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The Boorum & Pease® Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing
surface and erasability. If, at any time during normal use, this product does not perform to your
expectations, we will replace it free of charge. Simply write to us:

Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn: Marketing Services
Any correspondence should include the code number printed at the bottom of this page as well as
the book title stamped at the bottom of the spine.
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One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease ® Columnar, Journal, and Record books. Custom-
designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series.

Made in U.S.A.




- w XCC \')TS'&\ —— =

M@XM S E FrN M
R )

L 6P
e e w i @

SEE =& || [hoplh

N | \ 3
. "R L 2 - Pl T %C'[ KoL
- R o f? TS %
— ﬁ% Yot fe 5 Obp
__. | TN W }di "ICS‘MLE_ \jeae& Cou X &_G&AMM_L
b Xl e ok 8BS o ew) ouwl R L GanelBe ke Oupbel )
I , ) AN
- j Y 33) (Vot-1 | IE
3
S L — ? m'
[ ushe : ‘.
. fﬁl N ——
B | = e /
.. . /
| 4 /
F - L. — — ,,,,x;_/z
o = E—
F— R o







q%

A fLQ 10erS—+ \OM NaW
/\ 313}12 W
v




| o ) =
| — - .
| — - I
| SO l




—_—————

l--——s,

Wes “% 0¥ %‘“W W e ’
IR o Vg, Cia 1 Sea) \—“’ ee)
= 4 \
M?L(' \\)ﬂ: rﬁn(‘ ﬁ% CE E CAn ch& SCQ :
o mptq DA o
2 WS Take LepR F\u';:effm .
§“~ A Pre P f*i,.&_lan@w 5M Naco o
! ) (R Yo “ 50 PE dd )
377 N i , i
Vst 7 (age v ane] El 7Yz
Gtu+ o+ Yha Pre " .,Qx\m )R Gax A Let U nouMS
W Wetoozr'
ety M Tt A \KA ﬂ‘o &5
i W U o [ St | :
. e L \\w 073‘5\*\ ¢
(i b e e, )
= -2 /wl/gﬂ,.\ﬁ ,;).,?L\ > /0 ThSawm
Xa| D S W iy
bl ) U 4L geX\oaILm’—%O/zooM) \
e bee | @ K %OM -
- b % — 2.%
Xb , 2
f-\r&{ Tdes ‘//,l oL Ples d mons
Ht¥he 4 ue[;.:e xmdis-t_o S Naco
.+ Xbo, Vo i@y Sy
\/ ; V/..X_, V}‘\y, T l/\
[PRTEEALTS hopt  _ Lope  bop2 (Raxt)
/ VG /o™ (*35&* "l p0Y +t6/ah§t1t LA 3G
| G'v ' '
L | T ] L
| ~N
[ \ \.. MJ—L—“\
| \G 5 ¥ S ainl
. ?7‘1&#‘2@«




B FE . Loses Ml .
‘ B orond e d Nl el &
: X Jo vt ek v Sea G

A Cam ', Jlma& ons (3) (
pep— R e L Son gakin

b ot and wre l

SAxNat Yund — et Gasert

A Yo J,-L.‘S kb &W_

- 2 - i A?«ij%

SANGS g o op P
LA h?_.g X =
} .,\

ha ",V X o

|

AN L2\, B

|

r
-

é

T B




=
k |
e ez -
1 (3 N\ L. ——
U Bk Vake uD'QI( ‘3 Sq BuoR) o
i 9&*\%:_@ i )M) AT het34 e
Gicx | 15— 15 s e
o et o A %hor_ PATINE N
3 Ot Yo AT (2 6 Tshy| [crsay]
T e B
=== | I . S
2 W I N L
Zf& 3 - M P N o .
1 Lll.d jj):c Li,\‘l o
T g%& coonferitin
3 2T B QM@%] o b ol
= Iﬁ: Q2.0hb SC-LL‘& g%iﬁ_og o 'ikh Pon4 —Sa 4
| waert G- ks Mot A
| G?:‘ MMaﬁMA Nt 4 A& LM
= Wy ,,W Qu(niL bod Wot T Lis \eerh onk —
__J,_(}\%@w\ de blux s ptaco o,)tw-mﬁ\&ot Q-NOQM%‘ ﬁ& Caﬂ\
L& NMbM _%AMM ekt WAA
M \Jo’*\gma\f‘h_,;k\fc lNﬁEva:ms Neead &5 cdrack gcn.L? \ | S<q
S Pe o Rtk Sam 2 =Seatr Kla
— Yo | Now s bof 0y Soe T ol bk Tms,\ New o dadde Seq \—C 1Se,
— bt [ Mowe s i.,,,‘i\,., b, Neas b chack Sea |21 TS, )
= ‘ R
- 1.0 Care e Xko ol \(\m Nob Spe ?M N\Mi
. “.




,L_} \ doed wat cek um

oo Vot Ay o

- [
_ 40_,&952;(-&«@\ |
P : X

’\Q;EE
| b
"

FZ

R

) W

k

__J N

P




ﬁ%w@w o

_m |

\.\»Au-rsh.,.

,.Ju\

‘\\_,L\.LLA, :

Nt |

RANA 2.1 Sep-C ca_cJhack fav Nok AR o Pt

—

Tt !

X, |

\/

o

“Ta} \qrfL pe Tusogd wlel

5*1{ \ORES + \,0 M NA €O
dd

| 1\

v oy

W

%Z—‘* o
: W
M
W

AR 1S

x\m \t i V2 pp

oy {lot2s

I

s
<

T

37 15 o —

":'-.L%‘.;\Gw.
v )

e

9 0l

Tk s‘gcmjﬁd: A PR R

- \) Qaa\kiﬁ‘ &.‘5\»\1 a—-&ﬁ tﬁmh oo oxe Ua RS

™ 5:00p “\1pfwu\:’¢u&ygjx 3 WY\ _‘_l;)b(j‘&‘(\ﬁk)(

| b LR Xt Nt
Do Yo bea T~ em»s waat P )
deui LS

Pipies L %y

pr\l\. B )

W

%Urt




@CW

) wmmmt-a;t LY _@'ﬁ




T ; v I Ta\M;JQ (0 5 &s\u 1 G'3 S
] mmgq_if_xprJohk5t1N~NQQ_ o
|

W B e
‘ W 7 [V o8 Sea T Lot 17 (l0s
e, © =5 i md \ﬂ‘ ——
Aelauy - ———— |
- #% /sy — |
o) ./ 2over)wr30 o o
= ahi %L__f v AR ol we
T U e L e S A ——
%e | \SA\ R Y
T ~§Emghm
Zld I ?Cspr-fmx 27T ZW:T’-;SW o lpw — 54D

[ o
— L\M \_.?J TThus® dec \T

o ‘soumﬂm Nhe T Aol Spe T
Cﬂq?/ MMS’&,X(N«AM\ %qt]!;

- 4»—‘%—<r-1r-ﬂr e pr——

i 5 \(
! ‘ { E Dol i =
- L — o -1‘1 fr\l \ G t \ 6"
—r -s; Yol .ﬂ L g e [1

/L..P\.«L?t flu(Labl3l Lotd® S Lot 12
(5) ﬁt{@ (331

e —







BN e e 25
E S Sy
10 I i Q“‘“ﬁ V&“’%_KQ

Y **és“' AQMWBSﬂkj
\ Net-4 &‘%M“&i%?WA Am% '

S |
's‘“ _Qut ﬂ. P\b Com | e HER Ty M
&&\L.Sc*t-t_}{\ 'gr'-- Pt -u._~ >l ()-ui' l" \&b&')& |

‘%;. __-‘ vy

2 ' @ﬁ%‘? Ay Seq — 0. Req

| 68 ol Lipe (@ [0pa ) MAIJ 6z ——— )
Gt \‘“2;{}%_\12 38pe prRswNace  / (6'13 {wosﬂj'j )

‘_ﬁ,_@?é?&& VAR My > \ 15 |
- 0=} V /&t pL At oty Couy o)

. o v o
ﬁ:% BU{M(:XFL.‘.-_%ALC\HP—Q\ Y 31y
I Vc\ggﬁ*éce?r Sea =210 —Seq v "
L ¥dihog " - |
) & *{W 'R\;g&pe T 145 3 d i N d [
] lpl lor R4l ¥_é 12 1A !
B v ST , Pac 2, b
Al */\,x"i\”( (w lwa) »'5¢ 0C M_\"{}GL Qw:_gmi A
73‘:?%3_% A 1pe TRCA Vg (10 [3o74: 10, I0F |

B



STLTNTERY:
/ -C%Mmﬁ_mew 7 \‘__.g
(gl

f




") “ o ﬂ

e - gn . ?NS ‘ Vﬁ_, P‘kc. I.Jaj_ ng, gﬂt»\( CmJ:TA >f B
;»:pf - Ya(i'l ‘D..\Mm q,‘go\ut %b«bae‘“ A bl kb
g}___.__j&gakﬂt%m&{ ot 2h Sa— Geq B
1Rt o ‘m.\k ﬁ‘,e Q 6 a‘??

Pce&»?

— [J'Q i‘l\k\% -E'__t»Q
AT
s —my N AN ”“‘“'fi_
— U= Fs  RaFlus o Packin? Jve £B7
Y . RP™ 0p

Qj.bko maum\é

_— - =
v 1 1 Ty =) *(HQMPJU{I*{— )
| XA M \he %2 Scel . Nwe Seq 4 K & 50 \ﬂi‘é
- | L\ S Y L

Q*‘EDMsM)( NaLe




— 1
—_— 7‘. —
|
- = - I =
[
—_— s =




\ Bsfovtht’é(y’Gk \ODPQ (¥3pa) 613 q Sca AEC
__43_{@7?“{.‘ - \O[J-e EMNH A

R

e %SE?Q 6 FT , q
»

:

G('{Pott * 225 pe 9_-&6% ™ o

AT [T vy cgc u&—aw& Qrﬁ.m‘“:!i

9159{\&?

_G'TSAQ.Me"’:Sca Mi vv

(e
L8 e Y yladsek Not- coat 4B 6 CoBO0E
© N6CTG T
ek L\ QVQ.__ y‘?’f{% RS Y ‘\T@\ et
I | Qe TG (Mﬁxwm\’%\__.__,_ ]
o e _=° nﬂf?:n 5: ‘bgf'“\ e i
E N SR A Vo VT . AR [

--.'g VAT | i-l- '1 P&MI\MQM f\()o[ye\ ) \8‘“@"’1‘,{
; 2l %K.L%JLSQ“‘%

et “ecsla x*m _
0L ool i@/ So ot
-"+ \_'Q Aé\a) ( LOAP

+ vt N Tl T (\uulpt)l )
Ry ")Wsr—;c )/ 'so&h /5'./

} . 2000 wm (k| S

- | L 2 e wldtack e MEd
W , R _30ue. §6°C ﬁm«\tll’sr'“c;,tzgéw !
2 , )F(@e@/%p.a zmm& RwH:aﬂN\ ooiﬂ;




aGn et |

-

P11 S

Sz 2121 5002 L AIL 1T S Sel 1ol b g L

,Q'ké Nt e prof?

. uoozicA
- qoa&bﬁ%&ﬂym

_ e ,A,' 7\§
?mn{\@..‘oea\.ﬁw 0, \% m;&):; '

SO
\ g WW‘{&J&(‘

e W27

e

= E
-)':,,v%c T Waler
fﬁffx ﬁi




Vol e, (7
T[S M s oy +
1= =

Dot | v

W TalM00 e 6 ThkebNot clAd
19 Peeliq V" 4208 GY17_BS Net CLiP
b Vo 95GREL0Y
' \-c._\{> %o




(S F‘m

—

Oligo il 17447 Oligo Neme: 5\@%‘20 Bl Ta
180
Dite, 1 de: L_77LEEEJ m ﬂﬂ

l"jg?(-lu-glg_% ([J & l =] ] [:ED =

‘ Oligoit 47, ; T : L] —  SEEEN
J o ..Hﬁ{/ r2rara

LENGT1: L% R[G prr -
"’"G:'“—?-LZ m [&] dG 2= )L L 1 [T 1 1_




_ T - L e (L\q,\ézﬁz‘a—_.—_ -
o

bt ‘ Rin.. P —
C & — o~
W (‘* o Touggeh 1
Sh Y J\f_“’ﬂ W Wee 7_2“‘4 \Lé TN AP it
ks R tl\ \ Erl P
Y W NS |, ool TNH/cth PcR Cadke< ‘
Nowar) Back Guimf
. E%uﬁ:@,t (= 8 90> ( m;_pa\
Frox MW 20y vc& 9.5
W %& 228 pd /
i) Yed &NTP\ B N, v
Al B &0

G”Q_\ ).LDL _rw\

Fi5gRed clar TN pouy 10pL v

! \

, 2“?“// f_q. - VL w@o oom@l‘ﬂ?ﬁﬁ"

v 5B oL T\ LszTNﬁwm ‘§5pc 162 Cotot THAP B0

./Qr LM‘:'"‘837 P (
VoS

0 = Q.S_'JQ
4 ‘5\_]»“-!\
Dowmad

(2.5
S m\,«m ”’rmm

Qi (q N T I Al

el

-

N L




\BIWIRS ORN
ﬂmm}:\win@m -

<y =
Mhﬁ,jgg m_q@em‘ejﬁm Z
b e
@ -
m@éti
! z 4 N A&Q%XE@R %—‘-x] |
l

A Q?tolnlpj\_qﬁ%&
T-Nat)




)25) %‘E&ﬁﬁm - | P
é&g_{ﬁ | | ® B Tl«.@ Dec. 230 NoA—  WNek

l__“ﬁ.u's, JT //X.Nﬂ& S — ™ o "_uk N
R S T S O YO WMot T

L W YRR AR Boer. Mawm..
) SNt /‘:SV%VQ LOYRS + \m NaCh W3 W15,

4 EE E HR0. ﬁwmm& +_l%

b, %{m Tog. % o\i % A ] [t'
—Not), 20} %n YE [OX RS+ IM Na QO _ .
y /L?\’\ru L _,JQ N4 LA 4T QL» / 2

v

;ﬁm%d@ (FrX (@vﬂ \%A e

G, o, O A O G ﬁ.

3 "M%ME&VMWD /
| - ~ (AW Tig ot TENEERY |

mr,)é frm% 2 o b ]
I nhrr \ !

i \www TP gy g | I N
SN T Qﬁb&u&w se |




/ L
= ;

1S

‘czftg)dly@

|

e le

AN

BER

L

-4

m’
N

| &

\|

e




; \A/ L‘ j ﬁ%Nj_{N_s\_ >0 2_’-I:Q—._ I .i__.._._w.m...__\*____;_h_ﬁ;

S L —
7_‘A_,‘\T- 158 M%mﬁe s 0 —

v GJ,QH&“LFCQ: o~ _).agf |
v b Sl Lo e 00 WM ERTY ( 03,274\'"

B !

5

5

B T e it Addtmallll

_%‘5_,4\6;2:1‘_«3}‘}304:@ V5 Wof'é“&fh:&g._yg;
o TS sl ek o gy M
T _v%f_‘_\mﬁy_‘?(\____ o & .{ 55, -

— | o P lag—
i A R T e R T

B %%Bgﬁé% %

RGBT v 20kpeR 29 |

T Mk Gare v B 00ty
W | v—_ L N




L] L 1 S

| —
- | 7
- | B o ~

e T
— . -~
. | S
B . o




: %7 me,_l\ Qan

! w37 V_Sd.m 621 P«-Jp <> ‘mpm st INZY A

N \Eit.“dv %_asi _/6 N

e o

L - .

_(\0) CApNe M

\J-) |
f/\rk" 4

Cphak=31%240

Qg2 cmé,‘lrw

U —







M1 X KT ) O g Q}!Gg.u\\/'r 25 G~ >l v
X1 RC D g w bTE PR 4 43¢
tec| Pre C [ (oude s . DMN e 2250 0.
k] xo \& Frene . Gk kr_t
- | KKC 0 S00¢€ ' M
W Fos u;.o:"c, i "%‘p@f«L = e
u ;\E: Ly . Ltz
La 2000 629 Tcae
é:! R W ﬂrQ
e
| ngfzxﬂf
WAV -
Ve \%\X,\‘ (24 P T\ . |
L O G 29 P ¢ ia-// v |
R ~ApR) < 5pe(0) &
_ JTT e Welldso  YagTlooll  oo0n
. ﬁLb*WGz?\TK;\'_ﬂ_gﬁgM POy| e Lyl o~ —
| 1l RKeF Tee' LN — \
30 ('29 KKClonrer sk, == @ J s L\
E A Va9 g =)
</ o L\ S AN
T Wl \6tas X
224







Gty Y.L
ey . ¥ W MD L O't\
\: 1 k9+\MN&c,Q
= G3\ \%/Ni S N BO\J& W
e ) Fute” | {20 \‘{ O\ + 05 MKl
<, ", 5\~‘L Bowe . Mawn, Prud LoA2% LL&

;{/+2- yQ Ner L \etuz (10v/pe)

&ft ?‘N'&u\ '?qc i 1

. \717 52 8 (10pq) 6271
| 8'9 SH 2143 17 3 "‘
> o V] a2 ,«C YRS + | MmN ,____aa Brsjel
T 2 i \G&l.A‘lLu ETC 2 R—
. i 20 104Rs 40 5MIK s ) —
D PasgR.e s / * 0By pt
S A5 Ve e

T’Q(w") wﬂwa)/’

- 7\«at.’>%’ B..J o

o —\U Ei/ g\

—(F3ttn] Tre ey




i e i e S S el

. s E o -
ﬁlilﬂﬂﬁhﬂﬂﬂﬂhﬂ!ﬂﬁ]ﬂmm: s

=1

[ 1

1 A A A A A

A

{1

|

| |
| ]

|

|
|
i
|

1

\
I
|
v
l

«s

1

|
t
1
\

|
f

|




- P@ V,

‘ @15»,:4 \:r&-JL) [rv

G312 Ry
c33* pi-aN
W




Peptiin, & wmolt LLLS
Aok v 0B it a
d\ﬁum _745( 6’2

<
- .

——+ .
| : SR ————

L l -

| - | B

8 | - B




o
o

o %u.‘ By
7 \(}v"/’}\ L T\MA —gv\‘ﬂ?q\ Ko
by A e
cllog] @}@4 e Ca«&@&m Moo » Voo
F A b (GRS A e tz,r = Glma.c -
Nl bk ane b K\‘w.nr-c’:t_ QJ( ot
= 97«‘*\ QswpeCcone™ A\w &- W
B (1 e
PG Vas ﬂq 'wta& 6728 Tome (Ble) o
1635 ¥k v ,.)L\OH%«—O SmN&EQ -
, W69 AT ‘JL:LLQ -
- wal | - -
et f' (enl ~4, fem:r(zo.p ST (a0d)
| lvtso 29%06 | Loew.m[,»@







wiﬁ;” ﬂ
(5 hownst, ¢

‘\\q,

T 3 bemf, nad
1ok L hph Qave mo Nd{'_sJCO)\

Q.q Kv& L wo Xhe o Xha, &

J _ 5 pa) D59 D> E5) 09 o |
G ¢ oﬁ gﬁ Riz.ﬁh_‘ I ﬁr]/ 4
4 rl ddw N:iGS S
N _~ \/QHQ _______
J QI(ZW) MT_/I.O) -
- \gst.? Q_Ou/LJQ Ldt‘(-? lOu{/M
i \ 27 107 D oPXN |
G4pe. wavi\ 7" 10 & Lo b 350 |
b "’:3_51 s N Kg;"g.:-sb 5 ) |f
L J > T =05 Q.,uom_ ) f%‘g“
(g / Tdargope 6'57 orea Vil el Gk kel £t S |
3 4(30 pRG B Pbeg y AN v rtiia @l
. K — ) PO (-»)\'-_fu'aﬁY e . NG
] o[ 2 sl |
b R S R
- _\9 0 M v b { ke 2
& & xﬂ * AT







_%C&%

frec Lan ‘o i
Cv ECGCCTTH C&Gﬁﬂqé@?ﬁ CTC >

@0“‘-1“"/‘?“"‘ |
A@t’& (55 Mes Klor (| MM f

“’_



T
A
G

o GthcR

Dcoduria
z\ e bl

e =

whg M..nwﬁ X
gty M«

Tﬂ-\"‘u»%:I-\ o

l
B fmlb

Y] (N g PR

g |




e mT@wmu

7 e C(otatad =0
AR L Otk -"'-_ > = gy
.“ﬁ*‘%ﬂ?ﬁ M YWD
%C ‘L__G‘bjl?-tfkv

P PR PPN S\ G
; | 6! 2} Vet (e id) 6'35 Moo (Y Mg&ﬁ;%og*_
*"“;Mﬂs'w o - 635 e 4)7*_‘%‘?@%,;

Cr 31 Pxe ; 6—'35 )%&3 6 5 ?(‘c '35 kats '35 wg
6'29%eT, 6'2%5m C o) Ooitd b Gl i bp  M:3Tan

*wm(u@(w G2t mw&m)_

G*ZQ Y\QT%C q..J T4Cm\:k 7

A L j




. @ . 11
Gl Se et NN e

- 9
%&%,a\\}t@ v —

NPT m’\'wwm “Qmmw‘:ﬁw& ;
o 76 C Cotta (o Mk&mwﬁnww 1

G%ﬂa\ mana B fuh ok Srablisda m___.‘

‘c—vm'&

eloa e T — Lankd
b

zH & 2% veC ..Q.Q,

G ?.‘l %k C L-Urt&_l'kw WKMLA:;D 6'35 Wba (
L5417 6'29 @ C conc

e tﬁ@ Bt oy |

_il \‘Led.&uﬁ ' T - ___),
— 6317 P 635 roal 655 Pee G35 Kan; 6'3s wxg )
TS T GTo9weT, 6'2%m C ol Oactd he bE* g° 6%, 3757 e

B s - Gz«mmg

G29 m«Ta;C ad TEC e

R —
/a0 ~120 y(— 6205 T ol v LgﬁOH/HOQ ‘/ -
- , - A< - / - B




De~t Var T (e 638k )

o 643 ( *Tﬁw




P L

;‘&L‘!—J B :E-‘-—:v—\ql
) |

o T Tl pL 6-2-?/4% _-f T
oo N r_,g*}l‘;ﬂra 0% NERfufPer 2
y ol

i "rrw:é“ u)?&!oal LA 30 '(wv.l LA
/‘,7_* i /+ PQQOQ\Q%‘-ILM:U(- (ofp) v

%e v
629 Pre” C(*,'gs
L gt0] 643 Pee € (o x)
S Cv'l\.'% Yok C [xi1e) o
(24 __hé Ceonc [ax 620 /10
1w @qz-rw; (%(,mjloq_
] 043 P T (%xx) T
hﬁgﬂ_ﬁiﬁ P t’m%‘)(l R R
i G35 KR Yoa I R
—————8 | e 00

SR

- wl |

- 6‘1&3 Ceone /(O "»J

4 045\ WY Pe*k_Cé( \L)
L~ o+5 9 L3 W)
—— _/ SN,L‘«}TCN/I o







“&M\l{@x\H\ uﬁDK*

Yy, i
A /,mL \L&Slw O \Ae 1 Q;on;(\t\lafq +Rsa
[\_'a Khg }’.2 R - S T W - G 17 TCa«c

- e @ \.rqm Tﬁ;&&ws wel v 6—'2'

: | cé.fm\t : sl o Lok o fs easms( 2: |

L2 fonteed Lk Gurtnl |, e &2 |
Sn Y| e N afbwe s 6 , ;o%aswsmﬁam/\o ,
L&m_&d_‘___)%‘s pe G 2Y Teone, T\\.)\ o M /
méf@ﬁ LW A0pR \0MRS * 0.5 M NAQ 9 o«hH\
Ly e +770pe LW
%ﬁ = e Yy /mw i
4 Gy ‘/ (‘T‘ug 1 2‘.:( \(251 A PR \‘56'1 2p8 \\’J.ST.LUE‘ .-['(.\&:&I Lif.'

i Y ET? e [T e |
ﬁ@ ]L \ Gus I~ \cus -

Vv j—— — ”a'\'\zm%or

| Forget 4 Keak ~ —enccalh 2, pre z@«m,g;&» ak 70"

N-u.)\‘ 7 ’{\4‘)\ T A

Nag | WoretFe s wrad, A\QKEEE.Q\: o L \Q&r'&a—m VasT
} ?{“1?\ *- 777777 \
e | ’}_0 {, 629 ‘(’mc B ¥
Ma | 2 10w R ool - o
B -'c'lgvt Ldos
W N A -
N> _‘BP-{ GEATES @‘H‘*&BU—!Q 35209 L.,QOO?- Gu
P iPQ%I

[ofote KasT fost ~albeYat zmo
=0 g&g@gﬁ G gt

S ot TO°C_ it (za.}\

- %‘Z,EQL‘* Rl







. M\LM m\/m Ll |
— . ek - —

AR N AEPTUTEC Vi !
%ri_ ,, ] ‘20‘;:& 0xRCoaly |
| I 16008 YA

/-HQ 2 o6 T Cowmmandk) Le\ly & u]rft |

‘-v%pm wa T v\«;goo 20 .,/,:6“"7







l'qufco\m

ME G:ZQ el o Defe Lﬂw\%

| Tode \04; 629/t T (dxd iy Xba/Kas cl
FagT U_Grjal: =8 1‘1},& s 10 7 \W"*%llw/ﬁmﬂ) %J |
iaﬁ_.: AL TAM«CM} Vo(?q;O,‘, —
(g

5+ 10 ' o

» 1

G4 fre Wig™\ \9” L&%@ py W12 378 *"'zf‘
| ‘ —~ \-\-\IJJQ&';&‘

— PC Qq ”'f Mmﬂuw-ﬂf- \‘J

MQ& \Avrwow@u\ V\o Lan wm\o\w@-&

B O . ’
- b oD koise‘/5 < G LL“—?— RECT e = —
) ‘xftﬂ&ﬂ} " %‘»Q \Om ?‘\5 %‘\ G4t (-

i he kg2 €4 SR HET2
S TS ISTPE Jvigcm&%(u&) Lo g |
¢ ool 300 pon(Wed) J“fw P vty
e PAA Lo Foep,
= | T & 0T, pibge |

Be | \TEL RT U 4 Al
[ b 0 lawn 1 |20 )
-4 W R
m&%@&"i«\“
. \\/@%3(’ L m Sa.»\,\ V5
o Gsshlf. Gl{m&%@g \Opl 6 L7 yxTTio,"
¥ Vlj(u& (6 m) * L1p€ £35 \ox §
< Y gaul KLTL&
ﬂ‘_&ﬂ;@ﬁ BExx r ﬂ
G W | 7 10 6 2.9/ T, o
B_g_.‘_% ag <14 pe p 15 lox @
e all P‘€T4




’%w
*;*?‘:‘*fw

\L}ﬂ Lamd &,

QiLE

%mm#

the 634 Qo v

Ak Rigs, 2r0e - Maqtu P

—

W\%\%& S

At i

wee A CW:

| ;_f @61%9><?< rewaed a5 0 S TH ) B i
* 7 ] RS ) ?)mer 0. OO(N\%T‘A : -




T —
4
®'§<"\. (JQ'G) W

51 BSPale LS i

65139)

N
G515 Yhor B et
Al

=D -t L I 0 \——— Vil T
R ) ST GV L (65!

\ s g_é_y({__ ROV

-

3T foc hiefe) Yoo o Kba unll W oot by Gk |

A Bt G3@PWLHEL ™
L&@oa&:&ili jt# o N
(WeFpedduw SR

whote BOO?\GJ?O_ B X Yuo) Y pi o7
| '\/'933 !J'C (RS A0.5 ‘\HQQ P :m

, \}:2 P RNAT N30 7 10 EoRY (ockt it ocs) |

{

Cwewrtdye 200[p@ Let37 . 90 of l




Ve /Nl >\ ke 2 (e

RIEL Y gi;ﬁ_i
Mummﬂ%t%w3w . %o

| o veiowithih o, Rae — Wok T AN
_J%:MI:) I e ,;I\é




L Rébeal CQM_\@ j«m %}m P mu._.f 3

| \aé/“ra\ Lo G944 SH Z(ug )
L Ay %Ve 0 g+osmx)wz-w :
R XX , -'r—?z\)'o\ uh) — M
! —~ \
), * »2 /“’* e
\pﬂ\ﬁﬂ:/ +ng}<\~a N
) beso T Letoo7 am
L e R N s —
2 4

- %ﬂ&uwm&a Touh 43

A Y310 (6'15) — comnck
3 (SZSWP\" e 6 e
5 mm\@n Nw o

i
\‘r/"l;\/“lp{ G 53l \ S
\//<’~J< Spe le&S—(‘ﬂﬁ?N\u@\Tz %Jﬁ

L”Je tomeeq#q-
/./’Z *7'214 Ly 0 g il = 3bPQN~'~V

VG R T ek (loo/,i)
iyl

’:&IPF‘)Q Dal
h)

e

R

_ Hewsel
fee |

cr o~

Ree



|

1T

'y.

SRERR

|
[
| \

|
|

T

|

K8



e e L‘mﬁ ‘\m S ———
| s &\C}L l.l:Q TW N

X | } "\‘lD pL €153 bk coe KB | L

Tkl ‘5 go‘rl\_ \/+ S‘V{ TR A o S

2 \.,— 2O VL £S5\ h/e'XCLML
LV Kk

&‘y" GET L2 o'5® kK
AW ;/-\-S' QS‘MK\-\@Q

TN, BO\.xUE:cD\\

R TGN T —
5 -




| doanodadity |
- Xho £3e3 2t cae )
Sxe boSik | < Khobotho, g




F\n \[

£1=E

Nl 1=

AM °Q’é0~l KXL oA (onl‘?dt

Gm&{gﬂh\kb;’\ ALTIES B.(

e\ s

S \D\\ M_v_-x-

/2pe 10YRT cally
/-\—‘{3\

v ddw

6 e (Bu) X 1 ot OO (100 [10)
b~Pg@u )Bzﬁl A 35Covfpe\

3 p€ 00> WAL Lt 20 (200 };&) — 1}

G

m BFHT

iy \/’\i\c{ 15-‘4& 0% RT calds,

PIEY & PR ddw

g‘(_g{ !

AS pL G—S’YN\am%j




Ai—_,v - Sl <
'IlllllJJJllIIIl_lJJl_hHllJﬂllLLLlIl!ﬁllll”I!HIH!!'HIJ




omd

"'JL@\_—— w\1kb 5 A9 ._

X e jc; M Lo N‘:Qa,.?qk £\ Can baw?' G Y
Qe G neTomi wT)«g‘Q*;;i:
| %c,r*)ﬁk . q-b ¢ 4 628 Ceonet
L awedabte . Reveend wig 208 (ie \ M\Qﬁ-@k >

Al 20p 62 Ceme T #“_-.
1o 5){ orRdagy |\ 2L 4
70 P ddw
| , /?‘J{M\;I;. Lay, kv{[{.r? |
b g TN YR Lek3p 20l | e .
| Ws;‘,g e I T
| €& 217 2% 2% m 0l s (oR
" T - T PE— - o P i
@LM - *'\QQE ‘Dw76’d' l*_&ﬂjé
e @ .
e — _"}‘ | | - ]
i A -
BT cuk sﬂww_@l@gp& 00 o, |59 ) i
ks S x&c
Mg v
| w\;@gr E—T Q:@éuw K J
e | "
l*‘-:}w L"_L“J@(t’ afffit ‘“w‘g wbh o
j TRy 10pe (57 TG __L\,s, SAvap |}
¥ | "Vf\ - *29 lﬁvtif*\% }4\ s ‘wﬂ
/ + R we w N ] i N ‘ N |\ B
\V!\“%\U" \/—\— \J-ﬁ TQ. ﬁ;w&_\'if _“._w ;Z___«S ‘§7 _& ’@ _—r
y | I o RT 242 & 2p= .







=

W RO W 37:}%%% o 5 bond®

2\ )

o s ‘M‘&& G'57* Pre 4 L pexba T Lt30 @av{_g@_
\ 3 ' _e - -

Py | ‘o‘ - +l‘oL Kas T (ot " Cﬂ-/(@)

- — apsqh

TP O\ o N

\.?M = S o S| /4 ,a{-gli 2L 330 &

YN/L;. ?N;'CM [N ol f, 3\1\7»4 ;G(M Qaédu;s?
Wefo,

Y62 alove 2 i kKas GHRE.
K&%S@c/a— . m




SRARRIRRER

L]
7 |
[ A I [ |

. ]
L] |

”_V“, 7

| . |
,‘,7ﬁ,77 __*

_,m‘¥

L | ||

h,W_

| , A

| | |

M g* , ”_ h,
R | |
L] AN
SERR IEERRRRERRERERR
i !
| INEREEER L]
, | | * || |
fﬁ
N ﬁ
M ]
o | :fx_ ] O f-
SERREEEREEEEREE B
S | | |
| ] EEEE L |
Ll ;A};_.fh LU L




TR

|

o

L3 loa™
w M‘ B

R

W
By g

8

-/ Tk B &‘s—‘tm«c&f

S +\\-'L_Tu,qé&..‘qixl¢:' q

- A
[ f— A 4 L
' < V== 10 e
Q“&Tg’t;l‘% M\ASS A

o M Fl

b (B







. . _ 65
" ’W@‘g« 7 g ]
y VP o
1> O\\F—Q gu‘Q G’ﬂm -‘H:q |
o v ALLHJ{J 1_';2}:6
- L Ve Y | uQ 210/
= a7
g V38 L Lat%o(zmm) b o et B{Cfldt‘ﬁ'?(lou/,,z)
N AN 5 * ‘L@p-Q ‘
l-:ﬂ'OO?L
C Zauau Ty — oy s —m‘m
j R¥od— o ac] i bf APEToRN [Pl |
Xq o
T e r—
| Baf \ {MH@Q )%&ﬂﬂw TR + %] q@+xw
Y —= O 7——6——$
| *L,‘{ Kard ot Wl 58§ -ﬂ%,{ X
n |
\ ) )
. ——_ i J
m*“«? o 0 a.gHe— " %_ o I =
» BT VT w lem g Uty E0pm
4 ™ TR ke pae
;‘&ﬁ*\‘lac, Nbd . R s ?
W sac ) “’5‘?@5 LY Pt —
jﬁ SUAUR N Vo .
\ t /—4‘_‘
4_%&\ 3 r i
2 +'Rn Kas  Yho 2
%L»rua o
/
Do MM
W




J ‘0 ‘
, @\M : #v’%
/N jand -

\\Q_\ 122 g0 B
R OfF .
Cxua..o\,u\ M

>

- \

5

\

)
NN

% \\QJM‘/VV{

\1%}){\(2)[ L(_%OV)‘ N
M- o Yad ok T G B

a3 G(,‘l conTroL W 02(ph——

=

MO B LIS T

Yz LT R at LR LIT) 5




“0 ( > NTRO[\
AN 0 e 67
‘ Sa
als | —rw \
W o *"‘*‘”-\——-\ Htj
( ‘ £ i ) CmUT.'J(
t — e
g b /rct\ce_‘/ 20 ({. G’B‘? XC-f
J TV \ope Flirdekdcie ‘SB N
74 t"l“' I , v 5 rL{ i 4.7 BS kd: Coms ¢
fors bl 7 252 vlowgensvec
i W AT LTSk 00 Y~
ok 1 tav< S, e __ ___ =&
02(95 o _;4«}}6\4 oty e L

m "&"6“&\‘- u_» ke ZD‘JC ?‘t'i' \V&Zﬁuﬁ.‘

T Y“T @“ﬁ\ B

— et [ ‘»‘rm% W?o—'t’;

{

\
. L
A L N N
I~ 1% W)
ALY REB )
< G20 AL

&3%9%7 " l—2 3T lﬁsﬁh‘ ~[023D

S e B




()Qowdw\»o« ﬁ&’&?ﬁr
,Q;m)\m b&-‘d@u‘(
Tl %(,5 lr\) %ugg.wz




: 4
Pl XQ&S\"“ Eeror - iterted Byl e e _ 89

o % | s
DA — w!
:(_ : %Q\ m T 115 B | |
- N TG o e L € et
- fitx M ’E‘e\ °{ ve RT wlly \ox e @
G5 Dol tSae | 7 793\;4.&@ I 1
AL VE Xho¥~ v’ P2 X T Lt 30 Lzo»hd I
(,‘lb's‘ 2 \eEd® | @ y¢lacT i use (200 -tiﬂ ————
N | G b X Bog +Sac I\

Neod YholtGacT - ) ~

Nl tholkiac L R i
e b5 W Xho (250 + L o0 Ge T (Lot 2004 |

- ~0 ’D S&E . —_— E; ‘Om
S¢

3.56p- -1
0 et

Ctvare W i ol 5 wepcsod ||
‘ Ct: \/i §§§
Q."lt. an @y 2.8kl {Tf 7
/%\r TNAT fﬂ;,cu an = U
O e TS\ 27,
T N AT e S '

Uos{ S0/ Yo 2 ko (G A4 A ool ot |
bome ' 5725 ¥




| s v e
Yac T
Page 1 of 2

DT {dR Set Any-Primer} Mon, Jan 26, 1998 11:05 AM
96051547 DR LR9709 |nstr File Fri, Jan 23, 1998 04:15 PM

Points 1121 to 10624 Base 1: 1121 \I)./ mmmo_.:m” m.ooﬁ.w.oov

AATT .ewvoqanmewﬂwon»ﬂwnm,N::.. GCeecaeedrT
70 s
o

§
L) | 374D
Model 377 woﬁmob_.:__mq_f/w%
AR, G T
m M—S .~ Versipn w‘mw n.ﬁ?.f,.m and 20., -

TTCGCAGCE CATCGC CT ,H_.O _.H..F.A,Dﬁmu CT T
0 0 30

Signal G:43 A:58 C:63 T:60

TC TTC\TG A GGA T,

AATTARGG.A TCke 6 TG A caTfhan;

30




A,T,ﬁ =

o |

\_% <ot ‘:'

R F\ga&zwwwa@sm?
1> ywpepys

W 5,
) ?MQ/L%FUMLM RV e

e PMQ{ Nen
c>‘£k“ﬁ. Cot e A
\"%:ﬁ“\ v wg;z é&éf‘g \1‘3 %jﬁliﬁ N gsp

@&fj@%'é_

PN S——

r T —






7 /E __‘X%L Uonkigaﬂox — 1
X‘?r Lddw o N M
u vu\wruﬁm ao,/,,q el N\

£ |N\T~u_5 LY« 2 t;& Civb IL.&%«E

\(.‘3_29\

A 0t+ [Ho&‘) I RCEAIN_
4 mwceg__ﬂf




IR




()orf'go o
| 0 O/* /W (9
AN S@\& 264
. -/ Q_MQZA&ESLM 4
= i GN7 wbes B 50p€ ya
_ : 21422 — —
M«ff - T |L 12 VY RT qglly . ’
" (lyl\ L3, Li/\ ‘JP&H\«; N —,i, M, i
: M s Lok ‘{ 409 N X |t 007 (10v }r@
- )| N e v) ‘&-&(:W_Lw%s \Ou/{.)'e) 1

A 18" {\om\w
1Bt l&fveuw 50" i




V

WW\ e Xac - o
&3) %@}) aresdte)uwdl G | 2§
- Mo adru Wk T 2

Lo Nz

39 |}
23
P
oM

Y t ‘?{

Ce

N e E
G5 cambdado Joes S [ ST

Bt

" LML alll =t T, I .
| “mi&@@_ 2
) W

Grse T /5
G5} 2/5
G158 21/=
w

g v

1}\

gﬁti




L1

% L
7 gl 7
ﬁ?f//( Wz T “fo 17°E -

) %&Mﬁ%&m —
Ceapea o 627 o 32 QLWA ¢ 16) -

t PacT Eg.,,_&l" 380 T mé@_ Ggawlz’ﬁé-f

2 4_'@& k)&_\Oik'lsaﬂﬂ w ]
po2 / 13(2*»& I

?rs\} 20Uy | 200 L
Yool 1A L [ QHQ:Z(,_ WA
> 20 P2 VT Lotag o) wl‘@'%i ’ ﬁ.z ;
i / ‘

2 ko) (ko N e
32 | my R \ PN, T
z = S S T L S5

&M [1( ) \ \\\ M’t" ¢<to ass, sl
B ) ;w””\t }_3 r/ N \eddef /7
t D @ (@3 @@ . {

ol S S T e
22\ » ° - ' LPR V"‘\"“‘no
23 |3 S 125 pe NBAd "I
for| S "’Dg\b ’—“T\N'Q ﬁtowme&m )

G 1 w
G75 5;2 ! é
15;7 BK Ll'l/s 5 ok 639 it 22 A2z , NZY Awkb

L 10 on

oM

N {

Dar o /

E— (. ¢




| n | Tl ”
= e F &SN B (SPE)A ) . [ =
@zo%_ 377 C P?) ;w‘ mﬁma @embb ﬁtﬁmﬂ D\ Naw '%d;.,?...\,s.prLb.\Wv m.fhﬂaﬁl.._lvl Wﬁﬁ 6 4%2/\

- 980 :
. 1| amidh  socvens 980129D1.35_0S Signal G:103 A:101 C:106T:99 = v —r B

T w Uﬂ M,\‘\_*MQM__ mwwﬁ.\fﬂy( \ { ZWmko._ D1_29_OSmithies % nwﬁ& Signal G:128 A:115 C:13 L. g wb& Ffph! Page 1 of 1

g DT {dR Set Any-Primer} on, Feb 02, 1998 06:48 AM

ABI \ Version 3.0 %SAWT.EN@S ‘

._ ~n a~ ABI100 29_0OSmithies 97022467 DR LR9710a InstrfFile Sat, Jan 31, 1998 11:55 AM
Vz_m_/\_ Version 3.0 Lane 29 Points 1075 to 10624 Bas¢\{: 1075 Spacing: 10.98{10.98}

\GGATG @G TG AN G CT'CCC CTG GACT TGCAGATG GCTGAGACGTGGCTGTC TG GCCACGGAGCAGGACCA ACAG GACGCAGAGCAGATCCCAGG(GCCGCG AGCG CCTCTCA P3G TG TACCCTGAGAT TCGTCCC TCG CTG GAGCCCA GATGG TG GC

10 \ 20 30 40 50 60 70 80 90 “—y—100 ~ 110

20 130 140 150
KasT c¥t TN AP s??w@ :
exon 2

‘.af ’. ?_ , | Y WIS

A GAGGGGGGGGGGGCA GCGTCA GATG TTAR TTGACG TTAATTGACGTTC CGA TQL TAG AAGTTAGAA AAGAATARAAAAGAGGTATGTGA GCGCAGC TCTGGGGCAGTTTG TTCCTCCCCGCCTTTGT TCCTTGATTCTT TGA GCAAGAACTI
160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310

i\ai/%_,\zm%ﬂwo) i — | TNAD L)

, (1] \ ’: M ) Lo TE DT (R 1L

TGTTGA GTACCAAAAAGCCATTGT TGGGCCACCACCCTGG GAR GRAAZCCCCARARACAGTTGTGTAA GCATARACGCGTC TGTRACTGCRARA CAGATACCACCCCACTTGCTGGTGTGCCCGACCTGCCCTGAGGCAG AL TTCTCAGGCTGAACTG TTT TG
320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470

_ ; 1 | T.— 1 — ’ i " .,;.,. ) ,., .

\CAGAG GACAGAATTGGCGTCTC TTGGAG GGCTGTGC TC CAGC CAGCC CTAGGCTCA GOC CA GAGTCTCTTAGAATTC TRAAAGCTCTCAGG TGCCA CTCGCTCCTGGACAACACATTRAGAAGTAAA GCCTACAACTGAG TACACA GCC TCCTGACCCACCCCTG
480 490 500 510 520 530 540 550 560 570 580 590 800 610 620 630

e ot i St b N .; Qb ke PR S I e

.Hﬂnnqdwrﬂ.yvmnﬂuwmmﬂﬁﬁmrﬂgn AGCC TTGAATTT C TTCACEARGA AT A CTTG TACCC AAGEA CACCAAA TA TT TGAC CACT CTT TCCAA TG C TTA C AR TT TTTIGG TAAGCGAT TATAAACAAARAGTATC TATG TANC CAGCGGTGA TGAGH TAx CCTTGAA CC
40 650 660 670 680 690 700 710 720 730 740 750 760 770

780 790 800

—i|!| e i o e o o L il i o L e o e el o e g i il el i o S iGN 4 o' Andah Sade) Guantelsitie sl diiieae e LM GURSA G SWe MM sw S the 00 TRFA' PR ASFTIYTR MTCVYAE AR ITEIIAR AR O MY ASTIVIVY A O —



e57

G 37 &% (e 1'43"..{""’ T8, ;-;_
| 057@) R (Rad) ,)M_\ pI

Mﬂb ms.wklz(m{

G 71[012»3:% —
T, Y2 Yo r%lw S |
\ o3 ek &gl il o Vb e supchi /BB ek CWC“ ~ & 8)

,IO

3,:2 4w -
g’ro-(’. o "j
lO')'e i X
STpl ‘/

}Hd =

G239 92 caitenr,

‘/ ?’\5"7“#0%,_,,

v Al

-

= 5@6;\01?_@& :‘-:_5_,,'—1

P L Ao\ i hand

5
I

omSyj

] /[UD{Q:— [

%J%G— ":ct f\:-ll MMWM‘HQ ém?e'»(_ak Gﬂgﬂi
N\m’

e 57@@‘73) l2pg

Ay

[e/(o

671 clik %AM /LG)O(

T e N Ml
" e SN
5 e







’f’q_h /30 P \OvRTaaly

0 'e Sduy -

SRy T Y /AIS v & bTmcm #1Y

: ,b -F&ﬂl\o;r Lot [[Ov/rf_s

B A%p :

e
Tk @_ﬁzp{ \O% RAally

. V2 uJe &du

@“*. 4‘%#“‘* d’o“ff-; >

' Vet
Dbyt G 73 TR Vot (Taapak) Mo

whﬁ‘,@/ﬁ‘gﬂ@@ﬁmﬂdm@

!

OIS
7\ ol \ A ".\5’ K




@
ﬁ® Cwmow Twmﬁ? ok

w




e R T e — FR—
/ Tbééegvs Tﬂ{nw Y wdr\&keﬁm@m — 1}
4 M NH ohe ——}







&
E 85
Tow St
3 31 waum m -
- I~ - ‘*J
B i\ | v f:‘ZlTNf&(eal:u Gt Con
W v 0pe of 6'81 TNAP kYoo ladage CLAA
gltlomd +\ \wg —Ot L
v Ve . e ut= b0 KOCU(N\@N?Q
I CEN A N e s e
R N n \_éw<
- RN %é—’f '
e 2
by :
--—ﬁ;
[
)l

Nz AN

-"’.xsg;:rﬁu EQC)é quslmﬂbr(&\&(w Sl

WA
ﬁgﬁ&ﬁg "\L«Lﬁ%u 67;

+7°

TG~ b L L(-b'l“&.

200=7%° o (O~

- Q&Q& L&%
980 Pee pleof < $4a .
2 osto) bt~ TN T v
LT R ) g CROL e GZS /
B /(2
Ny &, &Y
S W //




=

\colA B =
ET 5 bl . FA—— A1) R3
A \dpwam‘_whwwwﬂ 980128D1_38_OSmithies ﬁ ) mwmm_wrm_umu w.‘..».mom_m?m.mmm il m s N‘{b Thu. Jan 29
TTHREET G Lot TN ke

—_— WAlD , =4
Model 377 980128D1_37_OSmithies A Signal m“mho >”m§0”mmgﬂm5 Q« .W.v..N xf‘ P . . (e
>w_ > Version 3.0 oimw.oa .,. r._» q(%
‘ %. .y

~N & ¢ DT {dR Set >:<._u_.=3ma Thu, Jan 29, 1998 09:09 A
~ ABI100 37_0OSmithies ¥ \,ﬁ % fhw m w 97022467 DR LR971 Oa Instr File
P m_m—/\_ Version 3.0 Lane 37 i t D

— Wed, Jan 28, 1998 03:28 F
Points 1047 to 10624 Base 1: 1047 *oﬁrﬂhﬂ/

Spacing: 11.00{11.0
TTGTAATAGACTCACTA awommomwmﬂamm}ﬁuqdnwooo CGGTG GOGGCCG wan ‘H.ﬁﬁm.ﬂn TCG A monemenﬂmm CAAACGTT TTTCA T TGCTAAGCTACC TCCCAGC TCC2AGG CAGRATATCTCRA CAGATATGCCAGCE CAGAAGAGA
10 20 30 40 50 f 60 L 70 80 90 100 110 120 130 140 150
) e> W) s. I L) ] | ; _
ACA TGGCCAA GGAGCCCC TGGGAA GATGCTTAGCGTGTTA GTCA TG CAAGCTCAG ATCAAGAATTTGA GCCAAAGTTTG TCCA GCTTGTGTGAGGTCC TGGGTT TGATCC TAG CAATGACCAA AACAA .uru....wnm.ﬂwowmmnwwwnbb ACAGAXA (
160 170 180 190 200 21 220 230 240 250 260 270 280 290 300

ARRA w—ﬁm??ﬂ?bngyw—b.ﬂﬂﬂo‘ﬂwwﬂﬁbﬂﬂ A GGG FP.P.J_\HG.DNQHOBB Obﬂwqﬁﬂﬁgﬂwﬂﬁgﬂg TACATATA A

310 220 330 T 34p ! Aq 350 360 370 380 390 400 410 420 430 440 450 460
Aﬂvﬁ ,» } f

¥

o i i gl

AC 2 Bﬂwgeeqﬁejwﬂvwegodbnﬂw AARACTGGTAAG GCATTGG2A W@ba@onﬁ.ﬂwweyﬁamog TCCTGGG TACAAGT ATT CTTGTGA AGAA||
470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 mwo .

ey .‘. LY VAL ) A

Qb&.}’!’..,s.r...s%._.os?'. QWY ool 0o ..P...\b&'z??.»‘;pb R0 AL 0

XA \’ X/ «/
SGAACRAAA ANCQCTCCRA GANAACCC2AA qgﬂﬂnuqﬁnuﬂ Adwwyéﬂq.ﬂﬁg CC TGANARA ccreeere AAGGGNAQS TNGGGCANAACAA (B2

2 ATTGE GAE TGGGAACCG N TT NATTA AZAACCC T TTARG CCTAAANAANG G TTTT
800 810 820 830 840 850 860 870 880 890 900 910 920 930 940




lake &
& *18{:3 gg&

EO
4 L

P
S Wro cONTROL cone , £S5

R0 5. % ,ﬁ.{gm z{ g7

I‘w.k

conNROL.

/;K—'?[VMQ ,—_Q—Lh N

f

mmwz\/ 37" pu &JZ“:;; |




R 17202\ 22

4 44 &




TSR ofpd

war
: '/\(4//('/[/'441"
QP

L 7

) Mo T Ldboo

o
N
—

)T\ -1k BN e—




SN e b
’R\ua 5 Lt@‘[% chp :

- ‘IOFL:VNJ\'? b Yo TARGET ronce 6%5
JC—\- 20 ZmNH h-c . i

o
=0 2 fac oy Witk _\,?.Ff, quf - _
TR

5 20f, «,;/ L_mothnz% 37 mqir”\\




‘_'N ‘pct O L,L%(dn
- S\I\WAd’e o0 B kb




25 ‘
(i Y S\ gt Y G007 (ovf L L 2]
- RIVN N v/2 o |G g7 (5 G =
G‘@RZQT){(_\Q T~ N | o mef 2R 2l (o Y
™ | g9z ld el iRd L8
! l»\;@m
(M= — |
' Mo Flb-Tnd 7 j Mo |
_wmg:ﬂLmMNZ AN w
T T A € e
LOGAGATF\ | paae<T> (|




CadiH
[g@‘?? g 6'CPmins

: . -
BE7 WMo BDC i ol L
v

 Ripeosted 50 —
LBpe loﬂ\iﬁﬂiéﬁ,:g‘é ,

v b pe ddw %

1 {c ' XF
\y{mxmoo?@(j
272 TS slam  ©

Erzedad m\k\‘\valY_,___\
 =7° § S

e —
————



wsndh \%ﬁim‘iﬁm.( g:zﬂ

TR, e

_ SeC\0
2Y . \ \G'I5 T\,
W\ v
‘ l) ‘)F\i)—ot \,\
Aram | oAV

14

55222 [ pNZY 10K KGAL

90 qec . h.. Q_°/L;.3

05
1 et

‘Wgy—r'

~y

l\"‘;‘ Oog H‘ CPOH 2xCHY

Aole) 57 @(JQLW\@: :

1Ok RA ea ity
WA Vb b7 (wuhﬁ

22020, 50‘1(&//_)




@ QO«\MWGQ\QC\%@
- ERWE NN W6 Jeidd e of




7 . \'Tu{ IO‘H{L

i
|
I

|
’ |
|

2 4000 (Lo |
ﬁ‘?“q#goll%i Lot 007 (low /r*’f — ¢« |

clm

|
|

|
|
{
|
|

; 2L

"‘"\r””]- | | [
|
|
I

i

k
!
v
1
1
|
1

| |

T —

]
[l\li

|
|
|
|
|
|
|

|
J

|
|
il

|

| ! |
| ‘ | : | ‘
o | y " i " | | b
. .- [ l l ‘ " . J .} |
B [ —— s l|' | i y

-
N P

L]

U DA s ) ) S (M T

oy
,, ¥“(v‘c(n&:7‘ B gjbg_—.-




$ L
Pk
(D) oo The s i‘?%;s jﬁ;
B —— 7”‘ M \\7 ﬁ—
MA" o N\ ase ‘vv\/\/\/wu

e ——)




‘_W

TMA.C an. XM[\?‘T&

i1 3 R
: A X5
- 3
o ) .
(L AxhayN2Y 2773
o [Nmy mﬁ e s—
! '7/;,,%"" &
p')g . 8 /MM 3
‘ W f— - :
o 129 DT Wk
eck wolt (Not) 65T Liq® 20 ; i
= ; e B e BN T
1 ) 43°-(25\Wsee "l, 1y s
I an Yal [RT6 \\;&%LBZ _55]
\ 31?_—0,__,97 Go 4o
\ "’ﬁ@é <ase) G4 sh' L~12 2 &%/&Mﬁri
ks, "\/q\cm ‘LP\ @uﬂ iy

AR —3—PQ
\_* (J o)‘(\\w I%OO? (hvfﬁa,...r&) -
PRI \)(QOHQ. df \\~1?_T 13 —24c ) ~
____*_@/( Wwec» v ftup ) e @w - 1

@wLEa(&m ‘?wczkt 2 \ﬁ

gl 4




lﬂj ﬁ?ﬂ&\t# Q\F\?(A J

G0 10205(73) TA ﬂﬁcﬂpn Signal G025 A:265 C:249 T - :
R ——— » Model ww.\ . SCREEEE 67 _ DT {dR SetAny-Primer} m_wr H
®  Version 3. . Wuraal 97022467 DR LR9710a Instr File fi,
—— ABlL=. a0 UEORITN20507D Xha ¥we Y !j Pointsf1088 to 10624 Base 1: 1088
PRISM Version 3.0 Lane 2 W= Pownr i Bluo lode! :
T = e e i ,.N,aa?.anvui,ypmnaﬂumofnoonw—monoﬁ TRTHGEARACH TRUTICA TTCCTAABLTACCICCCRE &
\
G 1ol >
Model 377 omomomUmomOma_omom‘ f80) R 3 m./zlrn Signal G:102 A:95 C:131 T:88 |
>w_ \ Version 3.0 &'67 DT {dR Set Any-Primer} Sat, Feb 07, 1998
~n a~ ABI100 030Smi0205080 A 97022467 DR LR9710a Instr File Fri, Feb 06, 1998
_Uz_m_/\_ Version 3.0 Lane 3 Aw..’ Points 1067 to 10624 Base 1: 1067 Spacing: 1(

OOJOO‘H,OOHHOHHHOO@hO%OJOJy.QOD&H&O Ognmnnmoxﬂdnoﬂ, GCATGCCTG CTAT TG TC TTCCCAA TCCTCCCCCT

TACGCCA ;.DOH_OO.uﬁ:&HPWHOHQOﬁLMMBOﬁ.rO#uw 2GCTGGT JOOOQOOOOOORD_HDOJ
h 120 13 140
’ .'- .

i ot il

-TGCCCCACCCCACCCCCCAGAATAGAATGACACC TAC TCAGACAATGCGATGCAATTTC CTCA TTTTA TTAGGAAAG GACAGTGGGAGTGGCACC TTCCAGGG TCAAGGA AGGCACGGGGGAGGGGCAAACAACA GATG GCTGG
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10 20 30 0 50 60 e 80

100 110 120 130

9 140 15¢
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160 170 180 190 200 210 220 230 240 250
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"y Wy .,:...-: ALV AV o L i
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GCTGGCAACTA GAA( 5CACAGTCGAGGCTGA TCAGQEGAGC bmmowﬂdﬂ_eno_ﬂmﬂyomyOQO@OOOHQOOAﬁO?»OwBOOQH.QO TGCCCACCGAGTTGACCC TCACGGAATGGTCCACCACCACGAEG TTCTCTGGG TTGGG GTTGCAGT T
310 320 330 340 50 360 370 380 390 400 41

. 20 . 430 440 / 450 460
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780
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Model 377 % 980227Ca230Smi0225581 Pivet Signal G:172 A:84 T:64 C:124 Pa
Version 3 Soapumced Ve Lo DT {BD Set Any-Primer} Sat, Feb 28, 1998 ¢
>W_N.. ABI100 230Smi0225581 96051547 DR LR9709 Instr File Fri, Feb 27, 1998
vz_mz_ Veisisha.0 Lane 23 |t i ] Points 1081 to 10624 Base 1: 1081 Spacing: 11.0

TCTCCCOGCGCGT TG GANCG AT TCA T TAATGCAZ GAG CTCGAA IW.OQO CGCTACTGEATAGGGGCTCAGGTC (RACCCATTCCAAAGCCCAGTTTCAT TTCGTCATGAACATATCACTATAAGCAG AMAGCATGGAGACGTCAC CCC

10 20 30 40 50 60 70 80 90 100 110 120 130 140 15
——

) _..: NN », ,: \ I i _ il ?._ |

AGTCCCCAGTGC CGGEGCAGTGTTACAGTGGCCTTGCA GAAAGGC TTGTGGAAGGTT GAATTCCATGATGCTAGACCCCTGGAGAAGGAATATGCAGGCCTGAAC TT TC T GCAGGAC GCCACCTAGTGGTCACTCGCAGT TCTGAGGEG
160 170 180 190 200 210 220 230 240 250 260 270 280 290 300

il I B I

GCTGGGGT GC TAGGTGGTGRTCCC TCTC CAC TAAC T TCAT TCACCC TCACC ARG A CTGACAGT GG GTT G A AGS GC GGGCAGGC TG @ C T TCCC TTTGT TGT GGT T GI' GGGA GCA GC TG (T CT GGCAGGC TGACC TGAZ C CT GT TCACAA AGAG
320 330 340 350 360 370 380 390 400 410 420 430 440 450 460

A e sl Jll

ry
1%
¥

-

— -
[CCC AGGG GACC CGT A TCACC AC CAC TGGT TC C TGGC GC TG Ewovﬁ»o@.ooo?eo%»%n_nn%»nnogo,aoeom.aoobﬁ CCCAGG @ TTGGCAAGAA GCAG: CTAGCT G5 GCA GG CGGNCACT GEC CTCT Q3 AGE GI'GGA GG
480 490 500 510 520 _ 530 540 255560~ 570 580 590 600 610 620 630

O.n ~' a8 W "
M G\3 zumr 553 A

T O o o

|GCGGCTAT GI'GTATATT G5 GGAC CCGTGGT GT GI'GT GTGTGT GT GT GI'GIGTA G AT ATGC C CATA TGTC TTCAT QGAGT AAGAA TAT GCATA TCTCAACAGGGCC NC CAAGGG ACCAT GG 2AGGGCAA NGGC TG3 AG A RATT C TGG AAGATT NTGGA ACT TX
40 650 660 670 680 690 700 710 720 730 740 750 760 770 780 790 800

TCTATT G TGSTT TGG CTACT ATGIAPAT ACAAT GGNCG CAAT G G 2A XX CI'TG MNGGGTAA GGT TAC TITTTTAS T CCCAGGNWTT ATGG AGT TCTNGNTACTT TTGNNCC T NG CCC A TGECC CCA CNTEINT TTNG OCTTS T TTNCTNT
810 820 830 840 850 860 870 880 890 900 210 920 930 940 950 960
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! d
- lo— J LF // _ ) vlﬂlq
ﬁ..\ww\ | ﬁ\_—N ﬂ Z&.N.W T:160 C:379 Page 1 of 2
i Signal G:397 A:232 T:160 C: .

el e0317baza0smioa16064 DT {BD Set Any-Primer} Wed Mar 18 1998 10:28

g—\k e ae i 64 97022467 DR LR9710a Instr File Tue _<_.m_‘ 17 1998 16:54

" fein s il Points 1182to0 11800 Base 1: 1182 Spacing: 11.63{11.63}
—Uz_mg Version 3.0 Lane 23 /

. A TGA T T T T C gceecac
AACCCAT A % GG ACTGAG AGAAAG X GTC CAAAGGAAGATGGC
. ( AT ACT TTTTGCATGGG GACGCTTACAGGCTGGA' GGTCCTCCACAGCCA . T TCTC CTTGC CAGG An
GAA ATGTCATCTLTCTGGC CGGI'GACAG CC CAGT GAATGTGGAACTTC 5 : s :
* 0 20 30 40 50 60 7 . 8( 9 100 110 120 130 140 5(

Aa A ' h . ‘ A e .’

(BestFit) SEGMENTS from: t.dat March 18, 1998 14:59

CTCCAC CACTTCCTAC TCCACCAGCA2

; 280 300
(Nucleotide) WORDSEARCH of: \mx@owﬁ\UOSm\BOUz%O\OHH<mw\w5mv.mm@ check: 6823
from: 1 to: 2459 ¥
LOCUS MUSPHOPA 2459 bp mMRNA ROD 02-NOV-1992
DEFINITION Mouse placental alkaline phospatase MRNA, complete cds.
ACCESSION J02980
NID 9200345 ; :
KEYWORDS alkaline phosphatase; owﬁﬁowwomﬁwowwo-EOBomman phosphohydrolase. 3 ogﬁédm%§?§JMﬂ89;Jm
AvMatch: 3.84 AvMisMatch: -6.00 GapWeight: 50 LengthWeight: 3 .. \
Match display thresholds for the alignment (s) .
| = IDENTITY )&
= w ﬂ.ﬂb%&ﬂqﬁ%qﬁwﬁb@ﬂnqﬂhqﬂﬁnﬂﬂ
= 1 590 600 610
tnap.seq check: 6823 from: 1 to: 2459 /Reverse
\mN©OHﬁ\Sosm\bovc<0\owH<mw\wnm©an50n.mm@ check: 6870 from: 844 to: 2736
Gaps: 2 Qualityp 1302 Raties ‘7.356 Score: 139 Width: 7 Limits: +/-8
T 22 W |
- : Zrﬁ*m%.a v . . A
1187 MuOHOOOH.O_H_.H_OO.P GAAGCC HQPQ@HHHHHQOHQ&QQ 1139 ﬂ;onvnoeno»nﬁooon;n»moi
| __::::“:::::::: R+ 750 760

mm@meOOﬁwnmmmmnnﬁwmmmﬁommm 2166

1138 ATCCGGAG QOO»FOO,H_OOB»OO»u».H_O.HOOQPQPQOOEQQQ.HOWOHOPQO.H_.H 1089 % - rNN\ /v
Q . N ﬂ. %

::::__:::_:_::::_:::_::_:::_:

2167 mﬁoo@@mmmmoomoonoomoomwono@@m@mmommmmm@nom@nommmdﬁ 2216

£

e e ——— K ” 3 TT NT N CC TTA CCTT ANC AN GGNCC CA K
1088 QHHoOQPHHObeHO>HbOHQQwHQHooooommoeobwbmbmw TAAGA 1039 ) 880 890 900
__::::::_:::::__::_::::::_ | ,.,,,,.a,m,a_..m\.\j_,.g.d ﬂ
2217 @nnoommﬁnommwwomnmon@omﬁmnoooo@mmonﬂwmm agacgtgtgg 2265 ) -
. - = Jag o

1038 QO.HPQHDQ&OOQHQO@QQOQHQ&PQQQO LOLY ),.Z__ ¢, w./, ﬂ.m \\ VOMM

LT T T T

2266 momﬁmmomm@mmnmnmmmnmnomm@mmo 2293
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“BB7.seq check: 5847 from: 1 to: 845
/afs/isis.unc.edu/home/n/o/nobuyo/oliver/osdupdel .seq check: 4439
ASSEMBLE August 13, 1995 16:20
Gaps: 3 Quality: 1935 Ratio: 9.085 Score: 170 Width: 6 Limit

11 ’I‘CGCC’I’I‘& C"I'I‘CTI‘GA AGT'I‘CT'I‘C GG 60
UL T '”““["ééé”@'ls

i 5937 TCGCCTTCTATCGC! RCGAG"I‘C

W CACGGGTG' csmjil 110
Illl |||||I| |||||||||Il|l||||||l||
5986 AAAAG TCAA 6

111 TTCA

TTATACGAAGTTATGGCGCGCCTTAAT 1
||l|||||IHll|||||||||||||||l|l||||||IHI||||IIII|

4 TTcataacttcgtatagcatacattatacgaagttatggcgegecttaat

TAAGGATCCGTCGACGTTAACGGTACCARGCTTCTAGAGTTTARACGCGS
PECEEERVRE PR EERE T e LR e
4 tt 6

1 CCGCMTTC(%AGCNG 226
[LELEELLLLTLE
ccgeaattCGAGCTCG 6149
CTGCATTAATGAATCGGCCAACGCGCGGGG! ‘GGTTTGCGT!

: IIIIIIHIIIIIIIII!III|||I|||Ill||||||IIIIIIIIIIIII s

CGC! TC'I'I‘CCGC‘I'ICC"CGCTCAC’]‘GACTCGCTGC

G GCTCGGT 3
EELLELELLTEEE TR H||||||||||||||II||||
1 GEGCTCTTCCGCTTCCTRGE 1

TGCGGCGAGCGGT] AN

FLLLEETTTLET ||||||l|”[||||||[||||||]|||||||
1 TGCGGCGAGCGGTATCRAGCTCACTCAAAGGCGGTAATACGGTTATCCACA 1

GMNAGGGGATAAC CAAMGGCCAGCAMA

I||IIII|I||III PELLEELLLLLLY
1 7 CAGCAARA 2

SCG’!TG"TGG

C T’I‘T’I’T GGCTCCA
||||||]||||||]||||| llls I
1 lr'r'r'rfrccxrccc

GCCCCCCTGAEGAGCA

MCCCGACAGGA

TTTCCCCCTGGA 5
" IIIIIIIIIIIII%HIIIIIIIIIIIH IIHHIIIIIHIIIlIII

ATAAAGATACCAGGCGTTTCCCCCTGGARGCTCCCT

CGCTCTCCTGTTCCG? CCCTGCCGCT’!‘ACCGG 'N\CCTGTC CGCCT

TG 2
IIIIIIIIH IIHII||||||I|IIIH|II||II1IIIII
'TCCTGTTCCGAS T 4

\CCCTGCCGCTTACCGGATACCTGTCCGCCT

CTTCGGGF\AGCG’N}G CNACGCTGTI\GGTI\'[‘

TTCTCC TCATAG!
s=all I[]I||llIIIIIIIIIIIIIIIIIIIIIII |||l|l|I|I|III||| by

CCTTCGGGAAGCGTGGCGCTTTCTC, TGCTCACGCTGT

TTCGGTG J.‘AGG'J.‘CG‘ TTCGCTCCAA ’J‘GCPC(:MCC

7 CTCAG’
Ll ||!lI||||lI|IHlII||||||IIIIIIIIIIIIIIIIIIIIIIIHI e

TCAGTTCGGTGTAGGTCGTTC!

CCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTARCTATCGTCTTGAGT
N |||||IIllléél|||1||I|||||||||||||||||||II||I|||[|I

'GACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGT

CCAACCCGGTAAGAC}\CGAC"I‘ATCGCCAC

8
II|III|II||IHI|IlIlIIII|I|||||||llIIII|||llIIIIlI
1 6

CGACTTATCGCCACTGGCAGCAGCCACTGGTAR

AGGATTAGCAGAGCG}\GTT 845

N
1 AG 619

GATTAGCAGAGCGAGGT
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Model 377 - 980324Ca460Smi0323001 Signal G:195 A:113 T:90 C:153 |

>w_ p Version 3.0 DT {BD Set Any-Primer} Wed, Mar 25, 199
~ ABI100 460Smi0323001 96051547 DR LR9709 Instr File Tue, Mar 24, 199
1m_m_s Version 3.0 R Tlane 46 N Points 1294 to 10624 Base 1: 1294 Spacing: 11

TAATTCGIATAGCATACAT TATACGAAGTTA ~m00 GCGC O* TAATTAAGGATCCGTCGACGT TAACGGTAC CAAGC TTCTAG AGTTTAA AQGCGGC C ATTCGAGC TCGCTGCATTAATGAATCGGCCAACGCGCGGGGE AGAL
10 20 30 40 50 60 70 80 30 Zb‘ﬂ 0 110 120 130 140

el stV R | , TN _..— “J

WCGTATTGEGE GC TCTTCCGCTTCCTCGCTCACTGACTCGE TA GC TCGGTCETTCGECTGCGGCGAGC GETATCAGE TCACTCAAAGGCGGTAA TAC GGT TATCCACAGAAT CAGGGGATAAC GCAGGAAAGAACATGTGAGCAZ
17 180 190 200 210 220 230 240 250 . 260 270 280 290 :

o 0

~AAAAGGCCAGGAACCGTAAAAAGGCCGCGTT GCTGE GTT TT TC CATAGGC TC CGCC CC OC T GAC GAGCA TCACAAMAATC GAC GC TCAAGT CAGAGGTGGC GAAXCC CGACAGE AC TAT AAAGATAC (AGGCGT TTCCCCCTGGAAGCTC
310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 4

T e e il

[>T CTCOT GTTCCGACCCT A CGCTTAICGGATACCT GTCC A CTT TC TOC CT TC GG GAA GC GTGGC GC T'TT C TCATAGC TCACGCTGTAGGTAT C TCA GT TCG GI'G TAGG TC GTTC GCTCCAAGC TGGGCT GTGTGCACGAAC CCCCCGT
470 480 490 500 510 520 530 540 550 560 570 580 590 600 610

N R e e o

NS

= CGCTGOGE CTTATCCGGTA ACTATC GTCTTGAGT CCA ICC CGGTAAGACACGACTTATCGCCACTGG CAGCAGCCACT GG TAA CAGGATTA GCA GAGCGA GGTA TGTA GCGGT GCTACAGAGTT C TTGAAGT@NIGGC CT A
630 640 650 660 670 680 690 700 710 720 730 740 750 760 77

[TCACT ANA AGAACAGTATTTGGT AT CTGCGCTCTGCT G AAA C CAGTINT
780 790 800 810 820
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"NOMICS 42, 413-421 (1997)
TICLE NO. GE974771

Inactivation of the Mouse HPRT Locus by a 203-bp Retroposon
Insertion and a 55-kb Gene-Targeted Deletion: Establishment

of New HPRT-Deficient Mous

e Embryonic Stem Cell Lines

Hirohisa Tsuda,*' Catherine E. Maynard-Currie,* Laura H. Reid,t Takayuki Yoshida,+

Koji Edamura,+ Nobuyo Maeda,t Oli

ver Smithies,T and Aya Jakobovits*

*Cell Genesys, Inc., 322 Lakeside Drive, Foster City, California 94404; tLife Science Research Laboratory, Japan Tobacco, Inc.,
6-2 Umegaoka, Aoba-ku, Yokohama, Kanagawa 227, Japan; and tDepartment of Pathology and Laboratory Medicine,
University of North Carolina, Chapel Hill, North Carolina 27599-7525

Received January 3, 1997,

To obtain useful hypoxanthine phosphoribosyl-
ansferase (HPRT)-deficient mouse ES cell lines, two
fferent methods were employed: (i) selection of
ontaneous 6-TG-resistant mutants and (ii) gene tar-
ting of the HPRT locus. The first approach resulted
the establishment of E14.1TG3B1, a spontaneous
PRT-deficient cell line with an insertional mutation
203 bp in the third exon of the HPRT gene. The
sert is highly homologous to the B2 mouse repeti-
e element and has all the expected retroposon
aracteristics, thus providing an example of gene in-
tivation by retroposon insertion. This clone exhib-
d stable 6-TG resistance and high germ-line trans-
ssion frequency. Thus E14.1TG3B1 is a useful ES
1 line for modifying the mouse genome using the
’RT gene as a selection marker and for transmis-
n at a high frequency into the mouse germ line.
e second approach resulted in a 55-kb deletion of
> mouse HPRT locus, demonstrating the feasibility
replacement-targeting vectors to generate large ge-
mic DNA deletions. © 1997 Academic Press

INTRODUCTION

Mouse embryonic stem (ES) cells have proven power- -
| for in vitro selection of genetic modifications in the
yuse genome and for their subsequent transmission
o the mouse germline (Capecchi, 1989; Koller and
ithies, 1992). Such genetic alterations include gene-
geted mutations and introduced transgenes. This
oroach relies on the ability to efficiently select for
clones with the acquired genetic alterations, as well
on the capability of the altered ES cell line to trans-

equence data from this article have been deposited with the

BL/GenBank Data Libraries under Accession No. D85770.
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mit the modification to the mouse germ line at high
frequency.

One of the most powerful selection systems for ES
cells is the combination of a hypoxanthine phosphoribo-
syltransferase (HPRT) expression cassette in conjunc-
tion with HPRT-deficient ES cell lines. The X chromo-
some-linked HPRT gene is an attractive selectable
marker, being well characterized and available for ei-
ther positive selection using HAT (hypoxanthine, ami-
nopterine, thymidine) or negative selection using 6-
thioguanine (6-TG) (Melton et al., 1984). Derivation of
HPRT-deficient variants is facilitated by the need to
inactivate only a single HPRT locus in male ES cells
via spontaneous or gene-targeted-derived mutations
and by the ability to select directly for loss of HPRT
function (Hooper et al., 1987; Kuehn et-al., 1987). For
these reasons, the HPRT gene has served as a powerful
tool to assess new mechanisms for gene inactivation in
ES cells (Reid et al., 1990; Valancius and Smithies,
1991; Zheng et al.,, 1991; Ramirez-Solis et al., 1995).
However, only a few of the generated HPRT-deficient
ES cell lines were established as cell lines capable of
introducing genetic modifications into the mouse germ
line. Experiments with these cell lines (Hooper ef al.,
1987; Kuehn et al., 1987; Selfridge et al, 1992) indi-
cated the benefit of generating additional HPRT-defi-
cient cell lines with improved germ-line transmission
capability.

In this paper we describe new HPRT-deficient ES

- cell lines generated by inactivating the HPRT gene by

two mechanisms: spontaneous retroposon insertion
and gene-targeted large-DNA deletion.

Selection for spontaneous HPRT variants led to the
identification of a new HPRT-deficient cell line,
E14.1TG3B1, having a 203-bp insertion at the HPRT
exon 3. This insert is highly homologous to the mouse
B2 repetitive element and shows the characteristics
of a retroposon insertion. The high level of germ-line
transmission exhibited by E14.1TG3B1 validates its
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