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J*

*

* C-C increased from 12 to 15
* Z is average of EQ
* B is average of ND

* match with stop is _M; stop-stop = 0; J (joker) match = 0

*/

#define

I* value of a match with a stop */
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1%
*/

#include <stdio.h>
#include <ctype.h>
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MAXIMP 16 /* max jumps in a diag */

#define
#define MAXGAP 2%4 {* don't continue to penalize gaps larger than this */
fdefine JMPS 1024  /* max jmps in an path */
#define MX 4 /* save if there's at least MX-1 bases since last jmp */
#define DMAT 3 /* value of matching bases */
#define DMIS 0 /* penalty for mismatched bases */
fidefine DINSO 8 1* 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 nfMAXIMP]; /* size of jmp (neg for dely) */

unsigned short  x[MAXJMP];

1* base no. of jmp in seq x */

% [* 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 i /* list of jmps */
5
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) */
I8
char *ofile; /* output file pame */
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 segs */
char *calloc(), *malloc(), *index(), *strcpyQ;
char *getseq(), *g_calloc();
ooooono
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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
Qutput is in the file "align.out”

L BN B R R AR

*

* 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

*] .

#finclude "nw.h"

#include "day.h"

static _dbval[26] = {
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
}H .

static _pbval[26] = {
1L 2)(1< <(D-AN|(1< <(N'-'A"), 4, 8, 16, 32, 64,
128, 256, OXFFFFFEF, 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< <CE~'AD|(1 < <('Q-'A")
18

main{ac, av) . . main
int ac; i
char *av(];

prog = av[0];

if(ac1=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], &lenO);
seqx[1] == getseq(namex[1], &lenl);
xbm = (dna)? dbval : pbval;

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

w(; /* fill in the matrix, get the possible jmps */
readjmpsQ; * get the actual jmps */
printQ; I* print stats, alignment ¥/

cleanup(0); /* uplink any tmp files */

oooooao
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1 lt

/* 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 pew gap to extending an ongoing gap, and prefer a gap in seqx

*toagapinseqy.

*/

nw()

{
char *px, *py; /* seqs and pirs ¥/
int *ndely, *dely; /* keep track of dely */
int ndelx, delx; /* keep track of delx */
int *tmp; /* for swapping row0, rawl */
int mis; /* score for each type */
int ins0, insl; /* insertion penalties ¥/
register id; ' /* diagonal index */
register ijs /* jmp index */
register *col0, *coll; /* score for curr, last row */
register XX, YY; /* index into seqs */

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

ndely = (int ¥)g_calloc("to get ndely”, lenl+1, sizeof(int));

dely = (int *)g_calloc("to get dely”, lenl +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;

ins1 = (dna)? DINSI : PINSI; :

smax = -10000;
if (endgaps) {
for (col0[0] = dely[0] = -insO, yy = 1; yy <= lenl; yy++) {
colOfyy] = delylyy] = colOfyy-1] - insl;
ndelylyy] = 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) {
fxx==1)
col1[0) = delx = -(ins0+insl);
else
col1[0] = delx = col0[0] - ins1;
ndelx = xx;
}
else {
col1[0] = O;
delx = -insO;
ndeix = 0;
} .

gogoooaad
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1 =

o

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

oooooao

mis = colOfyy-1];
if (dna) .
s mis += (xbm{*px-'A'J&xbm([*py-'A'])? DMAT : DMIS;
(-]
mis +=_day[*px-'A'][*py-'A'];

/* update penalty for del in x seq;

* favor new del over ongong del

* ignore MAXGAP if weighting endgaps

*/
if (endgaps | | ndelylyy] < MAXGAP) {

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

dely{yy] = colO[yy] - (insO-+insl);

ndelylyy] = 1;

dely[yy] -= insl;
ndely[yy}++;

}else {

3 else {

if (colO[yy] - (ins0-+ins1) > = dely[yy]) {
dely[yy] = colOlyy] - (ins0-+ins1);
ndely[yy] = 1;

ndely[yyl++;

} else
}

/* update penalty for del in y seq;
* favor new del over ongong del
*/ .
if (endgaps | | ndelx < MAXGAP) {
if (collfyy-1] - insO > = delx) {
delx = collfyy-1] - (insO-+insl);

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

if (collfyy-1] - (insO+insl) > = delx) {
delx = collfyy-1] - (insO+insl);
ndelx = 1;

Jelse

ndelx+ +;

}

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

JP 2009-278996 A 2009.12.3
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id = xx-yy + lenl - 1;
if (mis > = delx && mis > = dely[yy])
coll[yy] = mis;
else if (delx > = dely(yy]) {
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);
}

} .
dx[id].jp.n[ij] = ndelx;
dx[idl.jp.x[ij] = xx;
dx[id].score = delx;
}
else {
collfyy] = delyfyyl;
ij = dx[id].ijmp;
. if (dx[id].jp.nf0] && (ldna | ] (ndely[yy] >= MAXIMP
&& xx > dx[id).jp.x{ij] +MX) | | mis > dx{[id].score+DINS0)) {
dx[id].ijoop++;
if (++ij >= MAXIMP) {
) writejmps(id);
ij = dx[id).ijmp = O;
dx[id].offset = offset;
offset + = sizeof(struct jmp) + sizeof(offset);
} ’ i
dx[id].jp.nfij] = -ndelylyyl;
dxfid].jp.x[ij] = xx;
dx[id].score = delyfyyl;

}
if (xx == len0 && yy < lenl) {
/% last col

*/
if (endgaps)
coll[yy] -= insO+insl*(lenl-yy);
if (coll[yy] > smax) {
smax = coll[yy];
dmax = id;

}

3
if (endgaps && xx < len0)
collfyy-1] -= insO+insl*(len0-xx);
if (coll[yy-1] > smax) {
. smax = coll[yy-1};
dmax = id;
} .
tmp = col0; col0 = coll; coll = tmp;

}

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

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

(void) free((char *)colO);

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

oooooao
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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: printQ

* dumpblock() ~ dump a block of lines with munbers, stars: pr_align()
* pums() -- put out a number line: dumpblock()

* putline() — put out a line (name, [mum], seq, [oum]): dumpblock()

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

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

*/ .

‘Finclude "nw.h"

#define SPC 3
#define P_LINE 256 /* maximum output line */

#define P SPC 3 /* space between name or oum and seq */
extern _day[26][26];

int olen; /* set output line length */

FILE  *x; /* output file */

I{’ intQ

int Ix, ly, firstgap, lastgap; /* overlap */

if ((fx = fopen(ofile, "w")) == 0) {
fprintf{stderr,” %s: can't write %s\n", prog, ofile);
cleanup(l);

H

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 inx ¥/
ppl0l.spc = firstgap = lenl - dmax - 1;
ly -= pp[0].spc;

}

else if (dmax > lenl - 1) { /*leading gap iny */
ppll].spc = firstgap = dmax - (Jenl - 1);
Ix -= pp[1].spc;

H .

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_alignQ;
}
Ooo0oo00ooao
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1 PG
/*
* trace back the best path, count matches
*/ .
static ,
getmat(lx, ly, firstgap, lastgap)
int Ix, ly; /* "core" (minus endgaps) */
int firstgap, lastgap; . I'* leading trailing overlap */
{ .
int nm, i0, il, siz0, sizl;
char outx[32];
double pet;
register D, nl;

register char *p0, *pl;

/* get total matches, score

*/

10 = il = siz0 = sizl = 0;
pO = seqx[0] + pp(1].spc;
pl = seqx{1] + pp[0].spc;
n0 = pp{l].spc + 1;,

nl = pp[0].spc + 1;’

nm = 0;
while ( *p0 && *pl ) {
if (siz0) {
pl++;
nl++;
siz0--;
H
else if (siz1) {
pO+++;
o0++;
sizl—;
}
else {
if (xbm[*p0-'A']&xbm[*p1-'A'])
nmm++;
if 0+ + == pp[0].x[i0])
[ §iz0 = pp[0].n[i0++];
if (n1++ == pp[l]l.x[l])
sizl = pp[1].nfil++];
pO++;
pl++;
}
}
1* pet ﬁomology:

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

*/
if (endgaps)

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

k=>00x<ly)?k:ly;
pet = 100.*(double)nm/(double)lx;
fprintf(x, "\n");

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

nm, (nm == 1)? "" : "es", Ix, pet);

guooodoaad
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1 PIIL

fprintf{fx, ¥ < gaps in first sequence: %d", gapx); . seegetmat
if (gapx) {
(vold) 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)
Tprintf(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 matrix, gap pénalty = %d 4 %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”, (Jastgap == 1)? "" : "s");
else
fprintf(fx, " <endgaps not penalized\n”);
}
static nm; /* matches in core -~ for checking */
static Imax; /* lengths of stripped file names */
static iil2l; /* jmp index for a path */
static ncf2]; /* number at start of current line ¥/
static nif2); {/* current clem 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() */
* ’ ‘
* print alignment of described in struct path pp[]
*/
static .
pr_alignQ pr_align
{ .
int n; /* char count */
int more;
register i;

for(i= 0,lmax =0;i < 2;i++){
nn = stripname(pamex[i]);
if (on > lmax)
Imax = nn;

ncfi] = 13

nifi] = 1;

sizfi] = ijfi] = 0;

psli] = seqx{i];

poli] = out[i}; }

gogoooaad
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1 li=

for (nn = nm = 0, more = 1; more; ) {
' for (i = more = 0;i < 2; i++) {

/*
* do we have more of this sequence?
*/
if (1*psfiD)
continue;
more+-+;
if (ppli].spe) { /* leading space %/
*polij++ = ;
; peli].spc~;
else if (sizli) { /*inagap*
*pofi]++ = -
sizli}—
}
. else { /* we're putting a seq element
*/
*pofi} = *pslil;
if (islower(*psfil))
*psli] = toupper(*ps[il);
poli)++;
psfi]++;
1%
* are we at next gap for this seq? !
*/
if (nifi] =; pphl.x[{HID {
* we need to merge all gaps
* gt this location
¥ .
siz{i] = pp(il.nfij[i]++];
while (ni[i] == pp[il.x[jlilD)
) siz[i] += pplil.nfijlil + +1;
nifij+ +;
}

if (4 +nn == olen | | !more && nn) {
dumpblock(;
for (i=0;i<2;i++)

nn = 0;

}
/*

poli] = out[i);

* dump a block of lines, including numbers, stars: pr_alignQ

¥/
static
dumpblock().
{
register i;
for ( =0;i < 2;i++)
*pofi]- = "\0";

gogoooaad
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...dumpbloeck
(void) pute('\n’, fx);
for(i=0;i<2;i++){
if (*outli] && (*outli] I="" || *(pofi) !I="") {
ifi==0)
* nuims(i);
if (i == 0 && *out[1})
starsQ;
putline(i);
if G == 0 && *out[1])
fprintf(fx, star); )
ifi==1) 10
nums(i);
}
}
}
/*
* put out a pumber line: dumpblock()
¥/
static
nums(ix) ' nums
int ix; /* index in out[] holding seq line */
{
char nline[P_LINE];
register i, j;
register char *pn, *px, *py; 20
for (pn = nline, i = 0; i < Imax+P_SPC; i++, pnt++)
*pn = bR
for (i = nc[ix], py = out[ix]); *py; py++, pn++) {
ifGpy ==""[| *py == ")
*pn = 1 I;
else {
%10 ==0]]| == 1 && ncfix] I= 1)) {
J=0<0)?-i:i;
for (px = pn; j; j /= 10, px--)
*px = j%10 + '0';
ifi<0)
*px = -t
}
“else .
*pn -— t ': .
i++; 30
H
}
*pn - '\0';
nefix] = i;
for (pn = nline; *pn; pn++)
(void) putc(*pn, fx);
(void) putc("\n', £x);
H
/#
* put out a line (name, [num], seq, [mun]): dumpblock()
*/ .
static
putline(ix) putline- 40

nt ix; {

gogoooaad
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int i;
register char *px;

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

for (; i < Imax+P_SPC;i++)
(void) putc(’ *, x);

/* these count from 1:
* ni[] is current element (from 1)
* nc(] is number at start of current line

*/
for (px = out[ix]; *px; px++)
(void) putc(*px&0x7F, fx);
(void) putc('\n’, £x);
} .
%
* put a line of stars (seqs always in out[0], out{1]): dumpblockQ
*/
static
stars()
{
int i;
register char *p0, *pl, cx, *px;
if (*out[0] |] (*outf0] =="" && *(pof0]) =="") ||
trout{1] || (*out[1] == "' && *(po[1]) =="")
return;
‘px = star;
for (i = Imax+P_SPC; i; i~)
*px++ ="
for (p0 = out[0], pl = out{1]; *p0 && *pl; pO++, pl++) {
if (isafpha(*p0) && isalpha(*p1)) {
if (xbm[*p0-'A'J&xbm[*p1-'A']) {
cX = '..v;
. om++;

3
else if (Idna && _day[*p0-'A'][*pl-'A’] > 0)

cx ="'.";
else
cx = * c;
}
else
cx=""
*px+4 = cx;
}
*px++ = "\n';
*px = "\0';
}
Ooo0o0o0ooao
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/*
* strip path or prefix from pn, return fen: pr_align()
*/
1static
stripname(pn) .
char *pn; /* file name (may be path) */
{
register char *px, *py;
¥
py = 0;
for (px = pn; *px; px++)
if (\px == "1")
py=px+1;
it (py) '
(void) strepy(pn, py);
return(strien(pn));
H

goooooao
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/*

* cleanup() — cleanup any tmp file

* getseq() -- read in seq, set dna, len, maxien

* g_calloc( - calloc() with error checkin

* readjmps() - get the good jiops, from tmp file if necessary
* writejmps() -- write a filled array of jmps to a tmp file: owQ
*/

#include "nw.h"
#nclude <sys/file.h>

char  *jname = "/tmp/homgXXXXXX"; /+ tmp file for jmps */
FILE *fj; ' {
° int cleanup(); /* cleanup tmyp file */
long Iseek();
/*
* remove any tmp file if we blow
*/
cleanup(i)
int i;
if (5) :
(void) unlink(jname);
exit(i);
/*

* read, return ptr to seq, set dna, len, maxien
* skip lines starting with ';’, ' <, or ' >"

* seq in upper or lower case

*

]
char *
getseq(file, len) -

char *ile; /* file name */
int *len; /* seq len ¥/

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

if (fp = fopen(file,"r")) == 0) {
fprintf(stderr," %s: can't read %s\n", prog, file);
exit(1);
3
tlen = natge = 0;
while (fgets(line, 1024, ) {
if (Mine == ';' || Hine == '<"' |] *line ==
continue;
for (px = line; *px != "\n'; px++)
if (isupper(*px) | | islower(*px))
tlen++;

}
if (pseq = malloc((unsigned)(ten+6))) == 0) {

(47)

' |)
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cleanup

gefseq

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

exit(1);

}
pseq[0] = pseq[1] = pseq(2] = pseq[3] = "\0';
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1 U >
... getseq
py = pseq + 4;
*len = tlen;
rewind(fp);
while (fgets(line, 1024, fp)) {
if (Hline == ';" || *line == '<' || *ipe == ">")
continue;
for (px == line; *px I= "\n'; px++) {
if (isupper(*px))
*py++ = Ypx;
else if (islower(*px))
*py++ = toupper(*px);
if (index("ATGCU",*(py-1)))
matge++;
}
}
*py++ = \0";
*py = "\0’;
(void) fclose(fp);
dna = natgc > (tlen/3);
return(pseq-+4);
}
char *
g_calloc(msg, nx, s2) i g calloc
char *msg; /* program, calling routine */
. int nx, 5z; /* number and size of elements */
{ .
char *px, *callocQ;
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);
/Ql
* get final jmps from dx[] or tmp file, set pp[], reset dmax: main)
*/
readjmps() readjmps
{ .
int fd = -1;
int siz, i0, i1;
register i, j, xx;
if ) {
(void) fclose(fj);
if ((fd = open(jname, O_RDONLY, 0)) < 0) {
fprintf(stderr, "%s: can't open() %s\n", prog, jname);
cleanup(1);
) H
for (i = i0 = il = 0, dmax0 = dmax, xx = len0; ; i-++) {

gogoooaad

while (1) {

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

’
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Table 1 (cont’)

if (| < 0 && dx[dmax].offset && fi) {
(vold) Iseek(fd, dx[dmax].offset, O);
(vold) read(fd, (char *)&dx[dmax].jp, sizeof(struct jmp));

JP 2009-278996 A 2009.12.

...readjmps

(void) read(fd, (char *)&dx[dmax].offset, sizeof(dx[dmax].offset));

dx[dmax].ijmp = MAXIMP-1;
}
else

break;

}

if (i > = JMPS) {
fprintf(stderr, *%s: t00 many gaps in alignment\n", prog);
cleanup(1);

}
#H(G>=0){
siz = dx[dmax].jp.n[j);
xx = dx[dmax].jp.x[];
dmax + = siz;
if (siz < 0) { . I* gap in second seq */
pp(1}.nfil] = -siz;
. XX += siz;
J¥id = xx-yy + lenl - 1
*/
pp(1].x[i1] = xx - dmax + lenl - 1;
gapy++; ‘
. ngapy -= siz;
1* ignore MAXGAP when doing endgaps */
siz = (-siz < MAXGAP || endgaps)? -siz : MAXGAP;
il+-+;

}
else if (siz > 0) { /* gap in first seq */
ppl0].nfi0] = siz;
pPI0]1.x[i0] = xx;
gapx++;
ngapx += siz;
/* ignore MAXGAP when doing endgaps */
. siz = (siz < MAXGAP || endgaps)? siz : MAXGAP;

i0++;
H
}
else
break;
3
/* reverse the order of jmps
*/

for § = 0, i0~; j < i0; j++, i0-) {
i = pp[0}.n[j]; pp(0].nfj] = pp(0)-u[i0}; pp(0].nfi0) = i;
i = ppl[0).x[j]; ppl0}.x{i] = pp[0].x[i0}; pp(0].x[i0] = i

for G =0, il j < il; j++, il-) { :
i = pp(1].nfj]; ppl1].nfj] = ppl[L].nfil); pp[1].ofil] = i;
i = pp{1].x[jl; pp{1].x[] = pplt].x[i1]; ppl1].xiL] = s

}
if(fd >=0)
: (void) close(fd);
it () {
(void) unlink(jname);
fj=0;
offset = 0;

gogoooaad
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1(%x

/*
* write a filled jmp struct offset of the prev one (if any): nw(}
*/ .

writejmps(ix) writejmps
int ix;
{
char *mktemp();
if () {
if (mktemp(jname) < 0) { .
fprintf(stderr, " %s: can't mktemp() %s\n", prog, jname);
cleanup(1);

if ((ij = fopen(inamc,."w")) ==0) {
fprintf(stderr, " %s: can't write %s\n", prog, joame);
exit(l);

} .
(vaid) fwrite((char *)&dx[ix].jp, sizeof(struct jmp), 1, fj);
(void) fwrite((char *)&dx[ix].offset, sizeof(dx[ix].offset), 1, f);

}
Oo0oooo
&2
PRO XXXOOOOKKKK (BE=15 73/8)
28 T VA XXXXXYYYYYYY (EE=1273/8

% 7 X/ EEEI-

(ALIGN2 IZ L » THREEN, Z2DOR Y R7F FEFIOM T LT I/ BEEOK + (PRO

RYRXTF ROT I ) BBREOKRE) =

5 + 15=133.3%
Oo0oooo
#3
PRO XOKKKKKXXK (BE=10 73 /8
20 AV XOXXXYYYYYYZZYZ EE =15T73I/8)

% 7 I/ RFIE—M =

(ALIGN2 IZ Lo THRE SNz, Z 2D AR U RFF FEFIOB T—HK L7 I /BEEOH <+ (PRO

RYURTF ROT I BEEOKRE) -

5 =+ 10=50%
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*® 4
PRO - DNA NNNNNNNNNNNNNN (BRE =14 X VLFTFF)
H#R DNA NNNNNNLLLLLLLLLL (EX =16 X7 VAFF)

% EEREECSIR—E =

(ALIGN2 2k » THREEN-, ZHOOBBEEFIDOBT—RLEX Y LAF FoK) =+ (PRO - DNA
RIS DX 7 LATF FOKRE) =

6 + 14=42.9%
Ooooooo
# 5
PRO - DNA NNNNNNNNNNNN EBE =12 XZLVFFR)
H#: DNA NNNNLLLVV (Length=9 X7 VA4 F K)

% HZRRERSIR—E =

(ALIGN2 IZ & »THREENZ, ZHoOKBESIOMT—& L7ZX 7 L AF FO%K) + (PRO - DNA
BBESIDOX I UAF FOBRE) -

4 +12=33.3%
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£6
EORE Bl HE LOER
Ala (A) val; leu; ile val
Arg (R) lys; gln; asn lys
Asn (N) gln; his; lys; arg gln
Asp (D) glu ghu
Cys (O ser ser
Gln (Q) asn asn
Glu (E) asp asp 10
Gly (G) pro; ala ala
His (H) asn; gln; lys; arg arg
Ile (I) leu; val; met; ala; phe;
Jnag sy leu
Leu (L) JnaA v ile; val;
met; ala; phe ile
Lys (K) arg; gln; asn arg
Met (M) leu; phe; ile leu
Phe (F) leu; val; ile; ala; tyr leu
Pro (P) ala ala
Ser (S) thr thr
Thr (T) ser ser 20
Trp (W) tyr; phe tyr
Tyr (Y) trp; phe; thr; ser phe
Val (V) ile; leu; met; phe;
ala, s raqsy leu
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AGGCGGGCAGCAGCTGCAGGCTGACCTTGCAGCTTGGCGGAATGGACTGGCCTCACAACCTGCTGTTTCTT
CTTACCATTTCCATCTTCCTGGGGCTGGGCCAGCCCAGGAGCCCCAAAAGCAAGAGGAAGGGGCAAGGGCG
GCCTGGGCCCCTEGCCCCTGGCCCTCACCAGGTGCCACTGGACCTGGTGTCACGGATGARACCGTATGCCC
GCAT TAT CATC TGGTGGCCCAGCTGAGGAACAGCTCAGAGCTGGCCCAG
AGAAAGTGTGAGGTCAACTTGCAGCTGTGGATGTCCAACAAGAGGAGCCTGTCT CCCTGGGGCTACAGCAT
CAACCACGACCCCAGCCGTATCCCCGTGGACCTGCCGGAGGCACGETGCCTGTGTCTGGGCTGTGTGAACC
CCTTCACCATGCAGGAGGACCGCAGCATGGTGAGCGTGCCGGTGTTCAGCCAGGTTCCTGTGCGCCGCCGT
CTCTGCCCECCACCECCCCGECACAGGGCCTTGCCGCCAGCGCGCAGTCATGGAGACCATCGCTGTGGGCTG
CACCTGCATCTTCTGAATCACCTGGCCCAGAAGCCAGGCCAGCAGCCCGAGACCATCCTCCTTGCACCTTT
GTGCCAAGAPAGGCCTATGAAAAGTAAACACTGACTTTTGAAAGCAAG

oooao

MDWPHNLLFLLTISIFLGLGQPRSPKSKRKGQGRPGPLAPGPHQVPLDLVSRMKPYARMEEYERNIEEMVA
QLRNSSELAQRKCEVNLQLWMSNKRSLS PWGYSINHDPSRIPVDLPEARCLCLGCVNPFTMQEDRSMVSVE
VFSQVPVRRRLCPPPPRTGPCRQRAVMETIAVGCTCIF

oooao

GCCAGGT GTGCAGGCCGCTCCARGCCCAGCCTGCCCCGCTGCCGCCACCATGACGCTCCTCCCCGGCCTCC

TGTTTCTGACCTGGCTGCACACATGCCTGGCCCACCATGACCCCTCCCTCAGGGGGCACCCCCACAGTCAC
GGTACCCCACACTGCTACTCGGCTGAGGAACTGCCCCTCGGCCAGGCCCCCCCACACCTGCTGGCTCGAGG

TGCCAAGTGGGGGCAGGCTTTGCCTGTAGCCCTGGTGTCCAGCCTEGAGGCAGCAAGCCACAGGGGGAGGT

ACGAGAGGCCCTCAGCTACGACCCAGTGCCCGGTGCTGCGGCC TGTTGGAGGCAGACACCCAC
CAGCGCTCCATCTCACCCTGGAGATACCGTGTGGACACGGATGAGGACCGCTATCCACAGAAGCTGGCCTT
CGCCGAGTGCCTGTGCAGAGGCTGTATCGATGCACGGACGGGCCGCGAGACAGCTGCGCTCAACTCCGTGE

GGCTGCTCCAGAGCCTGCTGGTGCTGCGCCGCCGGCCCTGCTCCCGCGACGGCTCGEGGCTCCCCACACCT
GGGGCCTTTGCCTTCCACACCGAGTTCATCCACETCCCCETCEECTGCACCTGCGTGCTGCCCCGTTCAGT
GTGACCGCCGAGGCCGTGGGGCCCCTAGACTGGACACGTGTGCTCCCCAGAGGGCACCCCCTATTTATGTG
TATTTATTGTTATTTATATGCCTCCCCCAACACTACCCTTGGGGTCTGGGCATTCCCCGTGTCTGGAGGAC
AGCCCCCCACTGTTCTCCTCATCTCCAGCCTCAGTAGTTGGGGGTAGAAGGAGCT CAGCACCTCTTCCAGC
CCTTAAAGCTGCAGAAAAGGTGTCACACGGCTGCCTGTACCTTGGCTCCCTGTCCTGCTCCCGECTTCCCT
TACCCTATCACTGGCCTCAGGCCCCGCAGGCTGCCTCTTCCCAACCTCCTTGGAAGTACCCCTGTTTCTTA
AACAATTATTTAAGTGTACGTGTATTATTAAACTGATGAACACATCCCCAAAA

gooao

MTLLPGLLFLTWLHTCLAHHDPSLRGHPHSHGTPHCYSAEELPLGQAP PHLLARGAKWGQALPVALVSSLE
AASHRGRHERPSATTQCPVLRPEEVLEADTHQRSISPWRYRVDTDEDRYPQKLAFAECLCRGCIDARTGRE
TAALNSVRLLQSLLVLRRRPCSRDGSGLPTPGAFAFHTEFIHVPVGCTCVLPRSV

YIFARTF R

Fu kg —t Y B
N-3I U A b A AL

e 8 20 At L]

T1-17 (& U CBREA 2 fa -

gooao

GGCTTGCTGARARTARAATCAGGACTCCTAACCTGCTCCAGTCAGCCTGCTTCCACGAGGCCTGTCAGTCA

T/ 1-18

TI/B 112-121

7I/B 32-38;55-61;133-139
TI/83-25

73 /B8 99-195

GTGCCCGACTTGTGACTGAGTGTGCAGTGCCCAGCATGTACCAGGTCAGT GCAGAGGGCTGCCTGAGGGCT
GTGCTGAGAGGGAGAGGAGCAGAGATGCT GCTGAGGGTGGAGGGAGGCCAAGCTGCCAGGTTTGGGGCTGG
GGGCCAAGTGGAGTGAGAAACTGGGAT CCCAGGGGGAGGGTGCAGATGAGGGAGCGACCCAGATTAGGTGA

GGACAGTTCTCTCATTAGCCTTTTCCTACAGGTGGTT TTCTTGGCAATGGT CATGGGAACCCACACCT
ACAGCCACTGGCCCAGCTGCTGCCCCAGCAAAGGGCAGGACACCT CTGAGGAGCTGCTGAGGTGGAGCACT
GTGCCTGTGCCTCCCCTAGAGCCTGCTAGGCCCAACCGCCACCCAGAGTCCTGTAGGGCCAGTGAAGATGG
ACCCCTCAACAGCAGGGCCATCTCCCCCTGGAGATATGAGT TGGACAGAGACTTGAACCGGCTCCCCCAGG
ACCTGTACCACGCCCGTTGCCTGTGCCCGCACTGCGTCAGCCTACAGACAGGCTCCCACATGGACCCCCGG
GGCAACTCGGAGCTGCTCTACCACAACCAGACT GTCTT CTACAGGCGGCCATGCCATGGCGAGAAGGGCAC
CCACAAGGGCTACTGCCTGGAGCGCAGGCTGTACCGTGTTTCCTTAGCTTGTGTGTGTGTGCGGCCCCGTG
TGATGGGCTAGCCGGACCTGCTGGAGGCTGGTCCCTTTTTGGGAAACCT GGAGCCAGGTGTACAACCACTT
GCCATGAAGGGCCAGGATGCCCAGATGCTTGECCCCTGTGAAGTGCT GTCTGGAGCAGCAGGATCCCGGGA
CAGGATGGGGGGCTTTGGGGAAAACCTGCACTTCTGCACAT TTTGAARAAGAGCAGCTGCTGCTTAGGGCCG

CCGGAAGCTGGTGTCCTGTCATTTTCTCTCAGGAAAGGTTTT CAAAGT TCTGCCCATTTCTGGAGGCCACC
ACTCCTGTCTCTTCCTCTTTTCCCATCCCCT GCTACCCTGECCCAGCACAGGCACTTTCTAGATATTTCCC
CCTTGCT! A

CCCTGGTTTTATTTGTTTGTTTACT CATCACTCAGTGAGCATCTACTTTG

GGTGCATTCTAGTGTAGTTACTAGTCTTTTGACAT TGATTCT AAGCTGTTATTGAATGTAT

AGAGATTTATCCAAATAAATATCTTTATTTAAAAATGAAARAA

10

20
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ooono oooOao

MRERPRLGEDSSLISLFLQVVAFLAMVMGTHTYSHWPSCCPSKGQDTSEELLRWSTVFVEPLEPARPNRHP
ESCRASEDGPLNSRAISPWRYELDRDLNRLPODLYHARCLCPHCVSLQTGSHMDPRGNSELLYHNQTVEYR

MLVAGFLLALPPSWAAGAPRAGRRPARPRGCADRPEELLEQLYGRLAAGVLSAFHHTLQLGPREQARNASC
PAGGRPGDRRFRPPTNLRSVSPWAYRISYDPARYPRYLPEAYCLCRGCLTGLFGEEDVRFRSAPVYMPTVV

RPCHGEKGTHKGYCLERRLYRVSLACVCVRPRVMG

VI NATF R T8 1-32
N-2"Y = AL T3 /8 136-140
Fo L rFxF—t ) SRR T2 /B 127-135

N-3 U R A NACERAL: T /PR 44-50;150-156

uggoano

ATGCTGGTAGCCGGCTTCCTGCTGECGCTECCECCGAGCT GGGCCGCGEGCGCCCCCAGGGCGGECAGGCE

CCCECGLGGECCGELGGEGCTGCGCGGACCEGT GGAGCTACTGGAGCAGCTGTACGGGCGCCTGGCGG
CCGGCGTGCTCAGTGCCTTCCACCACACGCTGCAGCTGEGGCCECETGAGCAGGCGCGCARCGEGAGCTGT
CCGGCAGGGGGCAGGCCCEGCGACCECCECTTCCEGCCECCCACCAACCTGCGCAGCGTGTCGCCCTGGGE

CTACAGAATCTCCTACGACCCGECGAGGTACCCCAGETACCTGCCTGAAGCCTACTGCCTGTGCCGEGGCT

GCCTGACCGEGCTGTTCGGCEAGGAGGACGT GCECTTCCGCAGCGCCCCTGTCTACATGCCCACCGTCGTC

CTGCGCCGEACCCCCGECTGCGCCEECGGCCGTTCCGTCTACACCGAGGCCTACGTCACCATCCCCGTGGE
CTGCACCTGCETCCCCGAGCCGGAGARGGACGCAGACAGCATCAACTCCAGCATCGACARACAGGGCGCCA

AGCTCCTGCTGEGECCCCAACGACGCGLCCGCTGGCCCCTEAGECCGETCCTGCCCCGGGAGGTCTCCCCGE
CCCGCATCCCGAGGCGCCCAAGCT GGAGCCGCCTGEAGGGCTCGGTCGGCGACCTCTGAAGAGAGTGCACT
GAGCARACCAAGTGCCGGAGCACCAGCGCCGCCTTTCCATGGAGACTCGTAAGCAGCTTCATCTGACACGG
GCATCCCTGGCTTGCTTTTAGCTACAAGCAAGCAGCGTGGCTGGAAGCTGATGGGARACGACCCGGCACGG

GCATCCTGTGTGCGGCCCGCAT TTT TTCACGGAGGCTCCCTGAGGAGCCTCTCAGATC
GGCTGCTGCGGGTGCAGGGCGTGACTCACCGCTGGETGCTTGCCARAGAGATAGGGACGCATATGCTTTTT
AAAGCAATCTAAAAATAATAATAAGTATAGCGACTATATACCTACTTTTAAAATCAACTGTTTTGAATAGA
GGCAGAGCTATTTTATATTATC. T TACTCTGTT TTTCTTAACATATAAACATCGTTTTTT
ACTTCTTCTGGTAGAATTTTTTAAAGCATAATTGGARTCCTTGGATARAT TTTGTAGCTGGTACACTCTGG

CCTGGGTCTCTGAATTCAGCCTGTCACCGATGGCTGACT GAT GARAT GGACACGTCTCATCTGACCCACTC

TTCCTTCCACTGAAGGTCT T CACGGGCCTCCAGGTGGACCARAGGGATGCACAGGCGGCTCGCATGCCCCA
GGGCCAGCTARGAGTTCCARAGATCTCAGATTTGGTTTTAGT CATGAATACATAAACAGTCTCARACTCGC

ACAATTTTTTCCCCCTTTTGAAAGCCACTGGGGCCAATTTGTGGT TAA TGGT TARGAAGTGGA
ACGTGACATCTTTGCCAGTTGTCAGAAGAAT CCAAGCAGGTATTGGCTTAGTTGTAAGGGCTTTAGGATCA
GGCTGAATATGAGGACARAGT GGGCCACGTTAGCATCTGCAGAGATCAATCT GGAGGCTTCTGTTTCTGCA

TTCTGCCACGAGAGCTAGGTCCTTGATCTTTTCTTT TTGAAAGTCTGTCTCTGAACACAATTATTTGT
AAAAGTTAGTAGTTCTTTTTTAAATCATTAAAAGAGGCTTGCTGAAGGAT

goooao

MTVKTLHGPAMVKYLLLSILGLAFLSEAAARKIPKVGHTFFQKPESCPPVPGGSMKLDIGIINENQRVSMS
RNTESRSTSPWNYTVTWDPNRYPSEVVQAQCRNLGCINAQGKEDI SMNSVPTQOETLVVRRKHQGCSVSFQ
LEKVLVTVGCTCVTPVIHHVQ

7B 7 3/Bk 1-30

N-21 2 AL : 7 I /B 83-86

N-3 U R b A AALTBRL T3 /B 106-111;136-141

ooooao

CCGGCGATGTCGCTCGTGCTGCTARGCCTGGCCGCECTGTGCAGGAGCGCCGTACCCCGAGAGCCGACCET

TCAATGTGGCTCTGAAACTGGGCCATCTCCAGAGTGCATGCTACAACATGATCTAAT CCCCGGAGACTTGA

GGGACCTCC TAGAACCTGTTACAACTAGTGTTGCAACAGGGGACTATTCAATTTTGATGAAT GTAAGC
TGGGTACTCCGGGCAGATGCCAGCATCCGCTTGTTGAAGGCCACCAAGATTTGTGTGACGGGCAARAGCAA
CTTCCAGTCCTACAGCTGTGTGAGGTGCAAT TACACAGAGGCCTTCCAGACTCAGACCAGACCCTCTGETS
GTARATGGACATTTTCCTACATCGGCTTCCCTGTAGAGCTGARCACAGTCTATTTCATTGGGGCCCATART
ATTCCTAATGCAAATATGAATGAAGATGGCCCTTCCATGTCTGTGAATTTCACCTCACCAGGCTGCCTAGA
CCACATAATGAAATATAAAAARAAGTGTGTCAAGGCCGGAAGCCTGT TCCGAACATCACTGCTTGT

AGARGAATGAGGAGACAGTAGRAGTGARCTTCACAACCACTCCCCTGGGARACAGATACATGGCTCTTATC
CAACACAGCACTATCATCGGGTTTTCTCAGGTGT T GAGCCACACCAGAAGAAACAAACGCGAGCTTCAGT

GGTGATTCCAGTGACTGGGGATAGTGAAGETGCTACGGT GCAGCTGACTCCATATTTTCCTACTTGTGGCA
GCGACTGCATCCGACATARAGGAACAGTTGTGCTCTGCCCACARACAGGCGTCCCTTTCCCTCTGGATAAL

ARCARRAGCAAGCCGGGAGGCTGGCTGCCTCTCCTCCTGCTGTCTCTGCTGETGECCACATGGGTGCTGGT

GGCAGGGATCTAT CTAAT GTGGAGGCACGARAGGAT CARGAAGACTTCCTTTTCTACCACCACACTACTGC

CCCCCATTAAGGTTCTTGTGGTTTACCCATCT GARATATGTTTCCATCACACAATTTGTTACTTCACTGAA
TTTCTTCAAAACCATTGCACAAGTGAGGTCATCCTTGAAAAGTGGCAGAAARAGARAATAGCAGAGAT GGG
TCCAGTGCAGTGGCTTGCCACTCAAAAGAAGGCAGCAGACAAAGTCGTCTTCCTTCTTTCCAAT GACGTCA

ACAGTGTGTGCGATGGTACCTGT GGCAAGAGCGAGGGCAGTCCCAGT CTCTCAAGACCTCTTCCC
CTTGCCTTTAACCTTTTCTGCAGTGATCTAAGAAGCCAGATTCATCT GCACAAATACGTGGTGGTCTACTT
TAGAGAGATTGATACAAAAGACGATTACAATGCTCTCAGTGT CTGCCCCAAGTACCACCTCATGAAGGATG

CCACTGCTTTCTGTGCAGAACTTCTCCATGTCAAGCAGCAGGTGT CAGCAGGARAARGATCACARGCCT GC
CACGATGGCTGCTGCTCCTTGTAG

LRRTPACAGGRSVYTEAYVTIPVGCTCVPEPEKDADSINSSIDKQGAKLLLGPNDAPAGP
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CAACTGCACCTCGGTTCTATCGATAGCCACCAGCGCAACATGACAGT GAAGACCCTGCATGGCCCAGCCAT
GGTCAAGTACTTGCTGCTGTCGATATTGGGGCTTGCCTTTCTGAGTGAGGCGGCAGCTCGGARRATCCCCA
AAGTAGGACATACTTTTTTCCAAAAGCCTGAGAGTTGCCCGCCTGTGCCAGGAGGTAGTATGAAGCTTGAC
ATTGGCATCATCAATGARAACCAGCGCGTTTCCATGTCACGTAACATCGAGAGCTGCT CCACCTCCCCCTG
GAATTACACTGTCACTTGGGACCCCAACCGGTACCCCTCGGAAGT TGTACAGGCCCAGTGTAGGAACTTGG

GCTGCATCAATGCTCAAGGAAAGGAAGACATCTCCATGAATTCCGTTCCCATCCAGCAAGAGACCCTGGETC

GTCCGGAGGAAGCACCAAGGCTGCTCTGTTTCTTTCCAGTT GAAGGTGCTGGTGACTGTTGGCTGCAC

CTGCGTCACCCCTGTCATCCACCATGTGCAGTAAGAGGT GCATATCCACTCAGCTGAAGAAG
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ACACTGGCCARACAARARCGAAAGCACTCCGTGCTGGAAGTAGGAGGAGAGTCAGGACTCCCAGGACAGAG
AGTGCACAAACTACCCAGCACAGCCCCCTCCGCCCCCTCTGGAGGCTGAAGAGGGATTCCAGCCCCTGCCA
AGCACAGGGCCTCAGGCCTGGGT
GCCACCTGGCACCTAGAAGATECCTGTGCCCTGGTTCTTGCTGTCCTTGGCACT GGGCCGAAGCCCAGT GG
TCCTTTCTCTGGAGAGECTTGTGGGGCCTCAGGACGCTACCCACTGCTCTCCGGECCTCTCCTGCCGCCTC

CCCACAGACACGGGCTGACT GTGTCTGCCCCCCTT

TGGGACAGTGACATACTCTGCCTGCCTGGGGACATCGTGCCTGCTCCGGGCCCCGTGCTGGCGCCTACGCA
CCTGCAGACAGAGCTGGTGCTGAGGTGCCAGAAGGAGACCGACTGTGACCTCTGTCTGCGTGTGGCTGTCC
ACTTGGCCGTGCATGGGCACTGEGARGAGCCTGAAGATGAGGARRAGT TTGGAGGAGCAGCTGACTCAGGS
GTGGAGGAGCCTAGGAATGCCTCTCTCCAGGCCCAAGTCGTGCTCTCCTTCCAGGCCTACCCTACTGCCCG
CTGCGTCCTGCTGGAGGTGCAAGTGCCTGCTGCCCTTGTGCAGTT TGGTCAGTCTGTGGGCTCT GTGGTAT
ATGACTGCTTCGAGGCTGCCCTAGGGAGTGAGGTACGAATCTGGTCCTATACTCAGCCCAGGTACGAGAAG
GAACTCAACCACACACAGCAGCTGCCTGCCCTGCCCTGGCTCAACGTGTCAGCAGATGGTGACAACGTGCA
TCTGGTTCTGAATGTCTCTGAGGAGCAGCACT TCGGCCTCTCCCTGTACT GGAATCAGGTCCAGGGLCCCT
CAAAACCCCGGTGGCACAAARACCTGACT GGACCGCAGATCATTACCTTGAACCACACAGACCTGGTTCCC

TGCCTCTGTATTCAGGTGTGGCCTCT GGAACCTGACTCCGTTAGGACGAACATCTGCCCCTTCAGGGAGGA

CCCCCGCGCACACCAGAACCTCTGGCAAGCCGCCCGACT GCGACTGCTGACCCTGCAGAGCTGGCTGCTGE

ACGCACCGTGCTCGCTGCCCGCAGAAGCGGLACTGTGCTGGCGGGCTCT T ACCCCTGCCAGCCA
CTGGTCCCACCGCTTTCCTGGGAGAACGTCACTGTGGACAAGGTTCTCGAGTTCCCATTGCTGARAGGCCA
CCCTAACCTCTGTGTTCAGGTGAACAGCT CGGAGAAGCTGCAGCT GCAGGAGTGCTTGT GGGCTGACTCCC

TGGGGCCTCTCARAGACGATGTGCTACTGT TGGAGACACGAGGCCCCCAGGACAACAGATCCCTCTGTGCC
TTGGAACCCAGTGGCTGTACTTCACTACCCAGCAMAGCCTCCACGAGGGCAGCTCGCCTTGGAGAGTACTT
ACTACAAGACCTGCAGTCAGGCCAGT GTCTGCAGCTATGGGACGATGACTTGGGAGCGCTATGGGCCTGCC

CCATGGACAAATACATCCACAAGCGCTGGGCCCTCITGTGGCTGGCCTGCCTACTCTTTGCCGCTGCGCTT
TCCCTCATCCTCCTTCTCAAARAGGATCACGCGAARGGGTGGCTGAGGCTCTTGARACAGGACGTCCGCTC
GGGGECGGCCGLLAGGEGCCGCGCGGCTCTGCTCCTCTACTCAGCCGATGACTCGGGTTTCGAGCGCCTGG
TGGGCGCCCTGECETCEGCCCTGT GCCAGCTGCCGITGCGCGTGGCCGTAGACCTGTGGAGCCGTCGTGAA

CTGAGCGCGCAGGGGCCCGTGGCTTGGTTTCACGCECAGCGGCGCCAGACCCTGCAGGAGGGCGGCGTGET

GGTCTTGCTCTTCTCTCCCGGTGCGGTGGCGCTGTECAGCGAGTEGCTACAGGATGGGGTGTCCGGECTCCG
GGGCECACGGCCCGCACGACGCCTTCCGCGCCTCGLTCAGCTGCGTGCTGCCCGACTTCTTGCAGGGCCGE

GCGCCCGGCAGCTACGT CTGCTTCGACAGECTGCTCCACCCGGACGCCGTACCCGCCCTTTTCC!

CACCGTGCCCGTCTTCACACTGCCCTCCCAACTGCCAGACTTCCTGGEGGCCCTGCAGCAGCCTCGCGCCT
CGCGTTCCGGGCGGCTCCAAGAGAGAGCGGAGCAAGTGTCCCGEGCCCTTCAGCCAGCCCTGGATAGCTAC
TTCCATCCCCCGEGGACTCCCGCGCCGGGACGLGGEGT GCGACCAGGGGCGGGACCTGGGGCEGGGGACGE
GACTTAAATARAGGCAGACGCTGTTTTTCTARARRAA
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CGAGGGCTCCTGCTGGTACTGTGTTCGCTGCTGCACAGCAAGGCCCTGCCACCCACCTTCAGGCCATGCAG
CCATGTTCCGGGAGCCCTAATT GCACAGAAGCCCATEGGGAGCTCCAGACT GGCAGCCCTGCTCCTGCCTC

TCCTCCTCATAGTCATCGACCTCTCTGACTCTGCTGGGATT TTTCGCCACCTGCCCCACTGGAACACC
CGCTGTCCTCTGGCCTCCCACACGGATGACAGTTTCACTGGAAGTTCTGCCTATATCCCTTGCCGCACCTG

GTGGGCCCTCTTCTCCACARAGCCTTGGTGTGTGCGAGTCTGGCACTGTTCCCGETGTTTGTGCCAGCATC
TGCTGTCAGGTGGCTCAGGT CTTCAACGGGGCCTCTTCCACCTCCT GGTGCAGARAT CCAARAAGTCTTCC

ACATTCAAGTTCTATAGGAGACACAAGATGCCAGCACCTGCTCAGAGGAAGCTGCTGCCTCGTCGT CACCT
GTCTGAGAAGAGCCATCACATTTCCATCCCCTCCCCAGACATCTCCCACARGGGACTTCGCTCTAAAAGGA
CCCARCCTTCGGATCCAGAGACATGGGAAAGT CTTCCCAGATTGGACT CACAAAGGCATGGAGGACCCGAG

TTCTCCTTTGATTTGCTGCCTGAGGCCCGGGCTATTCGGGT GACCATATCTTCAGGCCCTGAGGT CAGCGT
GCGTCTTTGTCACCAGTGGGCACTGGAGTGTGAAGAGCTGAGCAGT CCCTATGATGTCCAGARAAT TGTGT

CTGGGGGCCACACTGTAGAGCTGCCTTATGAATTCCTTCTGCCCTGTCTGTGCATAGAGGCATCCTACCTG
CAAGAGGACACTGTGAGGCGCARARAATGT CCCTTCCAGAGCTGGC CAGRAGCCTATGGCTCGGACTTCTG
GRAGTCAGTGCACTTCACTGACTACAGCCAGCACACT CAGATGGTCATGGCCCTGACACTCCGCTGCCCAC
TGAAGCTGGAAGCTGCCCTCTGCCAGAGGCACGACTGGCATACCCTTTGCARAGACCTCCCGAATGCCACG
GCTCGAGAGT CAGATGGGTGETATGTTTTGGAGAAGGTGGACCT GCACCCCCAGCTCTGCTTCAAGTTCTC

TTTTGGAAACAGCAGCCATGTTGAAT GCCCCCACCAGACTGGGT CTCTCACATCCTGGAATGTAAGCATGG
ATACCCAAGCCCAGCAGCTGATTCTTCACTTCTCCTCAAGAATGCATGCCACCTTCAGT GCTGCCTGGAGT
CTCCCAGGCTTGGGGCAGGACACTTT GGTGCCCCCCGTGTACACTGT CAGCCAGGCCCGGGGCTCARGCCC

AGTGTCACTAGACCTCATCATTCCCTTCCTGAGGCCAGGGTGCTGTGTCCTGGTGTGGCGETCAGATGTCC

AGTTTGCCTGGAAGCACCTCTTGTGT CCAGATGTCTCTTACAGACACCTGGGGCTCTTGATCCTGGCACTG

TGGCCCTCCTCACCCTACTGGGTGTTGTTCTGGCCCTCACCTGCCGGEGCCCACAGTCAGGCCCGGGCC

AGCGCGGCCAGTGCTCCTCCTGCACGCGGCGGACT CGGAGGCGCAGCGECGCCTGGTGGGAGCGCTGGCTG

AACTGCTACGGGCAGCGCTGGGCGGCGEGCGCGACGTGAT CGTGGACCTGTGEGAGGEGAGGCACGTGEEG
CGCGTGGEGCCCGCTGCCETGECTCTGGECGEEGCEGACGCECGTAGCGCGGGAGCAGGGCACTGTGCTECT
GCTGTGGAGCGGCGCCGACCTTCGCCCGETCAGCGGCCCCGACCECCGCGCCECECCCCTGCTCGCCCTGC

TCCACGCTGCCCCGCGCCCGCTGCTGCTGCTCGCTTACTTCAGTCGCCTCTGCGCCARGGGCGACATCCCC

CCGCCECTGCGCHCCCTBCCECGLTACCGCCTGCTGCGCEACCTGCCGCGTCTGCTGCGGECGCTGGACGE
GCGGCCTTTCGCAGAGGCCACCAGLTGEEGCCECCTTGEGGCECEECAGCECAGGCAGAGCCGCCTAGAGS
TGTGCAGCCGGCTTGARCGAGAGGCCGCCCGACTTGCAGACCTAGGTTGAGCAGAGCTCCACCGCAGTCCC

GGGTGTCT

MPVPWFLLSLALGRSPVVLSLERLVGPQDATHCS PGLSCRLWDSDI LCLPGDIVPAPGPVLAPTHLOTELY
LRCQKETDCDLCLRVAVHLAVHGHWEEPEDEEKFGGAADSGVEEPRNASLQAQVVLSFQAYPTARCVLLEV
QVPAALVQFGQSVGSVVYDCFEAALGSEVRIWSYTQPRYEKELNHTQQLPALPWLNVSADGDNVELVLNVS
EEQHFGLSLYWNQVQGPPKPRWHKNLTGPQI I TLNHTDLVPCLCIQVWPLEPDSVRTNICPFREDPRAHQN
LUQARRLRLLTLQSWLLDAPCSLPAEAALCWRAPGGDPCQPLVPPLSWENVTVDKVLEFPLLKGHPNLCVQ
VNSSEKLQLOECLWADSLGPLKDDVLLLETRGPQDNRSLCALEPSGCT SLPSKASTRAARLGEYLLQDLQS
GQCLQLWDDDLGALWACPMDKYITHKRWALVWLACLLFAAALSLI LLLKKDHAKGWLRLLKQDVRSGAAARG
RAALLLYSADDSGFERLVGALASALCQLPLRVAVDLWSRRELSAQGPVAWFHAQRRQTLQEGGVVVLLESP
GAVALCSEWLQDGVSGPGAHGPHDAFRASLSCVLPDFLQGRAPGS YVGACFDRLLHPDAVPALFRTVPVET
LPSQLPDFLGALQQPRAPRSGRLOERAEQVSRALOPALDSYFHPPGTPAPGRGYVGPGAGPGAGDGT
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ELSSPYDVQKIVSGGHTVELPYEFLLPCLCIEASYLQEDTVRRKKCPFQSWPEAYGSDEWKSVHETDYSQH
TQMVMALT LRCPLKLEAALCQRHDWHT LCKDLPNATARES DGWYVLEKYDLHPQLCFKFSFGNSSHVECEPH
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GCCAGGCCCTATCTCCCTGCCAGGAGGCCGGAGT TCAGACGGGGCGGTT!

T

BCCACGCGCTTCTGCCTCAGGTGTTCCTGCETTGTTTGTCAGT GGAGAGCAGGGAGTGGGGCCAGCCAGCA
GAAACAGTGGGCTGTACAACATCACCTTCAAATATGACAATTGTACCACCTACTTGART CCAGTGGGGARG
CATGTGATTGCTGACGCCCAGAATAT CACCATCAGCCAGTAT GCTTGCCATGACCARGT GGCAGTCACCAT
TCTTTGGTCCCCAGGGECCCTCGGCATCGAATTCCTGARAGGATTTCGEGTAATACT GGAGGAGCTGAAGT
CGGAGGGAAGACAGTGCCAACAACTGATTCTAAAGGATCCGARGCAGCTCARCAGTAGCTTCAAAAGAACT
GGAATGGAATCTCAACCTTTCCTGAATAT GAAATTTGARACH TTATTTCGTAAAGGTTGTCCCTTTTCC
TTCCATTAAAAACGAAAGCAATTACCACCCTTTCTTCTTTAGAACCCGAGCCTGTGACCTGTTGTTACAGE

CGGACAATCTAGCTTGTAAACCCTTCTGGAAGCCTCGGAACCTGAACATCAGCCAGCAT GGCTCGGACATG
CAGGTGTCCTTCGACCACGCACCGCATGGCTCGGACATGCAGGTGTCCTTCGACCACGCACCGCACAACTT
CGGCTTCCGTTTCTTCTATCTTCACTACAAGCTCAAGCACGAAGGACCTTTCAAGCGARAGACCTGTAAGE

AGGAGCARACTACAGAGATGRCCAGCTGCCTCCTTCARAATGTTTCTC! ATTATATAATTGAGCTG
GTGGATGACACTAACACAACAAGAAAAGTGATGCATTAT GCCTTARAGCCAGTGCACTCCCCETGEGCCGG
GCCCATCAGAGCCGETGGCCATCACAGTGCCACT GGTAGT CATAT CGGCATTCGCGACGCTCTTCACTGTGA
TGTGCCGCAAGAAGCAACAAGAAAATATATATT CACATTTAGAT GAAGAGAGCTCTGAGTCTTCCACATAC

ACTGCAGCACTCCCAAGAGAGAGGCTCCGECCGCGGLCGAAGGTCTTTCTCTGCTATTCCAGTARAGATGG

CCAGAATCACATGAATGTCGTCCAGTGTTTCGCCTACTTCCTCCAGGACTTCTGTGGCTGTGAGGTGGCTC
TGGACCTGTGGGAAGACTTCAGCCTCT GTAGAGAAGCGCAGAGAGAATGGGTCATCCAGARGAT CCACGAG
TCCCAGTTCATCATTGTGGTTTGTTCCARAGGTATGARGTACT TTGTGGACAAGAAGAACTACAAACACAA

T CGAGGCTC GGAGAGCTCTTCCTGGTGGCGETGTCAGCCATTGCCGAARAGCTCC

GCCAGGCCAAGCAGAGTTCGTCCGCGECECTCAGCARGTTTATCGCCGTCTACTTTGATTATTCCTGCGAG
GGAGACGTCCCCGGTATCCTAGACCTGAGTACCAAGTACAGACTCATGGACAATCTTCCTCAGCTCTGTTC
CCACCTGCACTCCCGAGACCACGGCCTCCAGGAGCCGGGGCAGCACAC GCGACAGGGCAGCAGAAGGARCT

ACTTCCGGAGCAAGTCAGGCCGGTCCCTATACGT CGCCATTTGCAACATGCACCAGT TTATTGACGAGGAG

CCCGACTGGTTCGARRAGCAGT TCGTTCCCTTCCATCCTCCTCCACTGCGCTACCGGGAGCCAGTCTTGGA

GAAATTTGATTCGGGCTTGGTTTT TGATGTCATGT GCARACCAGGGCCTGAGAGTGACTTCTGCCTAA
AGGTAGAGGCGGCTGTTCTTGEGGCAACCGGACCAGCCGACTCCCAGCACGAGAGTCAGCATGGGGGCCTG

GACCAAGACGGGGAGGCCCGGCCTGCCCTTGACGGTAGLGCCGCCCTGCAACCCCTGCTGCACACGGTGAA
AGCCGGCAGCCUCTCGGACAT GCCGCEECACTCAGGLATCTATGACTCGTCTGTGCCCTCATCCGAGCTGT
CTCTGCCACTGATGGARGGACTCTCGACGEACCAGACAGAAACGT CTTCCCTGACGGAGAGCGTGTCCTCC
TCTTCAGGCCT T

TCCTGCCCTTCCTTCCAAGCTCCTCTCTTCTGGGTCATGCARAGE
AGATCTTGETTGCCGCAGCTACACTGAT GAACTCCACGCGGTCGCCCCTTTGTAACAAAACGARAGAGTCT
ARGCATTGCCACTTT. A A
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MPRASASGVPALFVSGEQGVGPASRNSGLYNITFKYDNCTTYLNPVGKHVIADAQNITISQYACHDOVAVT
JLWSPGALGIEFLKGFRVILEELKSEGRQCQQLILKDPKQLNSSFKRTGMESQPFLNMKFETLYFVKVVEE
PSIKNESNYHPFFFRTRACDLLLQPDNLACKPFWKPRNLNISQHGSDMQVSFDHAPHGSDMQVSEFDHAPHN
FGFRFFYLHYKLKHEGPFKRKTCKQEQTTEMTSCLLQNVSPGDYIIELVDDTNTTRKVMHYALKPVHSPWA
GPIRAVAITVPLVVISAFATLFTVMCRKKQQENIYSHLDEESSESSTYTAALPRERLRPRPKVFLCYSSKD
GONHMNVVQCFAYFLQDFCGCEVALDLWEDFS LCREGQREWVIQKTHESQFT IVVCSKGMKY FVDKKNYKH
KGGGRGSGKGELFLVAVSAIAEKLRQAKQSSSAALSKFIAVYFDYSCEGDVPGILDLSTKYRIMDNLPQLC
SHLHSRDHGLQEPGQHTRQGSRRNYFRSKSGRSLYVAICKMHQFIDEEP DWFEKQFVPFHPPPLRYREPVL
EXFDSGLVLNDVMCKPGPESDFCLKVEAAVLGATGPADSQHE SQHGGLDQDGEARPALDGSARLQPLLHTV
KAGSPSDMPRDSGIYDSSVPSSELSLPLMEGLSTDQTETSSLTESVSSSSGLGEEEP PALPSKLLSSGSCK
ADLGCRSYTDELHAVAPL
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