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/*

*/
#include <stdio.h>
#include <ctype.h>

#define MAXIMP 16
#define MAXGAP24
#idefine JMPS
#define MX

(24) JP 2007-537691 A 2007.12.27

/* max jumps in a diag */

/* don't continue to penalize gaps larger than this */

1024 /* max jmps in an path */

4 /* save if there’s at least MX-1 bases since last jmp */

fidefine DMAT 3 /* value of matching bases */
#idefine DMIS 0 /* penalty for mismatched bases */
#define DINSO 8 /* penalty for a gap */
#define DINS1 1 /* penalty per base */
#define PINSO 8 /* penalty for a gap */
#define PINS1 4 /* penalty per residue */
struct jmp {
short n[MAXJMP]; /* size of jmp (neg for dely) */
unsigned short x[MAXIMP]; /* base no. of jmp in seq x */
1S /* limits seq to 2/16 -1 ¥/
struct diag {
int score; /* score at last jmp */
long offset; /* offset of prev block */
short ijmp; /* current jmp index */
struct jmp jp; /* list of jmps */
3
struct path {
int spc; /* number of leading spaces */
short n[JMPS]; /* size of jmp (gap) */
int x[IMPS]; /* loc of jmp (last elem before gap) */
h
char *ofile; /* output file name */
char *namex[2]; /* seq names: getseqs() */
char *prog; /* prog name for err msgs */
char *seqx[2]; /* segs: getseqs() */
int dmax; /* best diag: nw() */
int dmax0; [I* final diag */
int dna; /* set if dna; main() ¥/
int endgaps; /* set if penalizing end gaps */
int £apx, gapy; /* total gaps in seqs */
int len0, lenl; /* seq lens ¥/
int ngapx, ngapy; {* total size of gaps */
int smax; /* max score: nw() */
int *xbm; /* bitmap for matching */
long offset; /* current offset in jmp file */
struct diag *dx; /¥ holds diagonals */
struct  path ppl2]; /* holds path for seqs */
char *calloc(), *malloc(), *index(), *strepy();
char *getseq(), *g_calloc();
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=1 (5E)
/* Needleman-Wunsch alignment program
*
* usage: progs filel file2
where filel and file2 are two dna or two protein sequences.
The sequences can be in upper- or lower-case an may contain ambiguity
Any lines beginning with *’, >’ or *<’are ignored
Max file length is 65535 (limited by unsigned short x in the jmp struct)
A sequence with 1/3 or more of its elements ACGTU is assumed to be DNA
Output is in the file "align.out"

* B K ¥ ¥ X

*

* The program may create a tmp file in /tmp to hold info about traceback.
* Original version developed under BSD 4.3 on a vax 8650
*/

#include "nw.h"

#include "day.h"

static  _dbvalf26] ={
1,14,2,13,0,0,4,11,0,0,12,0,3,15,0,0,0,5,6,8,8,7.9,0,10,0
IS

static _pbval[26] = {
1, 2[(1<<(D-"A)N(1<<(N>-'A?), 4, 8, 16, 32, 64,
128, 256, OxFFFFEFFF, 1<<10, 1<<11, 1<<12, 1<<13, 1<<14,
1<<15, 1<<16, 1<<17, 1<<18, 1<<19, 1<<20, 1<<21, 1<<22,
1<<23, 1<<24, 1<<25|(1<<(E-"AD|(1<<(Q-"AY)

5

main(ac, av)
int ac;
char *av[];

prog = av[0];

if(ac=3){
fprintf(stderr, "usage: %s filel file2\n", prog);
fprintf(stderr,"where filel and file2 are two dna or two protein sequences.\n");
fprintf(stderr,"The sequences can be in upper- or lower-case\n");
fprintf(stderr,”"Any lines beginning with ’;’ or <’ are ignored\n");
fprintf(stderr,"Output is in the file \"align.out\"\n");
exit(1);

namex[0] = av[1];

namex[1] = av[2];

seqx[0] = getseq(namex[0], &len0);
seqx{1] = getseq(namex[1], &lenl);
xbm = (dna)? dbval : pbval;

endgaps = 0; /* 1 to penalize endgaps */
ofile = "align.cut"; /* output file */

aw(); /* fill in the matrix, get the possible jmps */
readjmps(); /#* get the actual jmps */
print(); /* print stats, alignment */

cleanup(0); /* unlink any tmp files */
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=1 ()

[* do the alignment, return best score: main()
* dna: valves in Fitch and Smith, PNAS, 80, 1382-1386, 1983
* pro: PAM 250 values
* When scores are equal, we prefer mismatches to any gap, prefer
* anew gap to extending an ongoing gap, and prefer a gap in seqx
*toa gap inseqy.

*
ow()

{

char *px, *py; /* segs and ptrs */

int *ndely, *dely; /* keep track of dely */

int ndelx, delx; /* keep track of delx */

int *tmp; /* for swapping row0, row1 #/
int mis; /* score for each type */

int ins0, ing1; /* insertion penalties */

register id; /* diagonal index */

register ij; /* jmp index */

register *col0, *coll; 1* score for curr, last row */
register XX, ¥Y; /* index into segs */

dx = (struct diag *)g_calloc("to get diags", lenO+len1+1, sizeof(struct diag));

ndely = (int *)g_calloc("to get ndely”, len1+1, sizeof(int));
dely = (int *)g_calloc("to get dely"”, lenl+1, sizeof(int));
colQ = (int *)g_calloc("to get col0", lenl+1, sizeof(int));
coll = (int *)g_calloc("to get coll", lenl+1, sizeof(int));
ins0 = (dna)? DINSO : PINSO;

ins1 = (dna)? DINS1 : PINST;

smax = -10000;
if (endgaps) {
for (col0[0] = dely[0] = -ins0, yy = 1; yy <= len1; yy++) {
colOfyy] = dely[yy] = col0[yy-1] - ins1;
ndely[yy] = yy;

}
col0[0] = 0; /* Waterman Bull Math Biol 84 ¥/

else
for (yy = 1; yy <= lenl; yy++)
dely[yy] = -ins0;

/* fill in match matrix
*/
for (px = seqx[0], xx = 1; xx <=len0; px++, xx++) {
/* initialize first entry in col

*/
if (endgaps) {
if(xx==1)
col1[0] = delx = -(insO+ins1);
else
col1[0] = delx = col0[0] - ins1;
ndelx = xx;
}
else {
col1[0] =0;
delx = -ins0;
ndelx = 0;
}

JP 2007-537691 A 2007.12.
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for (py = seqx[1], yy = 1; yy <= lenl; py++, yy++) {
mis = col0[yy-1];
if (dna)
mis += (xbm[*px-’A7&xbm[*py-"A"1)? DMAT : DMIS;
else
mis += _day[*px-’A’}[*py-'A7;

/* update penalty for del in x seq;

* favor new del over ongong del

* ignore MAXGAP if weighting endgaps

*

if (endgaps || ndely[yy] < MAXGAP) {

if (colOfyy] - ins0 >= dely[yy]) {

dely[yy] = colO[yy] - (insO+ins1);
ndely[yyl =1;

}else{
dely[yy] -= ins1;
ndely[yyl++;
} else {
if (colO[yy] - (insO+ins1) >= dely[yy]) {
delyfyy] = colO[yy] - (insO+ins1);
ndely[yyl = 1;
} else
ndely[yyl++;
}

/¥ update penalty for del in y seq;
* favor new del over ongong del
*f
if (endgaps || ndelx < MAXGAP) {
if (coll[yy-1] - insO >= delx) {
delx = coll[yy-1] - (insO+ins1);
ndelx = 1;
}else {
delx -=insl;
ndelx++;

Yelse{
if (coll[yy-1] - (insO+ins1) >= delx) {
delx = coll[yy-1] - (insO+ins1);
ndelx =1;
} else
ndelx+;

}

1* pick the maximum score; we're favoring
* mis over any del and delx over dely
*f

kW

27

10

20

30



L T e T e T e O e T e O e O e T e T T e T e O s O e T e TR e T e, IO e, TR e T e, IO e TR e, T e T e T e B e T e Y e e e T e T e T e T e T e T e T e B e

O

(28) JP 2007-537691 A 2007.12.

=1 @EE)

id=xx-~yy+lenl-1;
if (mis >= delx && mis >= delylyy])
coll[yy] = mis;
else if (delx >= dely[yy]) {
coll[yy] = delx;
ij = dx[id].jjrap;
if (dx[id].jp.n[0] && (Idna || (ndelx >= MAXIMP
&& xx > dx[id}.jpx[{]+MX) || mis > dx[id].score+DINS0)) {
dx[id].ijmp++;
if (++ij >= MAXIMP) {
writejmps(id);
ij = dx[id].ijmp=0;
dx[id].offset = offset;
offset += sizeof(struct jmp) + sizeof(offset);
}

}
dx[id].jp.n[ij] = ndelx;
dx[id].jp.xlij] = xx;
dx[id].score = delx;
-} .
else {
coll[yy] = delylyyl;
ij = dx[id).ijmp;
if (dx[id].jp.n[0] && (!dna || (ndely[yy] >= MAXIMP
&& xx > dx[id].jp.x[ij]+MX) || mis > dx[id}.score+DINSO)) {
dx[id].ijmp++;
if (++ij >= MAXIMP) {
writejmps(id);
ij = dx[id}.ijmp = 0;
dx[id].offset = offset;
offset += sizeof(struct jmp) + sizeof(offset);

}

}

dx[id].jp.n[ij] = -ndely[yyl;
dx[id].jp.x[ij] = xx;
dx[id].score = dely[yyl;

}
if (xx == len0 && yy < lenl) {
/* last col
*/
if (endgaps)
collfyy] -= insO+ins1*(lenl-yy);
if (coll[yy] > smax) {
smax = coll[yyl;
dmax =id;
}
}
if (endgaps && xx < len0)
coll{yy-1] -= insO+ins1*(len0-xx);
if (coll{yy-1] > smax) {

smax = coll[yy-1];
dmax = id;

tmp = ¢ol0; col0 = coll; coll = tmp;
}
(void) free((char *)ndely);
(void) free((char *)dely);
(void) free((char *)col0);
(void) free((char *)coll); }

oo IW
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1%
*

* print() - only routine visible outside this module
*

*# static:

* getmat() -~ trace back best path, count matches: print()

* pr_align() - print alignment of described in array p[ J: print()

* dumpblock() - dump a block of lines with numbers, stars: pr_align()
* nums() -- put out a number line: dumpblock()

* putline() - put out a line (name, [num], seq, [num]): dumpblock()

* stars() ~ -put a line of stars: dumpblock()

* stripname() -- strip any path and prefix from a seqname

*/

#include "nw.h"

#define SPC 3
#define P_LINE 256 /* maximum output line */
#define P_SPC 3 /* space between name or num and seq */
extern _day[26][26];
int olen; /* set output line length */
FILE *fX; /* output file */
print()
{
int Ix, ly, firstgap, lastgap; /* overlap */

if ((fx = fopen(ofile, "w")) == 0) {
fprintf(stderr," %s: cant write %s\n", prog, ofile);
cleanup(1);
}
fprintf(fx, "<first sequence: %s (length = %d)\n", namex[0}, len0);
fprintf(fx, "<second sequence: %s (length = %d)\n", namex{1], len1);
olen = 60;
Ix = len0;
ly =lenl;
firstgap = lastgap = 0;
if (dmax < lenl - 1) { /* leading gap in x */
ppl0].spc = firstgap = len1 - dmax - 1;
ly -=pp[0].spc;

}

else if (dmax > lenl - 1) { /* leading gap in y */
ppl1l.spc = firstgap = dmax - (lenl - 1);

) Ix = pp[1].spc;

if (dmax0 <1len0 - 1) { /* trailing gap in x */
lastgap = len0 - dmax0 -1;
Ix = lastgap;

}

else if (dmax0 > len0 - 1) { /* trailing gap in y */
lastgap = dmax0 - (len0 - 1);
ly = lastgap;

}
getmat(lx, ly, firstgap, lastgap);
pr_align();

JP 2007-537691 A 2007.12.27
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I
* trace back the best path, count matches
*f
static
getmat(lx, ly, firstgap, lastgap)
int Ix, ly;
int firstgap, lastgap;
{
int nm, i0, i1, siz0, sizl;
char outx[32];
double pet;
register n0, nl;
register char *p0, *pl;

* get total matches, score
*

i0 =il = siz0 =izl =0;
p0 = seqx[0] + pp[1].spc;
pl =seqx[1] + pp[0l.spe;
n0 = pp[1].spc +1;

nl =pp[0l.spc +1;

(30)

/* "core" (minus endgaps) */
/* leading trailing overlap */

mm =0,
while ( *p0 && *p1 ) {
if (siz0) {
pl+H
nl++;
siz0--;
}
else if (siz1) {
pO++;
n0++;
sizl--;
}
else {
if (xbm[*p0-'A’&xbm[*p1-'A’)
nm++;
if (n0++ == pp[0].x[i07)
$iz0 = pp[0].n[i0++];
if (nl++ == pp[1].x[il])
* sizl =pp[1].n[il++];
pO++;
pl+t;
}
}
/* pct homology:

* if penalizing endgaps, base is the shorter seq
* else, knock off overhangs and take shorter core

*/
if (endgaps)

Ix = (len0 < len1)? len0Q : lenl;
else

kk=x<ly)?lx:ly;
pet = 100.*(double)nm/(double)lx;
fprintf(fx, "\n");

fprintf(fx, "<%d match%s in an overlap of %d: %.2f percent similarity\n",

nm, (nm == 1)? " : “es", Ix, pct);

JP 2007-537691 A 2007.12.27
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fprintf(fx, "<gaps in first sequence; %d", gapx);

if (gapx) {

(void) sprintf(outx, " (%d %s%s)",
ngapx, (dna)? "base":"residue”, (ngapx == 1)? "":"s"),
fprintf(fx,"%s", outx);

fprintf(fx, ", gaps in second sequence: %d", gapy);

if (gapy) {

(void) sprintf(outx, " (%d %s%s)",
ngapy, (dna)? "base":"residue", (ngapy == 1)? "":"s");
fprintf(fx," %s", outx);

}
if (dna)
fprintf(fx,
"\n<score: %d (match = %d, mismatch = %d, gap penalty = %d + %d per base)\n",
smax, DMAT, DMIS, DINSO, DINS1);
else
fprintf(fx,
"\n<score: %d (Dayhoff PAM 250 matxix, gap penalty = %d + %d per residue)\n",
smax, PINSQ, PINS1);
if (endgaps)
' fprintf(ix,
"<endgaps penalized. left endgap: %d %s%s, right endgap: %d %s%s\n",
firstgap, (dna)? "base” : "residue”, (firstgap == 1)? ™ : "s",
Iastgap, (dna)? "base" : "residue", (lastgap == 1)? ™" : "s");
else
fprintf(fx, "<endgaps not penalized\n");
} .
static nm; /* matches in core -- for checking */
static Imax; /* lengths of stripped file names */
static ij[2]; /* jmp index for a path */
static ncf2]; /* number at start of current line */
static nif2]; /* current elem number -- for gapping */
static siz]2];
static char *ps[2]; /* ptr to current element */
static char *po[2]; /* ptr to next output char slot */
static char out[2][P_LINE]; /* output line */
static char star[P_LINE]; /* set by stars() */
I
* print alignment of described in struct path ppl ]
*
static
?r_align()
int nn; /* char count */
int more;
register i;-

for (i= 0, Imax =0;i<2;i++){

nn = stripname(namex[i]);
if (nn > Imax)
Imax = nn;

ncfil=1;

nifi] =1;

siz[i] = ij[i} = 0;

ps[i] = segx[i];

pofi] = outfil; }

«.getmat
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for (nn =nm = 0, more = 1; more; ) { ..pr_align
for (i = more = 0; i < 2; i-++) {
/*
* do we have more of this sequence?
*
if (Pps[il)
continue;

more++;

if (pplil.spe) { /* leading space */
*pofil++=""
pplil-spe—;

}
else if (sizfi]) { /*in a gap ¥/
*pofif+ =}

sizfi]--;
else { /* weTe putting a seq element
#
*poli] = *pslil;
if (islower(*psli]))
*ps[i} = toupper(*psfil);
polil++;
pslil++;
/*
* are we at next gap for this seq?
*/
if (nifi] == ppli] x[HHID {
/*
* we need to merge all gaps
* at this location
*/

siz[il = pplilnfij[i]++];
while (nifi] == pplil. X1
siz[i] += ppll.n{ij[il+-+];

nifi}++;
}
}
if (++nn == olen || Imore && nn) {
dumpblock();
for i=0;i<2;i+H)
poli] = out[i];
.nn=0;
. } .
}
}
/*
* dump a block of lines, including numbers, stars: pr_align()
*/
static
dumpblock() dumpblock
{

register  i;
for (i=0;i<2;i++)
*po[il-- = \0%
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(void) putc(\n’, fx);
for (i=0;i<2;i++) {
if (foutli] && (*outfi] I=""|| *(po[i]) =) {
if(i==0)
nums(i);
if (i == 0 && *out[1])
stars();
putline(i);
if (== 0 && *out[1])
fprintf(fx, star);

ifli==1)
nums(i);
}
}
}
/*
* put out a number line: dumpblock()
* )
static
nums(ix)
int ix; /* index in out[ ] holding seq line */
{
char nlinefP_LINE];
register L3
register char *pn, *px, *py;
for (pn = nline, i = 0; i < lmax-+P_SPC; i++, pn++)
PN
pn="5,
for (i = ncfix], py = out{ix]; *py; py++, po++) {
if (*py ==""|| *py == >)
*pn - 7;
else { :
if (%10 ==0 || (i == 1 && nclix] '= 1)) {
j=G<0)?4:1i;
for (px =pn; j; j /= 10, px--)
*px =j%10 + 0%
if(i<0)
*Px - ’.’;
}
else
*pn = ? ?;
it+;
}
}
*pn = \0%
nclix] =1;
for (pn = nline; *pn; pn++)
(void) putc(*pn, fx);
(void) putc(An’, fx);
}
/*
* put out a line (name, [num], seq, [num]): dumpblock()
*
static
putline(ix)

int ix; {

2007-537691 A 2007.12.27
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int i
register char *pX;

for (px = namex[ix], i = 0; *px && *px ="’ px+H, i+4)
(void) putc(*px, fx);

for (; i < lmax+P_SPC; i++)
(void) putc(’ ', fx);

/* these count from 1:
* nif ] is current element (from 1)
* ne[ ] is number at start of current line
*/
for (px = out(ix]; *px; px++)
(void) putc(*px&0x7F, fx);
(void) putc(\n’, fx);

I* .
* put a line of stars (segs always in out[0], out{1]): dumpblock()
*

static
stars()
{
int i
register char *p0, *pl, cx, *px;
i (Pout[0] || (*out[0] = ** && *(pof0]) == " |
Poutf1] || (Fout[1] == ** && *(po[1]) == "))
return;
px = star;
for (i = Imax+P_SPC; i; i—)
*pxt ="
for (130 = out[0], pl = out[1]; *p0 && *pl; pO++, pl++) {
if (isalpha(*p0) && isalpha(*pl)) {
if (xbm[*p0-"A7&xbm[*p1-"AT) {
CcxX = .
nm++;
}
else if (Idna && _day[*p0-"A7[*p1-’A% > 0)
cx="%
else
cx="%
}
else
cx="7%
*pX4+ =CX;
*px++=\n"
*px =1\0%
}
=1(#HE)
IS
* strip path or prefix from pn, return len: pr_align()
*f
static
stripname(pn)
char *pn; /* file name (may be path) */
{
register char *pX, *py;
py=0;
for (px = pn; *px; px++)
if (!px="7)
py=px+1;
oY)
(void) strepy(pn, py);
return(strien(pn));
}

JP 2007-537691 A 2007.12.27
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/*
#* cleanup() -~ cleanup any tmp file
* getseq() -- read in seq, set dna, len, maxlen
# g calloc() -- calloc() with error checkin
* readjmps() - get the good jmps, from tmp file if necessary
* writejmps() -- write a filled array of jmps to a tmp file: nw()

*/
#include "ow.h"
#include <sys/file.h>
char *jname = "/tmp/homgXXXXXX"; /* tmp file for jmps */
FILE *fj;
int cleanup(); /* cleanup tmp file */ 10
long Iseek();
/*
* remove any tmp file if we blow
*f
cleanup(i) cleanup
int i
if ()
(void) unlink(jname);
exit(i);
}
/*
* read, return ptr to seq, set dna, len, maxlen
* gkip lines starting with *%’, '<’, or >’ 20
* seq in upper or lower case
*/
char *
getseq(file, len) getseq
char *file; /% file name */
int *len; /* seq len */
{
char line[1024], *pseq;
register char *pX, *py;
int natgc, tlen;
FILE *fp;
if ((fp = fopen(file,"r")) == 0) {
fprintf(stderr,"%s: can' read %s\n", prog, file);
exit(1);
}
tlen = natgc = 0; 30

while (fgets(line, 1024, fp)) {
if (*line == %’|| *line == <’ || *line == >)
continue;
for (px = line; *px != \n” px++)
if (isupper(*px) || islower(*px))
tlen++;

}

if ((pseq = malloc((unsigned){tlen+6})) == 0) {
fprintf(stderr,"%s: malloc() failed to get %d bytes for %s\n", prog, tlen+6, file);
exit(1);

pseqf0] = pseq[1] = pseq[2] = pseq[3] = \0’;
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py =pseq +4;
*len = tlen;
rewind(fp);

while (fgets(line, 1024, ip)) {
if (*line == *|| *line == <’}| *line == >
continue;
for (px = line; *px != An* px++) {
if (isupper(*px))
*py+t = *px;
else if (islower(*px))
*py++ = toupper(*px);
if (index("ATGCU",*(py-1))) .

g_calloc(msg, nx, sz)

}
=

natge++;

}
}
*py++ =0’
*py =0}
(void) fclose(fp);
dna = natgc > (tlen/3);
return(pseq+4);
*
char *msg; /* program, calling routine ¥/
int DX, §2; /* number and size of elements */
char *px, *calloc();

if ((px = calloc((unsigned)nx, (unsigned)sz)) == 0) {

JP 2007-537691 A 2007.12.27

g_calloc

i (*msg) {
fprintf(stderr, "%s: g_calloc() failed %s (n=%d, sz=%d)\n", prog, msg, nx, sz);
exit(1);
}
return(px);

* get final jmps from dx[ ] or tmp file, set pp[ ], reset dmax: main()

¥/

readjmps()

int fd=-1;
int siz, 0, i1;
register 1, j, xx;
if (f) {

(void) fclose(f]);

if ((fd = open(jname, O_RDONLY, 0)) < 0) {

fprintf(stderr, "%s: can' open() %s\n", prog, jname);

cleanup(1);
}

for (i =i0 = i1 = 0, dmax0 = dmax, xx = len0; ; i++) {
while (1) {

for (j = dx[dmax].ijmp; j >= 0 && dx[dmax].jp.x[j] >= xx; j--)

?

readjmps
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«wreadjmps
if § < 0 && dx[dmax].offset && ) {
(void) Iseek(fd, dx[dmax].offset, 0);
(void) read(fd, (char *)&dx[dmax].jp, sizeof(struct jmp));
(void) read(fd, (char *)&dx[dmax].offset, sizeof(dx[dmax].offset));
dx[dmax].ijmp = MAXIMP-1;
}
else
break;
}
if (i >= IMPS) {
fprintf(stderr, "%s: too many gaps in alignment\n”, prog);
cleanup(1);
}
if({§>=0){ "

siz = dx{dmax].jp.nljl;
xx = dx[dmax].jp.x[j];
dmax += siz;
if (siz< 0) { /* gap in second seq */
ppl1].nfil] = -siz;
XX +=siz;
/#id=xx-yy+lenl-1
#
pp[11.x[il] =xx - dmax + Jenl - 1;
gapy+t;
ngapy -= siz;
/* ignore MAXGAP when doing endgaps */
siz = (-siz < MAXGAP || endgaps)? -siz : MAXGAP;
ild;

}

else if (siz > 0) { /* gap in first seq */
pp[0].a[i0] = siz;
ppl0].x[i0] = xx;
gapx++;
ngapx += siz;

/* ignore MAXGAP when doing endgaps */

siz = (siz < MAXGAP || endgaps)? siz : MAXGAP;
1044

else
break;

}

/* reverse the order of jmps
*f
for (j = 0, i0~-; j <i0; j4+, 10--) {
i:= pp[0).nj); pp[0].nfj] = pp[O].nfi0]; pp[0].nL0] = ;
i=ppl[01.x{j1; ppl01.x[§] = pp[0].x[i0J; pp[0] x[i0] = §;

}

for (=0, il—; j <il;j++, 11-) {
i=pp[1).n(j}; pp[1).n[i] = pp[11.afil]; pp(1].nlil] =
i=pp[11.x[jl; ppl1].x[j] = ppI1].x[il}; pp[1].x[il] = i;

}
if (fd>=0)
(void) close(fd);
if (£) {
(void) unlink(jname);
fj=0;
offset=0;
} }
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/*
* write a filled jmp struct offset of the prev one (if any): nw()
*/
writejmps(ix)
int ix;
{
char *mktemp();
if (1) { .
if (mktemp(jname) < 0) {
fprintf(stderr, "%s: cant mktemp() %s\n", prog, jname);
cleanup(1);
}
if ((fj = fopen(jname, "w")) == 0) {
fprintf(stderr, "%s: cant write %s\n", prog, jname);
exit(1);
}
(void) fwrite((char *)&dx[ix].jp, sizeof(struct jmp), 1, fj);
§void) fwrite((char *)&dx[ix].offset, sizeof(dx[ix].offset), 1, fj);
gooooao
*x 2
PRO P 0.0.0:0:0.0.0.0.0.0:0.9.0.0¢ (BE=15T73I/8)
g E LRI E XXOXXXYYYYYYY (RS =12 73I/8

% 7 X BESI=

ALIGN-2 i L » THEENZ, ZHDR Y RFF FESIDOM T LT I/ BEEO% +

RYRTF FOT I ) BBEOKRE) =

5 + 15=333%

O

T e T e T e T e T e T e T e T e T e T e T

PRO D 0:0.0:0:0.0:4:0.0'¢ (B&=10 7 /8
8 IV | SOXXXYYYYYYZZYZ X =15T7I/8B)

% 7 I/ MESIE—M =

(ALIGN-2 IZ L o THRE &SNz, Z oD R Y R7F NEFIOB T—H L1272 /BEEOH + (PRO

RYRTFROT I BEEOKRE) -

5 =+ 10=50%

O

writejmps
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x4
PRO - DNA NNNNNNNNNNNNNN (& & =14 X7 VA FF)
te#: DNA NNNNNNLLLLLLLLLL (B&E =16 X7 VAT F)

% KZERECSIR—ME =

(ALIGN2 IZ Lo THREENZ, " OoOBEFOB TR LZX 7 LAF Fo#K) + (PRO - DNA

: 1
BRERIFID X 7 LA T KR - °
6 + 14=429%

x5

PRO - DNA NNNNNNNNNNNN (RE =12 X7 VAFF)
te# DNA NNNNLLLVV (B& =9 XZLAFF)

20
% HERRESIR—E =
(ALIGN-2 IZ &> TRE S NIz, ZoOMESIOMT—HLILX 7 LA F FOK) + (PRO - DNA
BRESI DX 7 L AT KOk -
4 +12=333%
ooooo
000000000000 30
000000000000 000O0O000n
000000000000 000000000000000000000000000
000000000000 000000000000000000000000000
000000000000 000000000000000000000000000
00000000000 0000000000000000000000000000
000000000000 0000O000000O000oO0O0O0O0O0DoOoOoO0oooo
000000000000 000000000000000000000000000
00000000000 0000000000000000000000000000
000000000000 0000000000O00000O000O0oooO0oooao
000000000000 0000000000000000 40
0ooooO
000000000000 0000000
00000000000 0000000000000000000000000000
000000000000 0000O000000O000oO0O0O0O0O0DoOoOoO0oooo
000000000000 000000000000000000000000000
00000000000 0000000000000000000000000000
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' Figure 1

GGCGCCTGGCTCTCACGATGATGAAGAAGAAGAAGTTTAAGTTTAAGGTGGACTTCGAGC
TCGAGGAGCTCTCCTCAGTGCCCTTCGTCA CTCTTCTGCAAGATGCGGCTGC
. TEGACGGCGGCAGCTTCACCGCCGAGTCCTCC AAGCAAAC 'GTTC
GCTGGAGARAGAAGTTCTCA! GCARAAT ARGTGCTGCCACAGGCATCC
TAGATCC CTAC; C AR AAGCTTATG
CAAAGCTGGGCTTTGCAGATCTAAACCTGGCAGAGTTTGCTGGATCAGGAAATACCACTC
[elelelele] TGGAAGGC CCARAAATACAAGACAGGATAATTCCATTCTTA
AAGTTTTGATCAGTATGCAACTGATGTCTGGTGACCCATGTTTTAAAACGCCTCCCTCCA
CTTCAATGTCTATACCAATTGCTGGTGAATCTGAATCTTTGCAAGAAGATAGAAAAGCTG Thl b
‘TCTCAAAGTGCATCTT ATAGCAGATCTTTCAGCAAAGAGTGCCTCTGTTC
CAGACGAACTTGGTGCCTGTGGACATTCTAGAACATCAAGC TATGCAAGTCAGCAGTCAA
AAGTATCAGGGTATAGCACGTGTCACTCCCGGTCATCTAGT TTCTCTGAGCTCTGCCACA L
GGAGAAATACCTC, GCACATCAAC A TCTAGAGCCATGTG +=;::Xl[: 4
ATGAAATTGAGCAGAAAATCGCTGAGCCAAATCTTGATACAGC TGATAAAGAAGATACAG
CTTCAGAAAAACTCAGCAGATGCCCAGTGARACAAGATTCTGTAGARTCTCAGCTGAAGE
GAGTTGATGACACCAGGGTGGATGCAGATGACATTGTAGAGAARATATTACAAAGTCARG

AHCD3:antiC

andidL12
TN

ACTTCAGCCTAGATTCCAGTGCGGAAGAAGAAGGACTAAGGCTATTTGTGGCTCCTGGGE CD4+ T cells . =i
GAAGTACAACCTTTGGCAGTCATCATCTTCCARATAGTGCCCTGGAAGCTCCCTCCTTGE N " N
TTECAGTTGTCCCCGCCTTTC CA TTCTTAC, AT g
GTCTCATGTCTCCCTAA ARACCA. CCCGACCACCC ATG

TTGTCAGGACCTCCTGAGACTGTGTCA GTCTCCTCAACCTTGGCARAATAAAC

TTTCTAAATTAGCTG]

oooao

Figure 2 O0n0no
; . Figure 4
MMKKKKFRFKVDEEL NGVLFCRKMRLLL 'VVQANCVRWRKK

FSFMCKMSASAATGILDPCIYRVSVRKELKGGKAYAKLGFADLNLAEFAGSGNTTRRCL
LEGYDTKNTRODNSILKVLISMOLMSGDPCFKTPPSTSMSIPIAGESESLOEDRKGGET
LKVHELGIADLSAKSASVPDELGACK YASQOSKVSGYST ELCHRR
NTSVGSTSTGVES ILEPCDEIEQKIAEPNLDTADKEDTASEKLSRCPVKODSVESQLKR
VDDTRVDADDIVEKILQSODFSLDSSAEEEGLRLFVGPGGSTTFGSHHLPNSALEAPSL
L

N-glycosylation site.
112-115 -
237-240

©AMP- and cGMP-dependent protein kinase phosphorylation site.
58-61
235-238

N-myristoylation site.
26-31
37-42
38-43
109-114
241-~-246
334-339

oooao gooao
FIGURE 7
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