
It is useful to compare our observed dis- 
tribution with the diitribution of other fea- 
tures that provide evidence for former 
ground ice and ground water on Mars. The 
most definitive such evidence comes from 
valley systems, chaotic terrain, outflow 
channels, and fretted terrain. Valley systems 
are believed to have formed by sapping and 
are found only in the ancient cratered terrain 
(2). They are present over a wide range of 
latitudes and may be weakly concentrated 
toward equatorial regions. Chaotic terrain 
and outflow channels are t.hought to result 
from melting and rapid release of large 
amounts of ground ice (3), while fretted 
terrain may result from more gradual release 
of ground ice by either melting or sublima- 
tion (1). All are most common at low to 
middle latitudes. Chaotic and fretted terrain 
dissect the highland materials; outflow 
channels, commonly arising from chaotic 
terrain, debouch onto the lowland plains. 
Crater age dating shows that outflow chan- 
nel formation took place after the formation 
of the ancient highlands but still fairly early 
in martian history (It?), while valley systems 
formed during the very earliest part of the 
planet's history (2). Their distributions are 
therefore consistent with the concept that 
the equatorial regions were once rich in 
water and ice and have subsequently been 
desiccated. 

The origin of the ice in the martian 
regolith is unclear. The many lines of evi- 
dence implying that ice was common in the 
cratered uplands early in martian history 
suggest that the ice was emplaced during an 
early period of intense outgassing. The alter- 
native extreme is continuous outgassing 
throughout the planet's history at a rate 
substantially lower than the low-latitude de- 
pletion rates in order to keep the low lati- 
tudes ice-free. In either case, intense early 
meteoritic brecciation was probably largely 
responsible for the apparent capability of the 
deep regolith to hold large amounts of 
water. We cannot determine what fraction 
of ice must be present in the near-surface 
materials to produce the features we have 
mapped. Even if only modest fractions (5 to 
10 percent by volume) are present, then the 
data presented here suggest that the total 
inventory of water at the surface is close to 
the upper limit of the post-Viking estimates 
of 10 to 100 m spread evenly over the 
surface of the planet (19). 

REFERENCES AND NOTES 

I. R. P. Sharp, J. Geophys, Ref. 78, 407; (197;); B. K. 
Lucchitta, ibid. 89, ~ 4 0 9  (1984). 

2. D. C. Pieri, Science 210, 895 (1980). 
3. V. R. Baker and D. J .  Milton, Icams 23, 27 (1974), 
4. IM. H .  Carr and G. G. Schaber, J. Geopbs. Res. 82, 

4039 (1977). 
5. IM. H .  Carr et al., ibid., p. 4055 For the view that 

some rampart crater formation is not related to ice, 

see P. H .  Schultz and D. E. Gault, LunarPlanet. Sci. 
15, 732 (1984). 

6. Images wlth resolutions ranging from 10 to 125 m 
per pixel were used to map terrain softening; images 
with resolution as low as 500 m per pixel were used 
to map lobate debris aprons and concentric crater 
fill. 

7. S. W. S uvres, Icarus 34, 600 (1978). 
8. C. W a h k f t i r  and A. Cox, Geol. Soc. Am. Bull. 70. - . . 

383 (1959). 
9 .  S. W. S uvres, J. Geophys. Res. M, 8087 (1979). 

10. T. W. 8&eld, U.S. Geological Survev map 1-626 . . 
(1972). 

11. L. A. Soderblom, T. J. Kriedler, H .  Masursky, J. 
Geophy. Res. 78, 4117 (1973). 

12. C. B. Farmer and P. E. Doms, ibid. 84, 2881 (1979). 
13. S. IM. Clifford and D. Hillel, ibid. 88, 2456 (1983). 
14. R. Smoluchowski, Science 159, 1348 (1968). 
15. F. P. Fanale, J. R. Salvail, A. P. Zent, S. E. 

Postawko, in preparation. 
16. R. B. Leighton and B. C. Murray, Science 153, 136 

(1966); F. P. Fanale and R ,  N. Clark, in Pemfiost: 
Proceedings of the Fourth International Conference 
(National Academy Press, Washington, DC, 1983), 
p. 289-294. 

17. g.  C. Murray, W. R.  Ward, S. C. Yeung, Science 
180, 638 (1973). 

18. IM. C. ~Malin, J. Geophys. Res. 81, 4825 (1976); H .  
Masursky, J. Bovce, A. L. Dial G. G. Schaber, M. 
E. Strobell, ibid.' 82, 4016 (1977:. 

19. S, I. Rasool, L. LeSargeant, Nature (London) 266, 
8zf (1977); IM, B. ~McElroy, Y. L. Yung, A. 0. Nier, 
Sczence 194, 70 (1976); IM. B. McElrov, T. Y. Kong, 
Y. L. Yung, J .  Geophys. Res. 82, 437'9 (1977); J. B. 
Pollack and D.  C. Black, Science 205, 56 (1979). 

20. S. W. S uvres, Icarus 46 ,  156 (1981). 
21. We than1.D. Maydan, K. Bilski, and A. Summers 

for programming assistance and C. ~McKay and R.  
Reynolds for helpful discussions. Supported bv the 
NASA Planetary Geology and Geophysics prog;am. 

12 August 1985; accepted 11 October 1985 

Human T-cell y Chain Genes: Organization, 
Diversity, and Rearrangement 

The human T-cell y chain genes have been characterized in an attempt to better 
understand their role in immune response. These immunoglobulin-like genes are 
encoded in the genome in variable, joining, and constant segments. The human y genes 
include at least six variable region genes, two joining segments, and two constant- 
region genes in germline DNA. Variable and joining segments recombine during the 
development of T cells to form rearranged genes. The diversity of human y genes 
produced by this recombinational mechanism is greater than that produced by the 
murine genome but is more limited than that of other immunoglobulin-like genes. 

A N ACTWE Y GENE IS FORMED BY region segments recombine with multiple 
immunoglobulin-like rearrange- (at least three) variable region segments, 
ment of variable (V) and joining (J) suggesting that the human genome encodes 

segments that occurs during somatic differ- more y chain diversity than the murine 
entiation of T cells (1-3). It has been sug- genome. 
gested that the y chain plays a role as a cell 
surface receptor because of its similarities to 
immunoglobulin and T-cell antigen receptor 
a and p chains (2-9). However, the poly- 
peptide chain has not pet been identified and 
its precise function remains uncertain. One 
approach to understanding the function of 
this ,molecule is to characterize the diversity 
of expressed y chains. The mouse expresses a 
very limited number of y chains because its 
genome encodes only three variable region 
genes. Only one of these participates in the 
formation of a functional gene (3). 

There are two y chain constant regions in 
the human genome that reside on the short 

To determine the structure of the human 
y chain polypeptide and to obtain probes to 
the human V and J region segments we 
isolated a y chain complementary DNA 
(cDNA) clone (11). The cDNA clone, pTy- 
1, was isolated by screening a cDNA library 
made from the cell HPB-MLT with a DNA 
probe specific for the human y chain C 
region (lo).  The nucleotide sequence of 
pTy-1 was determined (12) and V, J, and C 
regions were identified by homology to the 
mouse y gene (Fig. 1B). 

The two y chain C region genes were 

arm of chromosome 7 (10). One of these T. Quertermous, Cardiac Unit, Department of Medicine, 

constant (c) region gene segments is de- Massachusetts General Hos ital Boston 02114. 
C. Murre, A. D. Dubv, a n 8 ~ .  6. Seidman, Deparunent 

leted from the senome of most human T of Genetics. Harvard Medical School. Boston. MA 02115. " 
cells. H~~~ we report that the two c region D. P. Diali'nas and J. L. ~trominger, Department of 

Biochemis6 and Molecular Biology, Harvard Universi- 
segments are encoded about 12 kilobases ty, Boston, MA 02138. 

(kb) apart, with at least one J region seg- T. A. Waldmm,   metabolism Branch, National Cancer 
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A 
y Constant region genes 

Fig. 1. Organization of the C regions of (A) the human y chain gene and (B) 
the cDNA clone pTy-1. A C region probe derived from genomic clones 
described previously (10) was used to screen a cDNA library constructed 
from T-cell polyadenylated messenger RNA cloned into the Eco RI site of 
pUC9 (12) by standard techniques (11). A human placenta bacteriophage 
Charon 4A library (13) was screened with a C region probe and a single 
clone, 33, was isolated. The clone pyC1C2 containing a 12-kb Bam H I  
restriction fragment was isolated from a subgenomic library cloned into 
pBR322 by means of the C region probe with methods previously described 
(1 0). Location of the C region exons was determined by hybridization and 
nucleotide sequence analysis, and is indicated by closed-end, crosshatched 
areas. Open crosshatch symbols indicate the closest localization of J regions 
as detected by hybridization. The locations of the relevant Eco RI (R), Barn 
H I  (B), Hind 111 (H), Kpn I (K), and Pst I (P) restriction enzyme sites are 
indicated; not al l  restriction enzyme sites are shown. 

Cloned DNA: 
h 3 3  

D Y C I C ?  

Probes: Dl =a 

B 
Y cDNA: 

Probes: --- 
V  V J C  C 

cloned on overlapping segments of DNA by 
standard techniques. A human placenta bac- 
teriophage Charon 4A library (13) was 

some of the bands could be due to greater 
homology with the V region genes of the 
cDNA, or to multiple comigrating frag- 
ments that contain V regions or to multiple 
V region copies per fragment. Since Eco RI 
restriction sites within a V region would 

(Fig. 2, lanes 3 and 4). Because this probe 
also contains J and C sequences, Eco RI 
fragments encoding portions of J1, J2, C1, 
and C2 also hybridized. These J- and C- 
containing fragments were identified with 
genomic probes Jg and Cg (Fig. 2, lanes 1 
and 2). Five of the seven restriction frag- 
ments noted with the V probe produced 
isolated bands with the VJC probe. The 2.5- 
kb band noted with the V probe did not 

screened-with a probe to the y constant 
region. A single clone, 33, was isolated and 
the location of the three C1 exons and the 
associated J region were defined by hybrid- inflate the estimate of the number of V 

region encoding bands visualized with this 
type of hybridization experiment, we also 
hybridized the VJC probe to gerrnline DNA 

ization of restriction fragments to the cDNA 
probes. The third coding block of C1 and 
first coding block of C2 were shown to 
reside on the same 12-kb Bam HI fragment 
by Southern blot analysis of genomic DNA 
(Fig. 1A). This fragment was cloned into 
pBR322 by screening a subgenomic library 
constructed from placental DNA fragments 
partially purified on a preparative agarose 
gel. This fragment encodes the 3' end of the 
C1 constant region, J2, and the C2 constant 
region (Fig. 1A). 

J regions 4 kb 5' of each C region were 
defined by hybridization to the J segment of 
pTy-1 (designated VJC in Fig. 1B). The 
number and relation of J segments associat- 
ed with each C region were not determined 
by these experiments. A striking feature of 
the human y genes is the marked degree of 
homology between C1 and C2 which ex- 
tends outside of the J and C coding regions. 
This is evident from the similaritv of restric- 

Table 1. Classification of rearranged y genes in various T-cell tumor DNA's. The DNA's were 
obtained from T-cell tumor lines or peripheral blood of patients with T-cell malignancy. The size of 
the Eco RI fragment and its association with the HPB-MLT V region is indicated for each type of 
rearrangement. Clinical and pathological diagnosis is indicated where known. Abbreviation: T- 
ALL, T-cell acute lymphoblastic leukemia; CLL, chronic lymphocytic leukemia; ATL, adult T-cell 
leukemia; B-ALL, B lineage acute lymphoblastic leukemia; CL, cell line; PB, peripheral blood 
lymphocytes; ND, not determined. 

Rear- Eco RI HPB- 
range- MLT Cell Diagnosis CD4 CD8 
ment (kb) v family 

I 9.5 No REX (CL) 

I1 5.3 Yes CEM (CL) 
HPB-MLT (CL) 

T-ALL 
ATL 

CLL I11 4.2 Yes SKW3 (CL) 
PELC (CL) 
SA (PB) T-ALL 
REX (CL) 
ND (PB) Sezary cell 

T-ALL 
ATL 
ATL 

CLL 

WH (PB) 
WA (PB) 
FALC (CL) 

IV 2.5 No SKW3 (CL) 

tion maps in the region of C1 and C2. Cross- 
hybridization between restriction fragments 
from corresponding flanking segments and 
intervening sequences as well as analysis of 
short stretches of nucleotide sequences sug- 
gest that there is extensive homology in 
these regions. Such similarity provides evi- 
dence for recent duplication of this region of 
the genome. The extent of the duplication is 

PELC (CL) 
DN (PB) 
HSB (CL) 

B-ALL 
T-ALL 
ATL 
Sezary cell 
T-ALL 
ATL 

T-ALL 

ROB (CL) 
ND (PB) 
LS (PB) 
FALC (CL) 

V 0.94 Yes CEM (CL) 
S A (PB) 
8402T (CL) 
ROB (PB) 
TB (PB) 
RC (PB) 

VI 0.58 No 8402T (CL) 
HSB (CL) 

not yet defined. 
The V region probe (Fig. 1B) was used to 

obtain an estimate of the size of the family of 
T-ALL 
T-ALL 
ATL 
T-ALL 
Sezary cell 

T-ALL 
T-ALL 

V region genes homologous to the V region 
used in HPB-MLT. As shown in Fig. 2, 
when analyzed bv the Southern blot meth- 
od, the V' probL produces seven bands of 
varying intensity. The greater intensity of 
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Fig. 2. Southern blot analysis of y-chain V region 
number. Germline (B cell) DNA was digested 
with Eco RI and size-fractionated on a 0.9 per- 
cent agarose gel, transferred to nitrocellulose pa- 
per, and hybridized to nick-translated 32P-labeled 
DNA fragments (11). The J probe was a 1-kb 
genomic fragment containing J2 (designated Jg in 
Fig. l), the C probe (Cg in Fig. 1) was a 0.6-kb 
genomic fragment derived from C,, and probes 
VJC and V were derived from the cDNA (Fig. 1). 
The molecular weights (in kilobases) of bands 
hybridizing to the V probe are indicated on the 
right. Arrows to the right of the VJC lane indicate 
bands in common with the V probe, arrows to the 
left of the VJC lane indicate bands due to C or J 
segments. The open arrow (lane V) indicates a 
fragment that hybridizcd to the V probe but not 
to the VJC probe. 

Ja Cg VJC V patient or in a monoclonal T-cell population 
in this patient's blood is uncertain. From 27 
different rearranged bands only six unusual 
rearrangements were noted (Fig. 3A and 
Table 1). 

Each rearrangement type appears to be 
the product of recombination between a 
particular V region gene and a J region 
gene. That is, we have digested these T-cell 
DNA's with other restriction enzymes and 
identified comigrating fragments that corre- 
spond to the unique types. The possibility 
that new bands in the T-cell DNA's repre- 
sent restriction length polymorphism is un- 
likely because of the absence of these bands 
in peripheral blood T-cell DNA of 11 nor- 
mal volunteers and the consistency of rear- 
rangements noted with other restriction en- 
zymes. Since only one T cell was found with 
the type I rearrangement, we suggest that 
other rearrangements may be identified in 
other T cells. 

To determine if the V regions in these 
rearrangements belong to the HPB-MLT V 
region family, we used the V probe hybrid- 
ized to Eco RI-digested T-cell DNA's (Fig. 
3, lanes V). The 5.3-, 4.2-, and 0.94-kb 
rearranged bands were visualized with the V 
probe; however, the 9.5- and 2.5-kb rear- 
ranged bands comigrated with gerrnline V 
region fragments and the 0.58-kb rearrange- 
ment was not detected in this experiment. 
To determine whether these rearranged 
genes use a member of the HPB-MLT vari- 
able region family we digested the DNA's 
with other enzymes and repeated the hy- 
bridization to the J and V probes (Fig. 3B). 
Those T cells containing the type I, IV, and 
VI rearranged fragments do not use the 
HPB-MLT V region family because the 
rearranged fragments derived from these 

hybridize to the VJC probe, and the struc- 
ture of the V region encoded by this frag- 
ment is unclear. The 7.5-kb V region encod- 
ing fragment comigrates with the C2 encod- 
ing fragment and hence its hybridization to 
the VJC probe cannot be evaluated with 
certainty. However, the absence of new 
bands or change in intensity of common 
bands when the VJC probe is used indicates 
that the 7.5-kb band contains a complete V 
region not cleaved by Eco RI. Thus there 
are approximately six V region genes in this 
family. 

The J segment probe derived from geno- 
mic DNA (designated Jg in Fig. 1A) was 
used to define the rearrangement of y genes 
in various T-cell DNA's. Because the restric- 
tion enzyme sites around J1 and J2 are 
conserved we could not determine whether 
the altered restriction fragments detected in 
these experiments derived from J1 or J2. 
However, hybridization of the Eco RI di- 
gested DNA's to the C region (Cg) probe 

showed that CI  was deleted from each T-cell 
DNA except REX. In this T-cell, one Jl is in 
germline configuration, while J1 on the oth- 
er chromosome could be rearranged or de- 
leted. T-cell DNA's were prepared from 17 
T-cell tissue culture lines, isolated leukemic 
peripheral T cells, and the peripheral blood 
of one patient with a B-cell leukemia. South- 
em blot analyses of representative T-cell 
DNA's are displayed in Fig. 3. Most of the 
T-cell DNA digests have two nongermline 
restriction fragments (Fig. 3A). HSB DNA 
appears to have only a single nongermline 
fragment; however, other experiments dem- 
onstrated a second rearranged Eco RI frag- 
ment, 0.58 kb in size, which had migrated 
off this particular gel. DN DNA was pre- 
pared from peripheral lymphocytes of a pa- 
tient with B-cell lineage acute lymphoblastic 
leukemia (ALL), and although the gerrnline 
pattern is prominent there is a y chain 
rearrangement. Whether this rearrangement 
has occurred in the leukemic B cells of this 

A c ~ I I :  Garml lne  R E X  CEM SKW3 PELC SA O N  H S B  B Qermllne SKW3 HSB 
7 - F 7 

P r J V J V V J 

Fig. 3. Southern blot analysis of cells containing rearranged y genes. hybridized to 32P-labeled nick-translated DNA probes. The J and V probes 
Gcnomic DNA was prepared h m  human T-cell tumors (CEM, HSB, arc designated Jg and V in Fig. 1. Arrows on the left of each pair of lanes 
PELC, SKW3, REX), peripheral lymphocytes of patients with T-cell indicate rearranged bands labeled with the J probe. The type of rearrange- 
leukemia (SA) or B lineage leukemia (DN), or B cells (LAZ 509; nonrear- ment is indicated to the lefi of each lane (see Table 1). In (B), IIIh, IVh, and 
ranged y genes). DNA's were digested with (A) Eco RI or (B) Hind 111, VIh indicate the location of the rearranged fragments produced by Hind I11 
fractionated on a 0.9 percent agarose gel, blotted onto nitrocellulose, and digestion of T-cell DNA's. 
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cells do not hybridize to the HPB-MLT V 
region (Fig. 3B and Table 1). Because the 
type N rearrangement is very common (Ta- 
ble 1) we suggest that this rearrangement 
involves V-J recombination with the V re- 
gion of another non-cross-hybridizing fam- 
ily of V region genes. Thus, the human y 
chain genes can rearrange with at least four 
different V region genes. The maximum 
number of V region genes is not defined by 
these experiments; however, we suggest that 
there will be approximately 15 based on the 
number of V regions in the HPB-MLT 
family and the number of different rear- 
rangements observed. This appears to be sig- 
nificantly more recombinational diversity than 
is available to the murine y genes (2, 3). 

The role of the y chain gene remains 
uncertain. However, we note that the gene 
is rearranged in human T cells with diverse 
cell surface phenotype (CD4, CD8; Table 
1). Further studies to determine whether 
these rearrangements lead to expression of 
hc t iona l  y chains in these T cells may help 
to define the role of this polypeptide. 
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T-cell Recognition of Ia Molecules Selectively 
Altered by a Single Amino Acid Substitution 

T lymphocytes recognize foreign antigen together with allele-specific determinants on 
membrane-bound class I and class I1 (Ia) gene products of the major histocompatibil- 
ity complex. To identify amino acids of class I1 molecules critical to this recognition 
process, the genes encoding the P chains of the I-Ak molecule were cloned from a wild- 
type B-cell hybridoma and from an immunoselected variant subline showing distinct 
serological and T-cell stirnulatory properties. Nudeotide sequencing and DNA- 
mediated gene transfer established that a single base transition (G -+ A) encoding a 
change from glutamic acid to lysine at position 67 in the 1-4 molecule accounted for 
all the observed phenotypic changes of the variant cells. These results confirm the 
importance of residues 6 2  to 78  in the amino terminal domain of I-A, for class II- 
restricted T-cell recognition of antigen and demonstrate the ability of a single 
substitution in this region to alter this recognition event. 

C LASS 11 (OR h) MAJOR HISTOCOM- 

patibility molecules are integral 
membrane glycoproteins that exist 

as heterodimers of two noncovalently asso- 
ciated chains, a (33 kD) and p (29 kD). In 
the mouse, two isotypic forms of Ia have 
been demonstrated: I-A (Ap&) and I-E 
(EBE,) (1,2). These molecules are predomi- 
nantly expressed on B lymphoc$es, some 
macrophages and T lymphocytes, dendritic 
cells, and thymic epithelial cells (3, 4). There 
is evidence that the primary role of Ia mole- 
cules is to act as corecognition elements 
during antigen-specific interactions of help- 
er-inducer T lymphocytes with accessory 
cells (macrophages or dendritic cells) or 
with.B lymphocytes [reviewed by Schwartz 
( 5 ) ] .  A striking feature of class I1 molecules 
is their extensive intraspecies polymor- 
phism. and it is this allelic variation that is 
directly involved in the Ia-restricted recogni- 

tion of antigen by T cells. Nucleotide se- 
quence analysis of cloned class I1 genes has 
revealed that the ~ r i n c i ~ a l  amino acid ~ o l v -  

i i i i 

morphisms among alleles are in the NHr 
terminal domains of the I-A,, I-&, and I-Ep 
chains (6-12). [The I-E, chain shows rela- 
tively little variation among haplotypes (13, 
14).] The amino acid substitutions appear 
clustered in three or four hypervariable re- 
gions spread across the entik domain. 

Identification of the location of allelic 
variation in these molecules is the first step 
toward understanding the relation between " 
the fine structure of Ia and its immunologi- 
cal function. Further analysis is needed to 
map more precisely the regions and residues 
participating in haplotype-restricted T-cell 
antigen recognition and to assign functions 
to the mapped regions with respect to such 
features as interaction with antigen or direct 
binding to the T-cell receptor. One of the 
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two major approaches to exploring these 
issues is the use of DNA-mediated gene 

w 

transfer technology to obtain expression of 
class I1 genes recombined in vitro ("exon 
shuffled") by cells capable of antigen presen- 
tation. The alterations in structure are then 
systematically correlated with those seen in 
function. This method has proved successful 
in confirming the predicted unique role of 
the NH2-terminal I-AB1 or I-EpI domains in 
Ia-restricted T-cell stimulation (15, 16). 

The other approach is to identify muta- 
tions in class I1 genes that lead to altered 
immunologic function and then to deter- 
mine the precise nature of the structural 
change in the mutated gene. However, in 
contrast to the many spontaneous mutations 
that have been described in genes encoding 
class I (H-2K) major histocompatibility 
complex (MHC) molecules, only one has 
been found affecting a class I1 gene (17). 
The B ~ . C H ~ ~ ~ ' ~  mouse has an altered I-& 
gene, with three nucleotide changes com- 
pared to the wild type giving rise to three 
amino acid substitutions-at positions 67, 
70, and 71 (18). The changes have resulted 
in an altered Ia serologic reactivity, a new 
immune response mixed lym- 
phocyte reactivity against cells of the parent 
strain, and a distinct pattern of MHC-re- 
stricted antigen presentation by cells bearing 
the mutant I-A molecule (19). It is not yet 
known, however, whether all the changes in 
the bm12 I-An molecule are reauired for 
each altered t rak  Thus, it would b; usehl to 
have a panel of cells bearing mutant class I1 
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