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/*

*/

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

(29) JP 2008-519599 A 2008.6.12

®1 ()

#define MAXJMP 16 /* max jumps in a diag */

#define MAXGAP 24 /* don't continue to penalize gaps larger than this */
#define JMPS 1024 /* max jmps in an path */

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

#define DMAT
#define DMIS
#define DINSO
#define DINSI
#define PINSO
#define PINSI1

GO = 00 O W

struct jmp {
short n[MAXIMP];
unsigned short  x[MAXIJMP];

/* value of matching bases */

/* penalty for mismatched bases */
/* penalty for a gap */

/* penalty per base */

/* penalty for a gap */

/* penalty per residue */

/* size of jmp (neg for dely) */
/* base no. of jmp in seq x */

1N /* limits seq to 2°16 -1 */
struct diag {
int score; /* score at last jmp */
long offset; /* offset of prev block */
short jmp; /* current jmp index */
struct jmp ip; /* list of jmps */
I
struct path {
int spc; /* number of leading spaces */
short.  n[JMPS]; /* size of jmp (gap) */
int x[JMPS]; /* loc of jmp (last elem before gap) */
b
char *ofile; /* output file name */
char *namex[2]; /* seq names: getseqs() */
char *prog; /* prog name for err msgs */
char *seqx[2]; /* seqs: getseqs() */
int dmax; /* best diag: nw() */
int dmax0; /* final diag */
int dna; /* set if dna: main() */
int endgaps; /* set if penalizing end gaps */
int gapx, 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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/* 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"

E R R

E3

* 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  _dbval[26]={

1

static  _pbval[26] ={
1, 2[(1<<(D-AN|(1<<(N'-A"), 4, 8, 16, 32, 64,
128, 256, OXFFFFFFF, 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-"'A")|(1<<(Q'-'A"))

b

main(ac; av)
main
int ac;
char *avl ];

prog = av[0];

if (ac 1=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.out"; /* output file */

nw(); /* 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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/* do the alignment, return best score: main()
* dna: values in Fitch and Smith, PNAS, 80, 1382-1386, 1983
* pro: PAM 250 values
* When scores are equal, we prefer mismatches to any gap, prefer
* a new gap to extending an ongoing gap, and prefer a gap in segx
*to a gap in seq v.

*/

nw()
nw

{
char *px, *py; /* seqs 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, ins1; /* insertion penalties */
register id; /* diagonal index */
register ij; /* jmp index */
register *col0, *coll; /* score for curr, last row */
register XX, VY; /* index into seqs */

dx = (struct diag *)g_calloc("to get diags", len0+len1+1, sizeof(struct diag));

ndely = (int *)g_calloc("to get ndely", lenl+1, sizeof(int));
dely = (int *)g_calloc("to get dely", len1+1, sizeof(int));
col0 = (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;

insl = (dna)? DINS1 : PINSI;

smax = -10000;
if (endgaps) {
for (col0[0] = dely[0] = -ins0, yy = 1; yy <=lenl; yy++) {
colO[yy] = dely[yy] = colO[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)
coll[0] = delx = -(insO+ins1);
else
col1[0] = delx = col0[0] - ins1;
ndelx = xx;
}
else {
coll[0]=0;
delx = -ins0;
ndelx = 0;



(32) JP

F1 HEE)

for (py =seqx[1], yy = 1; yy <= lenl; py++, yy++) {

mis = colO[yy-1];
if (dna)

mis += (xbm[*px-'A"]&xbm[*py-'A])? DMAT : DMIS;
else

mis += _day[*px-'A"][*py~'A’];

/* update penalty for del in x seq;
* favor new del over ongong del
* ignore MAXGAP if weighting endgaps
s/
if (endgaps || ndely[yy] < MAXGAP) {
if (colO[yy] - insO >= dely[yy]) {
dely[yy] = colO[yy] - (insO+ins1);
ndely[yy] = 1;
}else {
dely[yy] -= insl;
ndely[yy]++;
}
}else {
if (colO[yy] - (insO+ins]) >= dely[yy]) {
dely[yy] = colO[yy] - (insO+insl);
ndely[yy] = 1;
} else
ndely[yyl++;
¥

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

ndelx =1;
}else {
delx -= insl;
ndelx++;
}

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

}

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

/

2008-519599 A 2008.6.12
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id=xx-yy+lenl -1;
if (mis >= delx && mis >= dely[yy])

coll[yy] = mis;

else if (delx >= dely[yy])

1
5

else {

coll[yy] = delx;
ij = dx[id].ijmp;
if (dx[id].jp.n[0] && (!dna || (ndelx >= MAXIMP
&& xx > dx[id].jp.x[j]+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);

H
1

5
dx[id].jp.n[ij] = ndelx;
dx[id].jp.x[ij] = xx;
dx[id].score = delx;

coll[yy] = dely[yy];
ij = dx[id].ijmp;

if (dx[id].jp.n[0] && (!dna || (ndely[yy] >= MAXIMP

&& xx > dx[id].jp.x[ij]1+MX) || mis > dx[id].score+DINS0)) {
dx[id].ijjmp++;
if (++ij >= MAXIMP) {
writejmps(id);
ij = dx[id].ijmp = 0;
dx[id].offset = offset;
offset += sizeof(struct jmp) + sizeof(offset);
}
3
dx[id].jp.n[ij] = -ndely[yy];
dx[id].jp.x[ij] = xx;
dx[id].score = dely[yy];

}
if (xx ==len0 && yy <lenl) {

H

/* last col
*/
if (endgaps)
colllyy] -= insO+ins1*(lenl-yy);
if (coll[yy] > smax) {
smax = coll[yyl;
dmax = id;

H
if (endgaps && xx < len0)

coll[yy-1] -= insO+ins1*(len0-xx);
if (coll[yy-1] > smax) {

smax = coll[yy-1];

dmax =id;

H

tmp = col0; col0 = coll; coll = tmp;

}
(void) free((char *)ndely);

(void) free((char *)dely);
(void) free((char *)col0);
(void) free((char *)coll);

o IW
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F1 (Bx)
/*
* 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[ |: 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 */
fidefine 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()
print
{
int Ix, ly, firstgap, lastgap; /* overlap */

if ((fx = fopen(ofile, "w")) == 0) {
fprintf(stderr,"%s: can't 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], lenl);

olen = 60;

Ix = len0;

ly =lenl;

firstgap = lastgap = 0;

if (dmax <lenl - 1) { /* leading gap in x */

ppl0].spc = firstgap = lenl - dmax - 1;
ly -= pp[0].spc;

elseif (dmax >lenl - 1) { /*leadinggapiny */
ppl1].spc = firstgap = dmax - (lenl - 1);
Ix -=pp[1].spc;

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

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

getmat(Ix, ly, firstgap, lastgap);
pr_align();

519599 A 2008.6.12

10

20

30

40



(35)
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/%
/

* trace back the best path, count matches

*//
static
getmat(lx, ly, firstgap, lastgap)
int Ix, ly; /* "core" (minus endgaps) */
int firstgap, lastgap; /* leading trailing overlap */
{
int nm, i0, i1, siz0, sizl;
char outx[32];
double pct;
register n0, nl;
register char *p0, *pl;

/* get total matches, score
*/

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

nl =pp[0].spc + 1;

nm = 0;
while ( *p0 && *pl){
if (siz0) {
pl++;
nl++;
siz0--;
}
else if (sizl) {

pO++;
n0++;
sizl--;
H
else {
if (xbm[*p0-'A"1&xbm[*p1-'A"])
nm++;
if (n0++ == pp[0].x[i0])
s5iz0 = pp[0].n[i0++];
if (nl++==pp[1].x[i1])
sizl = pp[1].n[il++];
pO++;
pltt;
}

}

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

*/
if (endgaps)

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

Ix=(Ix<ly)?Ix:ly;

pct = 100.*(double)nm/(double)ix;

fprintf(fx, "\n");

fprintf(fx, "<%d match%s in an overlap of %d: %.2f percent similarity\n",
nm, (nm == 1)?"": "es", Ix, pct);

JP 2008-519599 A 2008.6.12

getmat

10

20

30

40



(36) JP 2008-519599 A 2008.6.12

#F1 FX)

fprintf(fx, "<gaps in first sequence: %d", gapx); ...getmat
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);
1

]
if (dna)
fprintf(fx,
"\n<score: %d (match = %d, mismatch = %d, gap penalty = %d + %d per base)\n”,
smax, DMAT, DMIS, DINS0, DINS1);
else
fprintf(fx,
"\n<score: %d (Dayhoff PAM 250 matrix, gap penalty = %d + %d per residue)\n",
smax, PINSO, PINS1);
if (endgaps)
fprintf(fx,
"<endgaps penalized. left endgap: %d %s%s, right endgap: %d %s%s\n",
firstgap, (dna)? "base" : "residue”, (firstgap == 1)? "": "s",
lastgap, (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 j[2]; /* jmp index for a path */
static ncl2]; /* number at start of current line */
static ni[2]; /* current elem number -- for gapping */
static siz[2];
static char *psf2]; /* 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() */
p

/

* print alignment of described in struct path pp[ ]

*/
static
pr_align() pr_align
{
int nn; /* char count */
int more;
register i

for (i= 0,lmax =0;1<2; i++) {
nn = stripname(namex[i});
if (nn > Imax)
Imax = nn;

neli] =1

nifi]=1;

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

ps{i] = seqx[il;

poli] = out[i]; }
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for (nn = nm = 0, more = 1; more; ) { ...pr_align

for (i=more =0;1<2; i++) {
/*
* do we have more of this sequence?
*/
if (*ps[i])

continue;

more++; 10

if (pplil.spe) { /* leading space */

*pofil++="",
ppli].spe--;
1
5
else if (siz[i]) { /*inagap */
*pofif++ ="
siz[i]--;
}
else { /* we're putting a seq element
*/
*poli] =*ps[i];
if (islower(*ps[i]))
*ps[i] = toupper(*ps[i]):
polil++; 20
ps[il++;
/%
* are we at next gap for this seq?
®/
if (nifi] == pplilx[ij[ilD) {
/'>Z<
* we need to merge all gaps
* at this location
*/
sizfi] = pplilnfiflil++];
while (ni[i] = pp[il.x[ii[i]])
siz[i] += pplil-n[ij[il++1;
}
nifi]++; 30
¥
}
if (++nn==olen || Imore && nn) {
dumpblock();
for (i=0;i<2;i++)
poli] = out[i];
nn=0;
}
H
1
/*
* dump a block of lines, including numbers, stars: pr_align()
*/ 40
static
dumpblock()
dumpblock
{

register i;
for i=0;1<2;i++)
*poli]-- ="0";
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(veid) putc("\n', fx);
for i=0;1<2;i++){
if (*out[i] && (*out[i] I="" | *(po[il) I="'") {

if i==0)
nums(i);
if (i==0 && *out[1])
stars();
putline(i);

if (i==0 && *out[1])
fprintf(fx, star);
ifi==1)
nums(i);

* put out a number line: dumpblock()

*/
static
nums(ix)
int ix; /* index in out[ ] holding seq line */
{
char nline[P_LINE];
register i,J;
register char *pn, *px, *py;
for (pn =nline, i = 0; i <lmax+P_SPC; i++, pn++)
*pn ="
for (i = nc[ix], py = out[ix]; *py; py++, pnt+) {
if ((py ==""|| *py == ")
*pn=""
else {
if (i%10=0] (i=1&&nc[ix]=1){
J=0<0)?-:1;
for (px =pn; j; j /= 10, px--)
*px =j%10 +'0';
if (1<0)
#px ="'
¥
else
*pn —_11
i++;
3
}
*pn ="0';
nelix] =1;
for (pn = nline; *pn; pn++)
(veid) putc(*pn, fx);
(void) putc("\n', fx);
}
/*
* put out a line (name, [num], seq, [num]): dumpblock()
static
putline(ix)

int ix; {

JP 2008-519599 A 2008.6.12
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int i;
register char *px;

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

for (; 1 <lmax+P_SPC; i++)
(void) putc(' ', fx);

/* these count from 1:
*nif ]is current element (from 1)
* nel ] is number at start of current line
*/
for (px = out[ix]; *px; px++)

(void) putc(¥*px&0x7F, fx);
(void) putc("\n', x);

/fﬁ
* put a line of stars (seqs always in out[0], out[1]): dumpblock()

static
stars()
stars
{
int i
register char *p0, *pl, ex, *px;

if (*out[0] || (*out[0] =="" && *(po[0]) =="") ||
Pout[1] ]| (*out[1] =="" && *(po[1]) ==""))

return;

pX = star;

for (i = Imax+P_SPC; i; i--)
Fpx++=""

for (p0 = out[0], p1 = out[1]; *p0 && *pl; p0++, pl++) {
if (isalpha(*p0) & & isalpha(*pl)) {

if (xbm[*p0-'A"1&xbm[*p1-'A"]) {
cx ="
nm++;

}

else if (!dna && _day[*p0-'A"][*pl1-'A"] > 0)
cx=""

else

else
cx=""
*px++=cx;

}

*px++="n';
*px ="\0";

JP 2008-519599 A 2008.6.12
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* strip path or prefix from pn, return len: pr_align()

stripname(pn)

stripname
char *pr; /* file name (may be path) */
register char *px, *py;
py =0;
for (px = pn; *px; px++)

if C'px =="/")

py=px+1;

if (py)

(void) strepy(pn, py);
return(strlen(pn));

10
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/>Z<
* 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 "nw.h"
#include <sys/file.h>

char *iname = "/tmp/homgXXXXXX"; /* tmp file for jmps */
FILE *j;
int cleanup(); /* cleanup tmp file */

long Iseek();

/3%
/

* remove any tmp file if we blow

*/

cleanup(i)
int i;

{
if (£j)

(veid) unlink(jname);

exit(i);

}

/3%
/

* read, return ptr to seq; set dna, len, maxlen
1.1

* skip lines starting with ';', '<', or ">’
* seq in upper or lower case

*/

char *

getseq(file, len)
char *file; /* file name */
int *len; /* seq len */

{
char line[1024], *pseq;
register char *px, *py;
int natge, tlen;
FILE *p;

if ((fp = fopen(file,"r")) == 0) {
fprintf(stderr,"%s: can't read %s\n", prog, file);
exit(1);
¥
tlen = natgc = 0;
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) {

JP 2008-519599 A 2008.6.12

cleanup

getseq

fprintf(stderr,"%s: malloc() failed to get %d bytes for %s\n", prog, tlen+6, file);

exit(1);

3
pseq[0] = pseq[1] = pseq[2] = pseq[3] ="0";
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..getseq
py =pseq+4;
*len = tlen;
rewind(fp);
while (fgets(line, 1024, fp)) {
if (*line ==";" || *line == '<' || *line ==">")
continue;
for (px = line; *px !="n'; px++) {
if (isupper(*px))
Pyt =px; 10
else if (islower(*px))
*py++ = toupper(*px);
if (index("ATGCU",*(py-1)))
natgc++;
¥
}
Fpytt =107
*py ="0%
(void) fclose(fp);
dna = natgc > (tlen/3);
return(pseq+4);
}
char *
g_calloc(msg, nx, sz) g_Cﬂ“OC 20
char *msg; /* program, calling routine */
int nx, sz; /* number and size of elements */
{
char *px, *calloc();
if ((px = calloc((unsigned)nx, (unsigned)sz)) == 0) {
if (*msg) {
fprintf(stderr, "%s: g_calloc() failed %s (n=%d, sz=%d)\n", prog, msg, nx, sz);
exit(1);
¥
return(px);
}
30
/‘*
* get final jmps from dx[ ] or tmp file, set pp[ ], reset dmax: main()
*/
readjmps()
readjmps
{
int fd=-1;
int siz, 10, 11;
register 1, ], Xx;
if (1)) {
(void) fclose(f));
if ((fd = open(jname, O_RDONLY, 0)) <0) {
fprintf(stderr, "%s: can't open() %s\n", prog, jname); 40
cleanup(1);
}

1
5
for (i=10 =11 =0, dmax0 = dmax, xx = len0; ; i++) {
while (1) {
for (j = dx[dmax].ijmp; j >= 0 && dx[dmax].jp.x[j] >=xx; j--)
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if (j <0 && dx[dmax].offset && fj) {
(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;

..readjmps

H

else
break;

}

if (i >= JMPS) {
fprintf{stderr, "%s: too many gaps in alignment\n", prog);
cleanup(l);

¥
if G>=0){
siz = dx[dmax].jpn[j];
xx = dx[dmax].jp.x[j];
dmax += siz;
if (siz<0) { /* gap in second seq */
ppl1]nfil] = -siz;
XX += siz;
/Fid=xx-yy+lenl -1
*/
ppll]x[il] = xx - dmax + lenl - 1;
gapy++;
ngapy -= siz;
/* ignore MAXGAP when doing endgaps */
siz = (-siz < MAXGAP || endgaps)? -siz : MAXGAP;
il++;

elseif (siz>0){ /* gap in first seq */
ppl0].n[i0] = siz;
pp[0].x[i0] = xx;
gapx++;
ngapx += siz;
/* ignore MAXGAP when doing endgaps */
siz = (siz < MAXGAP | endgaps)? siz: MAXGAP;
10++;

else
break;

1

s

/* Teverse the order of jmps

for (j =0, i0--; j < i0; j++, i0--) {
i-= pp[0].n[j]; pp[0].n[j] = pp[0].n[i0]; pp[0].n[i0] = i;
i = ppl[01.x[j]: pp[0] <[] = pp[0].x[i0: pp[0].x[i0] = i;

}

for =0, il--;j <il; j++, il--) {
i = pp[1].n[j]; pp[1].nfi] = pp[1]a[il]; pp[{lnfil] =i
i = ppl11.x[: ppl11-x[] = ppl1]x[il]; ppl1]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)
writejmps
int iX;
{
char *mktemp();
if (165) {
if (mktemp(jname) < 0) {
fprintf(stderr, "%s: can't mktemp() %s\n", prog, jname);
cleanup(1);
i
if ((fj = fopen(jname, "w")) == 0) {
fprintf(stderr, "%s: can't write %s\n", prog, jname);
exit(1);
3
(void) fwrite((char *)&dx[ix].jp, sizeof(struct jmp), 1, j);
(void) fwrite((char *)&dx[ix].offset, sizeof(dx[ix].offset), 1, fj);
}
googooao
£2
PRO87299 XXXXXXXXXXXXXXX EE=15TI /8
thge & R E XXXXXYYYYYYY ES=127I8

% 7 X/ BRECSIIA — 1 =

(ALIGN2 IZ X o> THRELEZODOR Y XFF FEFIHTE L —HT57 I VBBEOK)
+ (PRO8T299 R U XTF FOLT I JBEEOWRE) =
5+ 15=33.3%

#3
PRO87299 XXXXXXXXXX EE=10T7I/8
e VA Y XXXXXYYYYYYZZYZ (FEE=1573I/8)

% 7 X BRELAIIR P =

(ALIGN22 Z X > TIRELEZO0OR Y RFF REFIITE L —ET57 IV BELEOK)
=+ (PRO8T299 R Y _T7F FOLT I ) BEBEEOREK) =
5+ 10=50%
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% KEERELSR — 1 =

(ALIGN:2 {2 X > TRE L= OEBESIR TE L —&HT I X7 L A4F FO%)
+ (PROS87299-DNA EBEHIDEX 7 L AF FO#HE) =

6+ 14=42.9%
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%6
TLOFRIE Bl HE LW ES
Ala (A) val; leu; ile val
Arg (R) lys; gln; asn lys
Asn (N) gln; his; lys; arg gln
Asp (D) glu glu
Cys (O) ser ser
Gln (Q) asn asn
Glu (E) asp asp
Gly (G) pro; ala ala
His (H) asn; gln; lys; arg arg
e (I) leu; val; met; ala; phe;
I leu
Leu (L) JnaAi s dle; val;
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uggoao

COTCEGTTCTATCGATTGARTTCATEAAGACATTGCCTGCCATGCTTGGARCTGGGARAT
PATTTTGGETCTTCTTCTTAATCCCATATCTGGACATCTGGAACATCCATGGGARAGART
CATGTGATGTACAGCTTTATAT: 'TCTGAACACTCCATCT TAGCA GATC
COTTTGAACTAGAATGCCCTGTGARATACTGTGCTAACAGGCCTCATGTGACTTGGTGCA
AGCTCAATGGAACARCATGTGTARAACTTCAAGATAGACAAACAAGTTGGA
AGAACATTTCATTTTTCATTCTACATTTTGAACCAGTGCTTCCTAATGACAATGGGTCAT
ACCGCTGTTCTGCARATTTTCAGTCTAATCTCATTGAARGCCACTCARCARCTCTTTATG
PGACAGATGTAARAAGTGCTTCAGAACGACCCTCCAAGGACGARRTEGCARGCAGACCCT
GCCTCCTGTATAGTTTACTTCCTTT TTGCCTCTACTCATCACTACCTGTTTCT
GCCTGTTCTGCTGCCTGAGRAGGCACC GCARAATGAACTCTCTGACACAGCAG
GAAGGGAARTTARCCTGGTTGATGCTCACCTTAR T ACAGBACCAAGCAC!
GGCAAAATTCCCARGTACTGCTATCAGARACTGGAARTTTATGATAATGACCCTGACCTTT
GTTTCAGAATGCAGGAAGGETCTGARGTTTATTCTAATCCATGCCTGGAAGRAAACRRAC
CAGGCATTGTTTATGCTTCCCTGAACCATTCTCTCATTGGACTGAACTCAAGACTGGCAA
GAAATGTAARAGAAGCACCAARCAGRATATGCATCCATATGTGTGAGCGAGTIAAGGATCCT
CTAGAGTCGACCTGCAGARGCTIGGCCGCCATGECCCAACTTGTTTATTGCAGCTTATAR
GTGTTACABATAAACAAATAATATTTCTCAATTTGAGAATPTTTACTTTAGARATGTTCA
TGTTAGTGCTT TCTGAAGGGTCCAT. TGATTARRART

oggoano

oggoao

uggoano

MKTLPAMLGTGKLFWVFFLIPYLDIWNIHGKESCDVOLY IKROSEHS ILAGDPFELECPV
KYCANRPHVTWCKLNGTTCVKLEDRQTSWKEEKNT SFFILHFEPVLPNDNGSYRCSANFQ
SNILIESHSTTLYVTDVKSASERPSKDEMASRPWLLYSLLPLGGLPLLI TTCFCLFCCLRR
HQGK.Q'NELSDTAGREINLVDAHLKSEQTEASTRQNSQVLLSETG T YDNDPDLCFRMQEGS
EVYSNPCLEENKPGIVYASLNHSVIGLNSRLARNVKEAPTEYASICVRS
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GGTTTCCTCTGAGAT TGAAGGACCCAGGCECTCTCAGCCCTGCTCCAGACACCTTGGGCAT
GGAGGAGAGTGTCGTACGGCCCTCAGTGTTTGTGGT TGGACAGACCGACATCCCATT
CACGAGGCTCGGACCAAGCCACCGGAGACAGTCCTCCAGTETGECCCEEETGEETCTGEG
TCTCTTGCTGTTGCTGATGEEGECCEGGCTEECCETCCARGECTCETTCCTCCTGUAGCT
GCACTGGCGTCT. TGGTCACCCGCCTECCTGACGGACCTGCAGGCTCCTGGGA
GCRGCTGATACAAGAGCGAAGGTCTCACCAGETCAACCCAGCAGCGCATCTCACAGGGEC
CAACTCCAGCTTGACCGGCAGK 'CGCTGTTAT TCAGCTGGGCCTGGC
CTTCCTEAGGEGCCTCAGCTACCACGATGGGECCCTTGTGGTCACCARAGCTGGCTACTA
CTACATCTACTCCAAGGTGCAGCTEGGCGETGTCEECTECCCECTGEGCCTGGCCAGCAC
CATCACCCACGGCCTCTACARGCGCACACCCCGCTACCCC TGEAGCTGTTGGT
CAGCCAGCAGTCACCCTGCEGACGGGCCACTCAGCAGCTCCCGEGTCTGET CAGCAG
CTTCCTGEGTGETGTEGTACACCTGEAGEL! CETGTGCTGE!
TGAACGCCTGGTTCEGACTECETEGATGGTACCCGETCTTACTTCGEEGCTTTCATGGTGEE
AAGE GAGCGTGGT! TT IGGGTCTCACAC CTCA GCCT
CAGGGGAAAGAARACTCACGARGCAGAGGCTEGECETEETGECTCTCECCTGTAATCCCA
GCACTTTGGCAGGCCAAGGCAGGCGGATCACCTGACGGTCAGGAGTTCEAGACCAGCCTEG
CTAACATGGCAARACCCCATCTCTACTAAAAATACAARARTTAGCCGGACCTGETGGTGC
CTGCCTGTAATCCAGCTACTCAGGAGGCTGAGGCAGGATAATTTTGCTTARACCCEGGAG
GCGGAGGTTGCAGTGAGCCEAGATCACACCACTGCACTCCARCCTECCRARCCCAGTGAG
ACTGTGCCTCARAARAARG

MEESVVRPSVFVVDGQTDI PFTRLGRSHRROSCSVARVGLGLLLLLMGACLAVQGWFLLQ
LHWRLGEMVTRLPDG QOLIQERRSH AHLT T LWETQLGL
AFLRGLSYHDGALVVTKAGYYYIYSKVQLGGVGCPLGLASTI THGLYRRTPRYPEELELL
VSQOSPCGRAT RVWWDS SFLGGVVHLEAC RVLDERLVRLRDGTRSYFGAFMV
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L
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GCCECAGCAATGECECTCACTTCCTCTGCTGGAGTTCATCCTGCTAGCTGGGTTCCCGAG
CTGCCGGTCTGAGCCTBAGGCATGGAGCCTCCTGGAGACTGBGGECCTCCTCCCT GA
TCCACCCCCAGAACCGACGTCTTGAGECTGETGCTETATCTCACCTTCCTGGGAGCCCCC
TGCTACGCCCCAGCTCTGCCGTCCTGCAAGGAGGACGAGTACCCAGTGGECTCCGAGTGC
TGCCCCAAGTGCAGTCCAGGTTATCGTGT GGAGGCCTGC 'TGACGGGCAC]
GTGTCTGAACCCTGCCCTCCAGGCACCTACATTGCCCACCTCARTGGCCTARGCARGTCT
CTGCAGTGCCAAATGTGTGACCCAGCCATGEECCTECECECCAGCCEGAACTGCTCCAGG
ACAGAGABCCCCGTGTETEGCTECAGCCCAGGCCACTTCTGCATCGTCCAGGACGGGGAL
CACTECECCGCEGTGCCGCEGCTTACGCCACCTCCAGLCCGGGTCC TGCAGAA
GGCACCGAGAGTCAGGACACCCTGTGTCAGRACTGCCCCCCGGGGACCTTCTCTCCCART
GGGACCCTGGAGGAATGTCAGCACCAGACCARGTGIAGCTCGCTGETGACGARGGCCGGA
GCTGGGACCAGCAGCTCCCACTGGGTATGETGGTTTCTCTCAGGGAGCCTCGTCATCGTC
ATTETTTGCTCCACAGTTGGCCTAATCATATGTGTGAARAGARGAARGCCAAGGGGTGAT
GTAGTCAAGGTGATCETCTCCGTCCAGC AGAC] "AGAAGGTGAGGCCACA
GTCATTGAGCCCCTGCAGGCCCCTCCRGACGTCACCACGETCECCCTGEAGGAGACARTA
CCCTCATTCACK CC: CACTGACCCACAGACTCTGCACCCCGACGCCAG
AGATACCTGGAGCGACGGCTGCT! GAGGCTGTCCACCTGGCEAARCCACCGGRAGCCC
GGAGGCTTGEEGEECTCCECCCTGGGCTGE
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MEPPGDWGPPPWRSTPRTDVLRLVLYLTFLGAPCYAPALPSCKEDEYPVGSECCPKCSPG
YRVKEACGELTGTVCEPCPPGTYIAHLNGLSKCLOCOMCDPAMGLRASRNCSRTENAVCG
CSPGHFCIVQDGDHCAACRAYATSSPAORVOKGGTESQDTLCONCPPGTFSPNGTLEECQ
HQTKCSWLVTKAGAGTSSSHWVWWFLSGSLVIVIVCSTVGLIT CVKRRKPRGDVVKVIVS
VORKRQEAEGEATVIEALQAPPDVTTVAVEETIPSFTGRSPNH
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ATGARGACATTECCTGCCATGCTTGGAACTGGGARATTATTTTEGGTCTTCTTCTTAATCCCATATCTGGAC
ATCTGGARCATCCAT! TCATGTGATGTACAGCTTTATAT: TCTGAACACTCCATC
TTAGCAGGAGATCCCTTTGAACTAGRATGCCCTGTGARATACTGTGCTAACAGGCCTCATGTGACTTGGTGC
AAGCTCAATGGAACAACATGTGTAAARCTTGAAGATAGACAAACAAGTT! AGAACATTTCA
TTTTTCATTCTACATTTTGAACCAGTGCTTCCTAATGACAATGGGTCATACCGCTETTCTGCAAATTTTCAG
TCTAATCTCATTG: GCCACTCAACAACTCTTTATGTGAC ABTGARCTCTCTGACACAGC;
GGAAGGCAAATTAACCTGETTGATECTCACCTTARGAGTGAGCARACAGAAGCAAGCACCAGGCARRATTCC
CAAGTACTGCTATCAGARACTGGAATTTATGATAATGACCCTGACCTTTGTTTCAGCATGCAGGARGGGTCT
GARGTTTATTCTAATCCATGCCTGCAAGARAACAAACCAGGCATTGTTTATGCTTCCCTGARCCATTCTGTC
ATTGGACTGAACTCAAGACTGCCAAGARATGTAAAAG: CCAARCAGARTATGCATCCATATGTGTGAGG
AGTTAR

oo

MKTLPAMLGTGKLFWVFFLTPYLDIWNIHGKESCDVQLYIKRQSEHSILAGDPFELECPVKYCANR
PHVTWCKLNGTTCVKLEDRQTSWKEEKN I SFFILHFEPVLPNDNGSYRCSANFQSNLIESHSTTLY
VTGKQNELSDTAGREINLVDAHLKSEQTEASTRONSQVLLSETGI YDNDPDLCFRMOEGSEVY SNP
CLEENKPGIVYASLNHSVIGLNSRLARNVKEAPTEYASICVRS
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ATGAAGACATTGCCTGCCATGCTTGGARCTGGGARATTATTTTGEGTCTTCTTCTTAATCCCATATCTGGAC

ATCTGGAACATCCATGGGAAAGAATCATGTGATGTACAGCTTTATATARAGRGACARTCTGARCACTCCATC N
TTAGCAGGAGATCCCTTTGAACTAGAATGCCCTGTGARATACTGTGCTRACAGGCCTCATGTGACTTGGTGC
AAGCTCAATGGARCAACATGTGTARAACTTGRAGATAGRCARACARGT T G GAACATTTCA 101225
T PTTTCATTCTACATTTTGARCCAGTGCTTCCTAATGACAATGGGTCATACCGCTGTTCTGCABATTTTCAG 1013.85
TCTARTCTCATTGAAAGCCACTCAACAACTCTT TATGTGACAGCATTTACTAACAT TCCACATGTARARAGT foz0i0
GCCTCAGAACGACCCTCC: CGAAATGGCAAGCAGACCCTGGCTCCTGTATAGTTTACTTCCTTTGGGE Jrenns
GGATTGCCTCTACTCATCACTACCTGTTTCTGCCTGTTCTGCTGCCTGAGARGGCACCAAGGARAGCAAAAT 107551
GAACTCTCTGACACAGCAGGAAGGGAAATTAACCTGGTTGATGCTCACCTTAAGAGTGAGCARACAGRAGCA 1oross
AGCACCAGGCADAATTCCCAAGTACTGCTATCAGARACTGEAATT TATGATAATCACCCTCACCTTTGTTTC e
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