females by circles. Filled squares
or circles indicate albumin Naskapi
homozygotes; half-filled squares or cir~
cles, albumin Naskapi/albumin A hetero-
zygotes; and empty symbols, albumin A
homozygotes. The Gc phenotypes are
given under the symbols.

SCIENCE, VOL. 158



+087

08+

3

Probatility { o/5)

a
®
it

L0
°

T T T ¥ %
1o 20 30 40 50

Recombination fraction @

Fig. 3. Probalilities (/5) for the occur-
rence of values of the recombination frac-
tion 6.

family N25 is included, the linkage
value is +0.9565 with a standard error
of 0.1474, and amount of information,
k¢ = 46. These values give a frequency
of crossing-over of ¢ = 1.1 percent.

When incomplete families M10,
M251, M11, N10, N21, and N55 are
treated by Penrose’s sib-pair method
and the results combined with those ob-
tained by the Finney method, the re-
sults do not add to the probability esti-
mate.

The probability of linkage between
the albumin locus and the ABO, MNS,
Rh, Lewis, P, Kidd, Dufty, haptoglobin,
and transferrin loci in the appropriate
families, including some not shown in
Figs. 1 and 2, were tested by Smith’s
method. For the ABO locus there was
a probability of free recombination of
0.8788. The lod scores are shown in
Table 1. For all the other loci, the
probability of free recombination was
greater than 0.9545, except for Dufly,
which was 0.9283.

Inspection of the pedigrees and the
application of Smith’s and Finney’s
methods give evidence for close linkage
of the Gc¢ and albumin loci with a
very high probability. Weitkamp and
Rucknagel (9) reported a high prob-
ability of close linkage between the
Gc and albumin loci in three families
that segregate for the slow-moving al-
bumin (albumin B), which occurs as
a rare trait in Europeans and Ameri-
cans. They found a recombination fre-
quency of less than 7 percent, which

;agrees closely with our results when
family N25 was included. Even if fam-
ily N25 is not included in our data,
the possibility remains that the recom-
bination frequencies for these two loci
may be different in the Naskapi and
Montagnais populations from those in
the population studied by Weitkamp
and Rucknagel.

In the populations we studied, the
Gcl variant is always found with al-
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bumin Naskapi, whereas for many
linked traits such association may not
occur (8). In the Naskapi and Mon-
tagnais, the Gc 2-2 phenotype is very
rare. There were 12 occurrences of the
Gc 2-2 phenotype and 75 of the al-
bumin Naskapi among the 330 in-
dividuals tested. The probability of
these two phenotypes occurring to-
gether is less than 1 to 120, if one
assumes that there is a random segrega-
tion of alleles at the two loci and that
12/330 and 75/330 are unbiased esti-
mates of the frequency of genotypes
Gc 2-2 and albumin Naskapi, respec-
tively. Most of the members of these
Indian populations are closely or re-
motely related. More complete pedi-
grees will be published elsewhere (10).

Smith (77) noted that if linked genes
are very close together, as these seem
to be, there may be association be-
cause the mixing action of recombina-

.tions will not have sufficient opportunity

to take effect. Boyer et al. (I2) have
pointed out that the nonequilibrium be-
tween coupling and repulsion phases
can also be used to reckon the dura-
tion of coexistence of linked genes, if
one knows the recombination frequency
between loci, but the values could be
misleading in the absence of extensive
data.

There is a slight possibility that there
might be linkage between albumin and
ABO loci. If they are linked, the best
estimate of the recombination frequen-
cy is 25 percent. The possible linkage

of the ABO locus with that for xero-
derma pigmentosum (I3) and with the
Gc-albumin linkage, and its definite
linkage with the locus for the nail-
patella syndrome (Z4), would make the
chromosome involved the best-mapped
human autosome. )
E. KAARSALO
LiisA MELARTIN
B. S. BLUMBERG
Institute for Cancer Research,
Fox Chase, Philadelphia,
Pennsylvania 19111
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Histocompatibility Antigen Transfer in Utero:

Tolerance in Progeny and Sensitization in Mother

Abstract. Subcellular antigens obtained from donor spleen and kidney were
administered to pregnant rabbits treated with hyaluronidase. Partial immunological
tolerance to the donor was thus induced in the fetuses during the adaptive phase.
The duration of tolerance was proportional to the total dose of antigen adminis-
tered to the mother. Maternal sensitization to the offspring was noted in all rabbits

giving birth to partially tolerant progeny.

Hyaluronidase has been shown to al-
ter the barrier between mother and fe-
tus, permit entry of maternal antigen
into the immunologically immature fe-
tus, and thus induce varying degrees
of tolerance (). In these studies, the
effects of early exposure of the fetus
to foreign (nonmaternal) antigens were
studied. In the New Zealand albino rab-
bit, the adaptive period lasts until the
22nd day of gestation (2); therefore, the
donor antigen was administered to the

mother prior to this time. Six doses
were given intravenously (representing
a total of 175 mg dry weight of tis-
sue), with 10,000 turbidity-reducing
units of hyaluronidase each time. Injec-
tions were administered three times a
week, during the 2nd and 3rd weeks of
gestation. The antigen was prepared
from disrupted spleen and kidney by
methods previously described (3). The
offspring were grafted at 3 weeks of
age with full-thickness skin (1 by 1
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