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Mathematical and Computational Molecular Biology
Math/Biol 227 — Brendel - WQ94/95

Time & Location: Tu, Th 1:15P - 2:30P (Units: 3); Gilbert 119
Instructor: Volker Brendel (380-383A; 723-9256; volker@grendel.stanford.edu)

Synopsis

Precipitated by an enormous increase in molecular sequence data (both DNA and protein),
computational tools have become essential to molecular biology research. This course seeks
to provide a state-of-the-art introduction to the subject. Emphasis will be on concepts and
principles, combined with hands-on (-keyboard) applications.

Prerequisites

This interdisciplinary course is directed at graduate and interested undergraduate students of
biology, medicine, computer science, statistics, operations research, or mathematics. There are
no formal prerequisites as all necessary knowledge will be developed in the course. However,
some knowledge of the fundamental concepts of molecular biology and statistical analysis will
be helpful. See the instructor for any questions regarding this.



Mathematical and Computational Molecular Biology
e Math/Biol 227 — Brendel — WQ94/95

Time & Location: Tu, Th 1:15P - 2:30P (Units: 3); Gilbert 119
Instructor: Volker Brendel (380-383A; 723-9256; volker@grendel.stanford.edu)

Tentative Agenda
I Tu, Jan. 10 Overview.

II Th, Jan. 12 Pairwise sequence comparisons I; algorithms of Needleman & Wunsch
and Smith & Waterman.

III Tu, Jan. 17 Pairwise sequence comparisons II; gap penalties; suboptimal alignments.
IV Th, Jan. 19 Score-based sequence analysis; single sequence features.
V Tu, Jan. 24 Score-based sequence analysis; pairwise sequence comparisons (SSPA).
VI Th, Jan. 26 Amino acid substitution scoring matrices.
VII Tu, Jan. 31 Query search methods; FASTA, BLAST.
fm VIII Th, Feb. 2, S. Karlin instructor Sequence comparisons not requiring alignments.
IX Tu, Feb. 7 Phylogenetic trees from sequence data I.
X Th, Feb. 9 Phylogenetic trees from sequence data II.
XI Tu, Feb. 14 Runs, patterns, clusters of particular letter types.
XII Th, Feb. 16, J. Kleffe instructor Word counts.
XIIT Tu, Feb. 21 Spacings between sequence markers.
XIV Th, Feb. 23 Profile methods.
XV Tu, Feb. 28 Optimal signal search profiles (EM algorithm).
XVI Th, March 2 Hidden Markov chain Models.

XVII Tu, March 7, D. Brutlag instructor Belief systems and.neural networks for sec-
ondary structure prediction.

XVIII Th, March 9 Gene and intron prediction.
XIX Tu, March 14 Dead week lecture I.
XX Th, March 16 Dead week lecture I1.
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Mathematical and Computational Molecular Biology
Math/Biol 227 — Brendel - W(Q94/95

References: Score-based sequence analysis.

Altschul, S.F. (1991). Amino acid substitution matrices from an information theoretic per-

spective. J. Mol. Biol. 219, 555-565.

Altschul, S.F. (1993). A protein alignment scoring system sensitive at all evolutionary dis-

tances. J. Mol. FEvol. 36, 290-300.

Collins, J.F., Coulson, A.F.W. & Lyall, A. (1988). The significance of protein sequence
similarities. Comput. Appl. Biosci. 4, 67-T1.

Dayhoff, M.O., Schwartz, R.M. & Orcutt, B.C. (1978). A model of evolutionary change in
proteins. In Atlas of Protein Sequence and Structure (Dayhoff, M.O., ed.). vol. 5, suppl. 3,
pp. 345-352. Nat. Biomed. Res. Found., Washington, DC.

Dembo, A. & Karlin, S. (1993). Central limit theorems of partial sums for large segmental
values. Stoch. Proc. Appl. 45, 259-271.

Henikoff, S. & Henikoff, J.G. (1992). Amino acid substitution matrices from protein blocks.
Proc. Nail. Acad. Sci. U.S.A. 89, 10915-10919.

Henikofl, S. & Henikoff, J.G. (1993). Performance evaluation of amino acid substitution

matrices. Proteins 17, 49-61.
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Mathematical and Computational Molecular Biology

Math/Biol 227 — Brendel — WQ94/95

References: Sequence alignments with gaps.

Gotoh, O. (1982) An improved algorithm for matching biological sequences. J. Mol. Biol.

162, 705-708.

Naor, D. and D.L. Brutlag (1994) On near-optimal alignments of biological sequences. .J.

Comp. Biol. 4-666=000. }/!{) > [-13 "

Needleman, S.B. and C.D. Wunsch (1970) A general method applicable to the search for

similarities in the amino acid sequence of two proteins. J. Mol. Biol. 48, 443-453.

Smith, T.F. and M.S. Waterman (1981) Identification of common molecular subsequences. J.

Mol. Biol. 147, 195-197.

Zuker, M. (1991) Suboptimal sequence alignment in molecular biology. Alignment with error

analysis. J. Mol. Biol. 221, 403-420.



Comomic Spmatiets
Drsclootide Relafiors Abmdlimess - vt e/z 50,

gx <C’-99 Ff * 0.99-0.8) 0.51-4 18 /.05 -

———

ULd. Lot s
Py

@M ?%M 040 el ﬁwﬂ”% M/‘ Ktloun,
i Pectse ey

% M/M}ﬂ ! * 3 4
O el 0

'
% A O.02¢ o
3

0.0 707 o

v bg32 S0y 925 5 9,( /‘
* a7
5 eng 0l c0g g3 A P L
o™ 7
- NNO% e a,W
0B8] Z ) 63 %

GIT3]



Z’- Xy /Jl'ﬁﬁ/'f;l;rf \s\
o ——

r O/ WJ/.f/fi( W’]‘/ //'/[ Z/"/?k o
- YiosH- m,v/é AR

b T I o
m &_ﬁy /&% &, sy «d W
/ﬂzﬁéa//memy %;%/4)4\7 %%

(é/’é"’/z ;\r /é /#—w_7
e Lr 6
s &
M&"\C} é

et |
\'7/(,
P&F@/M/)é% wéyé & o
tn "“"54(40” Db foicerie no m@f?%

CCTHE fou
G/éyh/c: Qr%’-ué/
Wd in //(Q/VA’
3 Cdevoy wn W{déf% &‘7/7’»0
C @ AT (0w tn almost oV éezcﬁwyféﬁ w Gl

—



I~
ﬁ;g 038 = highly

11

Fﬂ*‘j > laa

””/C'W’/ Un érfe/ﬂf'(&eﬂ at%g’h

X 7 M/r‘ef M%Jéé-;

Cxs
—’ga(’_é /5 /.«v 74; ?// Ve’)é/é'ﬂ/{/
"5'"3/4 /hav)én\/é' /rvm %f

Ce — CA
— 76

© 0. ke
=

—74 1. Lo
@ﬁr(

~ChRE) v, [forw

A
“ATAE v kg4

0%//\? "Led&r)évc/ tn W""é

e mbrdled iy iy ox hy todbe
”é")(")%”f}éa COFOny M%;



e w2
7~ »Qa 7‘#
<@\ ,Zl’fgﬁ / }'é/ /}:Lf

1444,,, N
2?}“.4[ 4 “’:W %ﬂ&@é%& .z,éé(f
2eps 7w
’ b AL _
| \,Qﬁ 7. - TRNGCLEOIE 7 /ds &4/
| y TxETye ALe Mo, O REMvES

_ ) — . TERq AL Moy, 97
fﬁ@é@ pe /M///a, /ff// 7££/ %A/ofiﬂﬂ K

\_—
@Mé Swesnps - 5’/47/%‘ 7RI 2/0/ L
X vy Y’ . ﬁt{—‘ (ow €&
JQ 7 J{ :fr = 7 ﬂ% h[r/ EnvouGH Sfﬂlfv(f

THEn THE

J[Zf :][;C i Zl%ér 7‘//!:6/ fA=7[r,

?[x
x Tlg(zx
..]0)(7'; fkfy



ﬂ)ﬂ(c(lo){%

%a/ Maysne émw
Chper s belflr o necdel
(im @@g@zéﬁfé G’Z’.’_é;"’(
~GC varres é.’/é/% /&'202
oot f o hnb ol
T atus? )4(74/ el 7( W’W’z"“%/ 4

,(_rfg//s 7[”/[/

—

B fe
/ /gf;; ffx’;j— —'// = Dvuce £67 70 6/%

/

@ﬁhuc/«e o/t é/
Mok Hodel of oedor L

. . |
broc = # (406 flr (a7 o o s
/e famy 2[4 "7

S0, 83 & &8
e e

/B
PeiABT Priécol
Al bcs
% VD[XI“\ K,,; 7[ {(1/2 }(n;
- “[/’\'2 Xa-/]




_%@%%%@W%ww@@aﬁé 22/
brormey_olotobaseLstpstess

’x_ JMA ~ 299, o0, ¢00 g
fro7 - 69, oo bi#
'3"’3(( %&frf’f

é?_é A %fﬂr)ém %f"f Jé S ,&‘a%fmr /4 M

@@fé’?{" gonomis
bl v Soo
“Lepenls
W”//%w
Gohort vordts _
c‘ﬁw/:/ tomler /’«Wm%/ -4 éfﬂ«&-’ﬁ
& Qxﬁmm«:: éfﬁ/ ey
7 vanie WWW

——#:’ /3—6 C'/.c?/.e_{ h‘, V/M‘h i

N brageld o b .:-/Qz(;/ A ies

é’/_;:_a el ., % o defe~s oz[a'/ or
show Hat JVAS gm; s Qéi.&néh/ G~

ﬂwjz//'},?. 54‘9{!
o sy Mozal /Lywr?

@[’ os Amdls ﬁf%y/a;ﬁ///m/&%f/

O (. st noted Y
'ﬁi@?M4MW%J%“WM%%

= - JESVT BELIEYE v FITTING MIOE] s
- BeLiElES I Benchmaek



i -
_ Mot/ /;f Moteedey Koo 7,:. [N L s~
Sl Mot e

¥ I =loem 20 =
4 _{L,-j_q/a%f%&., S’(‘;/\e‘f‘f [‘S-ch J’:/_ .o 20D 7 j}/ﬂ*f;y-/#z‘fg/ —
z fmAff"téef- - m./J /_g,_q_/é »{ﬂm- 54 é;’ 529’1-’4'»! //ﬁ'( 5;(//14»-‘4!"47(4’/ =

S S

grme— / AR E f%#cm;@-s 7/ S EL e CES /%_’/c%f £ /[ 220/ 6
&Oéﬂw [oJ/z'?‘{’

_,34 (‘ /j . == Z %fﬁbf-‘.ﬂ.‘) :?(‘;4

( | 7,

)4 e
“76'&5;4‘41 / o) Mutyox fu /7 ek G o sadd c/z-@ fz
ﬂwwmué 1‘

4 _5_3 i
¢ - ' el
8 - - B y
g2 E, -
& ; . g@dﬁw@/
b srores Sy = o B 2 S Touedy

@_,_’,(,/y o (0‘7_67"4'}#:»7

= SUZ— 6Ccwrs M// /&’r‘og /9//:;

@-""‘; ”35/50 5-’4/:74%:740” 4..} 2re -/"’ f{/ i //JJ 7$£J

07 f{é/ Zz}’y ﬂ/(ﬂ 4/ a//% 57%;)4%”_ ’é /5
C 0 40 /é} \} E /q“d/, . / - e =
a5 Y ey S 2 Shends 4 ;‘2’”4 7 A {4/4'”—%/{'%”['4/'/%
as N dbey. W Sogth M rcoss oo 20 o L
: y | Iéy ﬁ" AZA £ 55+ /e/;)é.,, JMA»@//%, ’ﬂffg{,ﬂ




L2l 2
51’ 2 ﬂdic
(=7
¢ps )32

/;:_: Z 4;—(:/ b 0 /%’ g8 = )445744;, / &)ﬂff/"&’/{.%f;‘
_ bl _ Stelos 72 V2 Yo,
&Eﬁ?ﬂé .//zﬁ'??/c‘ﬂ'
Cppfe = porcerd ek, bt ce
=i 7;4,/,7‘ S0 eoforny /"; S

& _
HS sy suls. o o fopy sel P C
“aéw/é,w < ?){ w/ g —47‘ *”/’éﬁ?-//é‘

Sirsnt o/ Z

'{_&_s‘_ﬁt{/:z&é:’ I//J%J m//éw%uff/é”“é/%

y el e Y AT
[Mazfé'ﬂ‘?é j,-,' = 2(_,',- 4,/ = ( ""f(:-’-

; = e : 7
5?'/- il ‘é ;z/ e %—: z(f//
C 2z fpp P

& S
@ . % Lz T e
i 2' gc‘/' - Z%Zf/‘ﬁf . Z‘Ft_?fl'
(A e~/ U =/



®ssr _ - --
S acludbs Soms Camaaéw ’é’" /fm/g/é S?W"c@ e W%’-{ :

adusk 50 Bt &yﬂ ‘o besed or @// ey
 Aithdiwrr .

- ise AZ/G/V/(FA/*‘
- SS5PA -5 gnitscans” /M/ % ﬂ/y’m/&/

0
é)g’/mw dg/ﬁf'j,% e
mﬁ« &S s gﬂ%ﬂv/é-
i gew 5’%‘*‘_”/5/' s =
” 5 S = L0BA (
Stz = Atk .Fa;/fzw o7 mﬁf f” /4 2?_&6
227 cpets
A Sier = W/tmx 00 My o W? "?”W

> Z/%S}"P
Store = P 7.%/ ,7, .



Do 77
%{,‘ Se g vances lrnd @rcﬁwj Zs 744:{

J
- e lotoonali

[%wm.v ew/méomf7 d/:f?uf G2 fWO//y /”‘W‘éwégw
Haf onw subshibusteons 27 andels 07 vnrtagery

Cm,ﬂ/?mlzinf
f é’ofserm&/ Aow - % F ac’/é

./
- ottt shong g Aorochorsgiy
s e e hy s s

pfz_ D"3 D13

LA 42245012 !
LigriAa3=0/3 |

| Lag +LA3= D23/

i ' e

Lig= 3§ D03 -pas]
L4 = 3 f/)/;u/);’zwé?/?/
LB 3

MN/QUF Sablfﬂé’ﬂ/

F013 023 fﬁf;j



_é_/“ 49,,,74,‘{ Sp/t.{% oy me&j

i g’
o) il 3 5 SO
:kﬂ?<; '(gyﬁﬂ“@“ 4 . bron e
2
ﬂ:z 'Q'B ﬂf LUA
274
ﬂz'ﬁ &y qu
2, 3
; L33
lBY

ki - penclilbinanis’
Bhot - her reps -+ 3 hte) 7

< / < p Z
& y 3}_<}/ 1/>_<3

Nrl
Duri
Ep R /@?’7%" LT:",Z
H Hpoligres /ﬁ 255 LT

ZA-S /

(239!



/SQFC/?’I

(P

‘ 3

2
en g/ onguel] Al -amftaé owt ety

- ﬁec‘cz,o@_( Lonre & MW/ W

ikt S i, -l i

Z/,f +Lpa = 0&?

LogrLan#lgs=0r3 #

Lig #Lam + Loy~ ﬂ;y @ﬂz; + Jyy < 0}3 * 0;))3 :Q;y 2 0;3
Lonrlagtlss =3 | St Sy
Lor+Las+Lay =day 4 < P T s~
Ugsr Lgy = D3y

@___/f‘ j/“ 0;%’ 9*9”" ,9;3 > 7%:/@ s @ c«m?ae Sb/vn?éa}?

W prope, fres 4

@éﬁ% jgﬂﬂ’é{/y Uuse /ﬂdj% “%J(ﬂ/e I 5’5‘;4/){4/ /é

ki iat SolutHoorn L
,:%/vﬁ inimize LS

lﬁj 50/‘{745;'1
Z./,) = -5%{013 ""O!V ’0&3“0351 ""é{' 0:;(

Lag = "f[ﬂ,pgf Oay ~ D3 ~Diyf + : e
ls= G{Ds+ Oz o= 59:‘/“’01515 s 26 Jzy

(A Z@y a ?‘Zﬁﬂ/ 7"0.:,1?' 'ﬂ@ H&3]+-ﬁ 037

ZA(-_!) < }L{D{?) +ﬂ;y +0g,13 +,037] Boe {é,a 7"‘&%



£ Dzv Doy = “/*ﬂas 8

fﬂ/@iﬂﬁ
J/ﬂél 0;1%&]

W/\M Sfyeow/;aay @mwﬁn /ﬂ'/bﬁs’/L

%mw tlley) m/ﬁﬁéhjé

el ¥ spoccts a7 s

//w/%wé
M e F et B Zy%
(a2 I)ém

s,



”\

M@L&M

=/ Pecivs /07’6/; cyqu;é;).,/ ﬁﬂ&wﬁr} "M’f){"/
o e

¥

= 2’1'3 é/QI;(AIf

/a/ f,'ohfr(‘)z %/0//‘7y
(-5')4»««/4 /an/ /6/71/;

Hthodt
i
(Vd/b-gié a/” 74'-(: =3 Zﬁ-w ;/71 J})‘é,gj --‘/ﬁl}/é J‘&u//z;/

Z//ff -

/ , 138/
gy 1 ot ity Fts f U Lo /2::

- 6/



Y1y

P
| UpemsA :wwyﬁi—//a@/ﬂy my%,/,/ﬁn%,ué; AL
géz’“’/ - 1:: c/-i 4/.5-_., a/:: e
Titace z 4’13 q}zy
3
b4
//{Hﬂ'u;n Aﬂ/«u # p/- 3;44@

BT siatiist- Bobewi - P
g;:/ﬁ L_/D:t/?-— 'hqﬂ./ /rm){l.r /J/M/r‘-c/ /Lﬂj?‘"{ 2}, prd

O rphe 112 dy /2
é .
i T, e By o B
=
2%
7 g0
R . oly Omo 0.20
G o.us ovl9y 0. U§
e —iOEY O LT
b L EETE

:

HC 6 A

He @ 0/5}' 6212
0.2/ %

. sttt
6.2l
” o 0218
Y

H—e Y "
47 i /2 ¥
L | [
&0
08
y
7 A
Heb @ 7.l 5
LT



ApvangAcES
Aprdnrnce

= v v s/

s
m 3 ot /,,y//_r q/fwz/g /zmgw

- émc

= u/w any /m}/ imbrng/ A e

—

&ﬁfkaqjﬂ%;%;ﬁmv

aVerngs ofisTirey

5

» 3

£}

i aly works ™) tonspont iy ra
"'7/ﬂ(7//7)'/?c7/ }éﬂﬂ.@q/ )%a %A l’f)za;mér

o Hhe /mhc/ /fuy/% an Least sf4eres

7 @5TUme  Consiar) m?‘c

-

1276
1330
2320

AB27Y



-
Lt A Marpolard
- Works o 74,?9/“{

N 3 4 L= i[ﬁz fD:a"ﬂzzj-_,_\,-_
i Laa = 3 {0ar D23 ~DiyS

[34 = —2!- ?’ﬂfi . '023 -.ﬂlz_j

r

_’Os,é,;/ ;.,/ m’é*rx
: Crd smalles) /,_,/4“, %R

é}m% fﬂnqm{?e @’GA:.‘,_,- z-.)é Z — 7

ams
Disr Dy #-lis-x Oim
ﬁflf = N-2
Dasv Doy 7 Os5 -~ Len
’ Don = "2
-~
0

C-r/r»fAv}[f 0/:’..{44[ /fy//t f{l’m %

@7”7] 7k
@VZM tonwvert O Don like Zf/é/”’/"“/‘”’fmfv’

— 5

ﬁ!m Wp , J;L 6

e 17 Sl
ﬂ#/éag/-‘ 5( )+ /86 Zﬂy:‘/;‘f !
/)(/406] > /P i "

55 L\fSﬁ

H)""_*EZ Lo ]

~ e

g - 5’5—%’—’—“

V:‘/ﬂn ? 313057/3)-' 52 L)_)



ﬂw{ ‘ X
f )»,// 2
,.-
Y _

/{‘ﬂfw Lons v
/’EBZL—_“/?)' (—: )

ZX42—)
“Yiz-r

S
Zﬁfﬂz jiban; Py /*‘*/? 1?/

7/(0*: p ""04 /hﬂg/ IWW/yl
s /7 //&;mz'mf'?c 4,4,,4 %qare.r



-
Wes3hbor = Sor 2iny Jacku { Moi 1937 JmE 4 p06-925

& speccis /MA,; |
& vy }éfﬂ/ccj 47/7'7//.!/!11:.#
é{ym V J‘){*r //41 %/:ﬁ{,}/

1 2
3

4

= bix ; K;x) 53)2/ Zyx ) an € /m»-(é:

:AJAAC/J' = QJ'
¢
ward 7,4 Mt i 2C  Skm ﬂ/ &/raaa/ /iy//j
63::«*{ braved /1?;% are «ddns
: ﬁﬁf“f} e
SR R A K s o a
((/;”n-f-d{r M }Z/«VA ref
g '_Z; /ey’f’ bra Loy Lo ZX,V é}/.‘)’ ; 4?’
P £ 2
f”“ﬂ’/e-f—lm%éx%é/*flc ﬂ,‘;f' wns'iou AU
Vg E’ﬁ/wéy bl "_"‘_f_,___’ 3sigy
D,x o0y

z(”_?_/ i/&;é ~Lix - Lffk + D2k Lb(

"Z,V.z_/



L

A=

=/ i : o
i ZA-:)ZE /ﬂ"rﬁ*’ﬂu) i Da *

é-(aéeé 4 g /u:aj/é é)r 34 Aﬁ? /
8&4&/ %/ axécw/ ju«(.r I iy, SHM
6/’/“"5’ Eofence wtta s {’f’} %,éf quesgpes

//74”?1 0&/ = 7{!/qu )/A; zz/)‘}én,;,; DS édr}'/ % 4
% /;RJ)‘( :;[5(‘7'/(1 (f)f/)hq/.

35:"9'



\\
.
., YA .

— __:___v — — ——
-
—— [ .
R — —_ A — — - "
=y e e T —— e _— -l —



M=z A e
T~ F a/.)’/ﬂ'/lC/f @re ac/c/ /IM // w/// 4(/ é’ﬂ//f()/ )%/

@

l S
$>% % Dy + y/%*‘ﬂyfﬁzsf-&;/*zpsy
‘554(,,,, , e . A N

JUORS |

2 J )
\573-37;.: "/}'{9/2 ? 5’%3 ’ }’93;, N )’937 —_—
7&3*@?”/21‘93

S1-Sig po = Fue 4 s et

p/'.l* D3(i < -.DIS ‘*'DZ}, (/,.S'mt:/é/ )[b ép#ﬁ{ 14/ “o/q//%l/‘f )44/
Dia *D;;S D3+ Doy= v+ D23

5 Lo <y /V«TW cozd? Des

u,/ Aon - a /04’40"-{

Dathyy & Dnr by & DyrDas /Zwméz
/),).fbgv L Oiv*rhs £ 1?7"027



- G~ 77// 6

o W/%ﬂ/ b
-3/”555//-—@

OET L g

] —// -S-a ‘5 7%/ )',p\a,é@f B
 lowsdem S - 51,;:?2. !A*Zﬁz//‘zrprsf D )/ju, A, x - j

__L‘ /-ég 7ﬂ2y ﬁ;n 3y ﬁ,,, 7‘/ Z/
2_"0, - zﬁz) Di3t Do /)"Q 7/]:3 2}17

7‘/12 }37"0‘)5*\---793{7 -
- £ Dye » - Din
H

5?1 S,aga ?(Dm "/73/( “Dra - Df};}J

ﬂ,af Dz,e_ D)g ﬂk;,)': é#é}c/,l—g /C?»L('wa///f-cﬂe/
s = AC

- -,;’Z—zc s thogs L O

e 5,8 wedf b >0

/% |



ofis

T fhs | fottle f oy [OHE 15730.15))
D ,f/Ue,(.'./o///:zs , :
NS Ao Mﬂ&i/% 4_;{‘5407% %‘1 zacd;
se/ A Fowr Sopiines AP 7%&‘/@@'

2E /’Z’ # A fovess
sy Yy Haliry 7/7.%45%44 /wéz/ trafors



. /wo@, o Shwe K3 N, 30623

e oLgrront - cacd lppeed posiin 15 ripresenkd 4y o Ty
bk om a L eald Q /05,1417 S 7 i &
el Trw Teer = ot ) spminind sulihbibony

Bttt Loof Il e

— /{:n Ajg},
- ExdplE bt b,
Shark a7

%w;/’mérl /é G 7
, (w - 44’01,,4(‘? //6 é
ooy EM

o %y

y A c ¢

S IR S e v
z>_/A N 4 ) )

17 o\ A/::< C>‘0T/<A P”“’Z’* o
KTT)Z?S (r TT>T'7<<C CB'T-T<; peetm £ -



M Ll
I///ﬁ'/j{?(m;{é e /04/0?'?4? 74(:-r

bl

ﬁalra-rz;f:)él/ a‘/fm it i, fog. wn At Srees) M

~p /3//1/5‘/—:/,04 o aé't/—wjo L i wode/ ’%

- /- = //4'/74"4/ ’/__4 S cironsd

P////O/: MY Y(OL4: ) 7y A
PCO) S PLo1H;) 7 4y) AWMLY

Als)s a prm fpobrd 74 o
//-’,3 qmmvi// ///é’z/ g/zw//// /é‘é

= KO
Z H0H)
. MiS /,éﬁ« pndl T S o o/~ matmz /&/j/M/
Efmyé

—~ (piy ‘r_r,{,’?

A probfH)Z p = 4
o 1) Kehendy =)

._AAL:: %//&/é'i: /’%é//‘}é/ﬂ_{é
byls L) slopk o by i)™ oo fla Lo oot



oL logl .
o 7;‘ .

A
V. 5

/%c’- 4&‘ UWM

@@’ﬁv 4&5 < ESTIMAIE BRANVCH  (ENETHLS
[Zwoc,;\/ { Firepr JME 3:061)

m

A 23
3 Xi= # B‘F 5ulp$“l‘l"}‘u-',':onj

; } —
ﬁ ~fimes= ‘-'-‘L’.unwn
F }t-
&(X:X) = po. "//K sicls. MAMZL

. "é
= léxc'l
X/

/#mwﬂz

-!M»MMMWW%%
/"%%"’Mﬁ»m

"A ix &mz_s'

Esrimann

- cam only calleclets X ) 5 ” 1, - bh#1s)
i J?“
lgumngz Tlotatly b= TFT Lt T

- (Y

XX

Zd
MAx LIXFELINO#T = % s M Z =5
? 521 4 jo




f—
2) bovew Seas- - ETimarE Jorstos y f Bawet) CVerps

"P“’{V"')é'é: /ﬂm{tn An( £ Wfdé 5‘-—-‘/' (4?,(

~bbkelhord can & Sftea[q/ by ket }4@/ “on 4 por nucllphd fossy

X Y
e 2 3 5’ €—-06_1-¢.-rv-¢d‘

3 7

£
A=A=Zf_'ﬁi .éf&_‘.ﬂ_/i,\;( z/h//g/okblg:!é&z‘g//

[he _garm Mode/ /7 ( Atj’o Hatd
‘ é - -lf / 217,0 cf"zt/’:/o,o/ﬂf_‘__-lg 6%%3//

/zar:
714:/ boodde over alt sty

J‘em?f)
@f/ ek -munny )é;:m,; p/ V:/QZL

5/,% st SRl Hee

Lot il

4
@/uf;-;;}jg;y ---nra,.}oé el ncis :./ ry/—»aﬁu,_/
b Fon

.



-

flle fop olir o

pattey,. )2 — 7
//&chu)cﬁ"«a

)f/k)éth : /Mc( .S.'g(/n ;/éZ}//, ('/’///lﬂwéu,; /ox’é”;f
.a«c/-é«v_/ro/, p(

¢= O e M~/

2 f
Xz A
S/Xa. J} [r£ [x}é./——m

7: n(é lords cé/&m/f on whe)f or dr //ha/,é/ pwyvid

-wnd = AT
“recd A

<

6

-

AA
AAT

(/\zsfln'/n%*r’ é‘/{‘ /"'7’/(/ ¢rr

< =& of puendy

Pl<p) = Pl K>
A N s )/a?(/ﬁﬁégf )(=Mbw¢% aénég%»i/



o X Ve ¥
g

,%:- Ast (3"6’50‘?

,4 %’V_é}_cj, /L/é,:,é,/ Mi///




% ﬂ % W d A‘w;gx,;‘{w/ /é;’/,é /éf;’é’/d

2/ / gl of o/ JH 2351500

/MMMMJ% 3 / / /4’.:,/%0 ¥ o7 Lty 5955'&1;
7/79/,7-2531}\( /ﬂd"#w.;/ Q--éﬁ’/ﬂdr-/{ / = ——

e

7 [)
écf./ /Jm/_/.;z/{ 4(5 ‘f;f/:’(ﬁ.inf—(f = _/:“_'f_/i_f:: 2

Ly S rosey ~O0A A’;/j _r;/@
'/'/ZM(_/J‘

Lonney o parise Q‘y/ﬁz:’w Lov e XLy e e 1 cons
570 -‘/ o/# /7r e

Thtr PPz g4, ConCer’s

62’045/%}9 174/ /9/?4{04 /(é
T e 416




L=/ iy
2 = ('/(_} J({' 72y, Z-K“'
07[/)(:/){2 vha ']/ﬂ) [.__/fﬁ / /
%‘lj 3[/{/.%4\1' MaK il pn ke~ é—/g

A %// Los no cyfr -
Zf&m 205 /qwj m/d// Sy dons’

p Seq< {(j/_fn))
/«,y(z Ll iy

K il L

- AT ﬂlbs.
Pp\J' : "@5" f

J /){/-
O /é; s
7{ o i S e ——
cIEREE e ST

e :/9*""4 Ve ey Yo Al
A (Jooad s
ot HQ{/{/ Q:@'/’ay/”//r
wa Mosimi A



,—EM )‘@yw?y// 7
sk vy O
s O ik Mat 9B ik > 96
e ey Gond o pef &7

by Jo/ )7 Lohe/S k)~ 1 we (k) 5/
by 1ol o ple) = dplalfd) g o /s
: Folin) " 7475

Weo TA7
—.Mq//f;? //u 5'/257//4/55/ 6/ St nn /”’/ Af’(“‘“’( 2:/)

J : S =rl /— w Sl

/j/oo /5/ /jfe/fj/r %/W /75/5,)/'7 fo (5,4) =5 ;}_ﬁ'ﬂ/

B T 1),
v

5o 5) 350 /) |
# - snch Hat max E (RIS lobo (S k) 1o

- /WﬁX Cﬁh
“ZZwo b/ )0/l ff@m |
#(fr gt 2 o s Jiiy

vk Wit /Z?— = :{“‘9 %/5}_)/?/454)“}
?;f,{ W@-Aé/{;/ }1/55%‘3“/




1
y s e

“

s s / P i?S/’:"
P SLT AN TR N

o5k )~ Ko (S ) 1k 9ot 5 1 4)
= Jo /5 /) Uit

L
&U_s"f//e/: {Jfé"dvg //;/ ’ J)éz 7 Cei

- A
/______LZ_ = /étﬂ o ,g:é{/-é’y.z

i —
IIIIII _‘_-“‘-_-__""—_’"——\__-___

o (S7)7 Z fo (S98) |- tmwmize
. = = /5.9'/ %/
wlts)” FHH

J

re ,q.)[ AT Deas 2



For S sepminess ﬂ?g%c.ff {z v 2%

4 k___jﬁff)_‘ré.)én

o '?/yzm«JyZZ: )

/,V(Z /‘d‘/(-//f),é. )/;{4/ /J/Lﬂ/;-[ 5 4;)‘ A %f/ﬂ&/_j‘;/
T 4hn yzﬁ‘ﬂﬁ (f’.{g/{_ /VW-/#V@;W e A"’h

sbicr o oo, Tl R

Dfe féﬁ%? Ahalvs = 6/&5$ _rﬁra/ﬂ/ija
N/’# :
— i .‘ 7{’7 Ly v a N 7L ‘5':7,1_,-1/ [ZAR Zﬂ p‘é/’ﬂ? -'Znﬂ/f[wy

I—

f‘:/rwu?/: /y :
é/,,f;é/ "pffn’)/':/gr 7}14/)4 YA
=5
r - f /‘G :
- ]{//05'&4021 % /@ = Z"/‘z; :é‘ﬂw’é/”""“‘c/ story

71

== e A >4 Mmaximi 2 fff*" /4’_.,- {/” /j /j orer @//vé—
L

5

06 A‘ﬁ's{ vandem s )4 ,,/

Viare J séf&-%ft? ,9;,/’ . )
@f{m ;4%4;( VW""Z %ﬂ b j/( @,L'y, Wg,,/;f@é ign—, (% u,&?f
@'}@W/‘ﬁf /m»%



by bty S i

~ /%//!Ca/éd go'/{yb/ V- 4"4/7”? %""" J‘;"—gﬁ(y

@ Owg 2 KNA —> LR p7Emn =2 £y 77 00"

“ Lot lﬂ’/
“bont R j{%«w)é,'a/ e
Kbl i
%ﬁ% ..q_ /’..loéwuf?/&""-/

M yful—nc/
:é;.gf?%? et
K ot o,
%th%m Gpotirra %?L 53(2’ af MM/
| MM’ “ ”’; 2 @%Nj% st set Meaplitnr
@) )
o R
/@/@ @ & - i set frolews: Seutne,
S2rd Ly, /
Con adbl W‘Le/a w7 Y ém%ﬂayoﬁgmim
0 ‘\—70
/ \
G @,
%
@, O



i 30 space newdie & 4 Mot Ao vt 3, ot
ok o aeuced ,gef‘uza/w

Ao HAsgoths s
@W o %/{) sm,a.@énl \
-y BN, \ __
K ] S
pot. o | ' ﬁ
Wﬁwﬁ? A&M
- CRY Ef 54 e/

Ke. 7 | £a

‘ay/{a,qo s Q3% @m/
 CRawpomszer B s - -



Gonareloy /

e idiced cdgheted s34
' by G/%Z/; wto ffens afphatifs

"cmwaf aa o ié(ém@/ //WA
/5? Eirvipditss %M




