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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.

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.
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Column 1

Run 10 E—
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End Proc: End CESS (OMT = Off)

Sequence: @7235

Ui
]
s
m
]
A}
~J
|
=
o
L[}
=




%&zm&
Ceo RA % Brasan WA

l

| .__/-\__I')DD AT %‘5‘3
L_——-Y\J
ﬁg% Pc’s&w\\“\i

27

\
)

&N AT T @Ge NT ccct:‘\ﬁg% T
\

o

Encleo

ek b ato WAL L TE ah

D Loredt-ax @u

OS Ok |




i

— — — —
- S
-

n 2 e

S 81T IRESE 22 g 9z

3 il
- -

2.4

|
-
L2
)
|
|
P.
|
.
=
| 3
}. &
|
&
-
-
J

Ry ——
N4 o2l eln Qg

"i(“”mm W&GH




— | Pooceod wad CZWM 2b Red

(Ko 1 3F0uL Leo
%m Back wp SOuL DIMENTH o m-
KSRl0

¥ fz -G/M\q Y2910 108RY s.,Uyﬂ '/%z £ 0% R4kt "
/ol /2132 dd T T .
I / + b \)L B2, R \/&, b ‘J-QBLL\ 36 Red
~ \/,\_4‘,«(9»;60)1»&1&% P’\'/ V" ‘H’e KoL

- ' 'ﬂ




€ wpw\ ~4wfef~u;, ¥ip 2 (gRVOT 22824

41




%’— | _ 31
R g

ol e Tl |

4 . - Ll

E » #;6 .»Q:SE:Q& ’& a_l\r\dé&:\}e - @?Z"ﬁ(\
. q(quui\ o 3? a)c\ 22 S

| R24>ped A5 —257

- . R T

L Béé\:e IS —— g’z ”26—M

)i RED 7H=‘96 M,)ggo cmﬁ\ Lronore Ll 37" e

@ (onclbusia,: Yove ?&MW%5€L$\‘>’~1QZ%M %

L qg.&ma&i} anAi% S
;J 1 m wé&f % 5Mw—\mg&

JZ,uDzw?Nb e kA za FeNBcanseig

wﬁci-




W?@Oﬂ e 7«c BrA
/Pf%%tha a.> }[Je P>‘°>2 oS
| Ajths%KK\\o\:

T ot _OS Yook Yo

:.dc,ziz,t/[”VICle [RIEIC] [El6'c] [Clala] |
L et e B ] :
8376 " - L

Run I =
X N Cycle i 02UM USER

End Proc: End CESS (OMT = Off)

Sequence: 07247 *\\\\\

Total hases = {2
A= 1,6= &, C= 5, T= 1,5 @, 6= @, 7= 0, 8= @
(mixed bases= @)
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6/25/93

7/10/93

7/14/93

# vials
frozen

12
8

10
8

11
12

DNA: SHR25 w110 #7 xhol

2 Electroporations 3y| DNA and 30ul DNA
Pick 40 colonies and froze 20 colonies

2 vials per colony.

DNA: SHR35 w157 g

2 Electroporations 3u| DNA and 30ul DNA
Pick 20 colonies. Froze 2 vials (or more)
from 16 colonies,

DNA: SHR59 Reve, A'19 Rev 10ug SH
1 Electroporation with 10ug DNA
Pick 180 colonies, all negative.

DNA: SHR59 Rev6, A'19 Rev 10ug SH
1 Electroporation with 10ug DNA
Pick 120 colonies, 8 positive lines.

chromosome injection result

% at 40 date(s)

0%, 70%

80% .
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PRODUCT: Cloned Pfu DNA Polymerase
CATALOG #: 600153 600154 600159
QUANTITY: 100U 500U 1000U
CONCENTRATION: 2500 U/mi 250 ) V’Q
SPECIFIC ACTIVITY: 75,000 U/mg
LOT #  163006F
CERTIFIEDBY: MiaAnget /77 (st per

DATE: April 11,1994

QUALITY CONTROLLED BY:  Jeff Amberg W %
DATE: April 14, 1994 z

DESCRIPTION:  Cloned Pfu DNA polymerase is isolated from the
hyperthermophilic marine archaebacterium, Pyrococcus
furiosus. The multifunctional thermostable enzyme
possesses both 5" to 3" DNA polymerase and 3" to 5°
exonuclease activities. The 3 to 5° proofreading activity
associated with cloned Pfu DNA polymerase results in a
12-fold increase in fidelity of DNA synthesis over Tag DNA
polymerase. Cloned Pfu DNA polymerase has a temperature
optimum between 72-78°C, and remains greater than 95%
active following one hour incubation at 95°C.

REACTION BUFFERS: 10x Cloned Pfu Polymerase Reaction Buffer*
200 mM Tris-HCI (pH 8.75)
100 mM KCI
100 mM (NH,4),SO,
1% Triton® X-100
1 mg/mi BSA

REACTION CONDITIONS: Note: All reagents, including cloned Pfu DNA
polymerase, should be mixed immediately before use. \

DNA synthesis is performed in 100 pl of a mixture containing
20-200 puM dNTPs, 0.3—1 uM primers, 0.1-250 ng . BE—
template DNA, 10 pl 10x polymerase buffer and 2.5 U Pfy
DNA polymerase. Mix the reaction gently, centrifuge briefly,
then overlay with light mineral oil. Initially, denature the
reaction by incubating at 95°C for five minutes: then cool to
40-68°C for 5 minutes to allow primers to anneal to the
template DNA; then incubate at 72-78°C to initiate primer
extension.

'6rmerly sold as Buffer #3.

NGl

11011 North Torrey Pines Road, La Jolla, CA 92037
Ordering / Technical Services: (800) 424-5444 or (619) 535-5400
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PCR mix (modified from the recommendations of New England Biolabs) is 67mM

" Tris-HCl (pH 8.8), 6.7mM MgClp, 16.6mM (NH,)oSOs4, 10mM 2-mercapto-ethanol,

6.7€§—§E2£2IA, 10% dimethylsulfoxid%;Egig_gy of each dNTP, 3.0 pg of each_

| primer: 1 unit Tag polymerase per 50 pl.

X ik ey LJ% ’?&U ,

Cor Cadsr /%0 Lokl

M o ) OLLE and\MOT \zb e@g@
_ M*MW







L
N2 Fv}’rtx
2,00

\O\/ u,\

% Ul%ﬂb







L 85

% Gamr Ty
i b Ok Ty st (oL
- j—%gc 5? Sk {20 et~ o it.QToe([ze‘,Jf(whg)
T n‘f n= 220  ddw 53 @e = 27 75 5 %‘W’g ”
G T FXTIaCY m s,
- ﬁjﬁ} | e DN\éé 7 ) YA / B Z/d‘?qw@dw 1

R | Vm‘s\.o%‘t 3‘@@@ / R

—F ke £ Nk 2 AMRAR on b SRR

p< m “\W%w’ﬂ

@@@@ g@o




‘:-"'6 Lo oQN:rU\q [ \,a\rb =

NS

T

R RRRARRINEYP)



— Ynave R R afy

;
' 31 | Wiy-L 16 C oand- §\\\~LLE I
i. ’ L. Lt’ﬂl‘& \.0b \"ilre 3?7 @
— \ mu-q“’
Take 200 cad. . \* Nog [#o&
x ——_ PR @
B \be @ (bC FL\we) o OM'JQ\IHQ
—3 TR R ey T
E w%lr{%“’c ot :Q.{‘t% £ 4!l L.,_Pfi;,q‘g?
R'E7

Ca&:\\g« 305«»*6}  Jddw 536 Wi -

20t PR 225

b 3 NP ‘3[.:5?

NS0 e
u;t%‘t%ﬂ«(«m. Qv
02 TR Rpncas SGPQ v

202y = bt()f’e /

-+ \‘LPQTNV ‘//
= (& @(& 345}-1 +oé,..0 PCv B'sl
- N}@L S Py T
. P —— |

ly? Lui Tecv 13@ (4 c 1b<P ggs zgpp P Jorko
O S N Y~ 4 A PN TG & XY
i \lbe 1B c BY Uit w 5Da ) > 6 5!

i 2 )

D & I S ( ?{ %\‘ 51 %’4(5\5‘7(8(




\ e /(Ul\’( /lU(—K

\ wwmw\ Fa I 1opete] | Ol

\ 0y q-5°dasts (B 5§ |/ B/y

\\ \\LI(—SD Mc"'&z :‘/7‘// pL \ gf

n v 1e '
Tsac b(° ek <, )flg)/z%:
o eeq”  CSELS ?ﬁ_{
5 ) | /2500
22 Gl vt ee)
v %Vf 2

.



fcf Gukd | g}fm e
,#_k%?“ M”f%*‘ u&% ; i 3

| — ﬁ{tr»( Pr‘muwis
g ——— <

[ 3 300p¢ 2 N 0,.L M\ Nwﬂ

B oo Ko D) L&w‘c?bm)cz), %
IS | %zﬂ\C\D ~ 2.3p0 gobr\u—xm
g__}_?orf ,

C oo, exv\Tmzs\MK

| ——§Oot:{ LW

Ve & pf oo E PS ek

& ﬁ__@m— " oléxozb’Q,gQ@x\% PR

204 LR 175 El(n r1 250 LINTRs

_ AL NTE s \J.p /Q«xo A Dee
alvd NSO 35 }»»«'Ls
B L LI3Y 3'We by 20t (o




Aet  TALWEF DATA

Sheet12

ComPILAT ION

SUMMARY OF ANTHOLOGY DATA
K[oCory ANimALS ™
'["MOUSE | 8ee7 Y8738 |-
EXP 1 3 RANY
SEX, F IIm : T s A~ T~ NV MEAN AL | TDEVP A| SE ALL it J.
BP 101 a1 A " s "\ 96 5 3.535534
HR 736 790 , U lomoid o e 4= / 763 27 [19.09188] # |
TERPERTW NS ——
s | ) ll\/ll\ ~— "
|[Tcopy >z_z_w_%H Mﬁ:ﬂmﬂ. —— A
MOUSE | 8 8668 | 8678 9 8680 8689 8687 3688 8725 8726 8740 8741 8771
EXP 1 1 2 2 2 2 2 2 3 3 3 3 3
SEX F F | F F F F T F F M M M M M ®#3
BP 125 138 106 % 100 108 108 105 105 119 112 104 116 110.9231 | 10.83059 | 3.003866 ey
HR 700 750 705 689 707 663 745 754 788 737 777 791 748 735.6923 | 38.48153 | 10.67286
MEAN1 | 1315 | 725 MEAN 2 | 103.8333 | 712.1667 MEAN3 | 111.2 | 7682
STDEVP1| 65 25 STDEVP 2/"4.412734 | 4.346135 STDEVP 3| 5.912698 | 21.77522
L SE1_ | 4.506194] 17.67767 SE2 | 1.801491 1.774302 SE3 | 2.644239 | 10.88761
[2corv ANmiATS T :
MOUSE | 9204 9206 9248 9256 8650 8738 | 8755 |° 8754 8776 8777
mmm 1 1 2 2 2 3 =2 3 3 3 wu
F F E F. F M M M M :
BP 129 123 132 _|© 99 |. 82 A_M_m 133 12 | 120 126 118.1_| 15.4172 | 4.875346| # 2.
HR 701 657 683 712 740 716 815 743 774, 769 |. 731 | 44:54211] 1408545 oo 3
MEAN1| 126 679 ) MEAN 2 | 104.3333 | 711.6665 MEAN3 | 1232 | 7634
STDEVP 1~ 3 22 [STDEVP 2] 20.75786 | 23.27135 STDEVP 3] 6.968501 | 33.07325 |, _
<1 SE1 212132 [ 1555635] SE2 | 11.98456| 13.43572 - SE3 [ 3.116408 | 16.536 % .
3 OR 4 COPY ANIMA P Far) n. . M//
. MOUSE | 8657 247 8646 9253 9200 9250 9199 8647 9254 9249 9255 & P I—— 1205 (L)t} DT
Exp 1 12 2 2 2 2 2 2 2 2 2 | /
SEX F I'F F F-_ |- F F F F F F F L,
- BP 171 | 118 | o7 10 124 124 | 1093 | 134 122 131 140 _™\I'1251182| 18.8519 | 5684062 # )
Ho 704§/ 718 663 7 690 | 704 711 687 740 700 707 # T 57047273 19.88645| 5.095002 | i
i - MEANZ2 | 120.53 | 7048 ]
- STDEVP 2M2.62411 | 13.27725 N VEEW
< o S SE2 | 3992093 [ 4.425751 — UL K L
s . & M ¢ .:(P‘,. .
a ?9} A \ (2 D. )
— .. :
- * ) F
anl v
3 2 > ol o (3
il
X s
\ -

Page 1
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L34

MAP POSITION:

D8Mit14

PRIMERS: TTTTCACACTCACGTGTGCG

PRODUCT :

143 bp

Tue 27 Apr 1993

64.9 cM from top of Chr8 (Framework)

GTCTCTCCTTCCTGGCGCTG

GENOTYPE: HBABBAHHAHBAHHHHHHBA-AB BAHABBABBBBHHHAHBHHHHHH (rank 1)

SEQUENCE:

0
60
120
180
240
ke 300
! 360

1 420
1 480
| 540
) 600

i ALLELES:

MTH227
MAP POSITION:

10
GGGTGCTGGT
GTACCTGTTT
ACACACACAA
CGTGTTACCC
TAAAATATCA
TATGTGCTTG
TTTAAAAAAG
CCAGNGACTN
GAGTCCGCCC
GTAAATTTGT
NGC

142

ob cast
155

20
GGAGNCCTCG
TCACACTCAC
TTAGAAATAA
CAGCGCCAGG
NGCTTATGGA
TGTCTGTANT
GNGGNANGGN
TCAANCCCCA
TTNNGNCNTT
TNTNNGTNNN

spr
130

D8Mit148

30
NATACCCGGG
GTGTGCGTAC
TACTGAAAAA
AAGGAGAGAC
ANGNGTTCAG
AGAAGGNNGT
GNCCTGGGGT
AGNTGCCCTA
NANGGTTTGG
ANTTTNCACA

PRIMERS: CATCTCCCCCTCACCTCATA

PRODUCT :

238 bp

40
NGATCTAAGA
AGACTGAAAC
CAGAACAGGA
GGTGGATCAT
TTTTNCTAAA
NANTATCAAC
CAGAACTGCA
GCATNGCCAN
CGTANTNGTG
NNCCNTNNGG

a b6} c3h dba balb
167 {1427 138 142 167

64.9 cM from top of Chr8

50
GGCTCTTCTA
-ACACACACAC
AGTTGGCTGA
CCATGCACAC
CCACTGGGNN
TAACTAAAGA
TGTACAANAG
NGTTTTGAGG
NGTGCATANT
GCCCGAGAGT

akr
138

.non
142

Thu

(Framework)
TGTTAGCAATATGGATTTTAGAGCC

60
GACTTTGTAG
ACACACACAC
AGTATACGTG
GGCCCCATGA
NATTTCAGTC
TTTCTTGTTG
CCCATTNTCT
ATTCCTCTNA
TTTTTCCTGT
TNNNGTNTGG

4 Nov 1993
Ay

nod
138

GENOTYPE: HBABBAHHAHBAHHHHHHBAAAB BAHABBABBBBHHHAHBHHHHHH (rank 1)

SEQUENCE :

0
60
120
180
240

ALLELES:

M77

MAP POSITION:

10
ACACCCACAT
ACATGTACAC
ACACACACAC
ACACACACAC
TAACAGGAGA

239

ob cast
227

20
CTCCCCCTCA
ACACACACCT
ACACACACAC
ACACACACAC
TAGCTCTG
spr
369

D8Mit13

239

30
CCTCATATCT
GCACATGTAC
ACACCTGTAC
TTNGTAGATC

a b6
239

PRIMERS: CCTCTCTCCAGCCCTGTAAG
PRODGCT: 98 bp

GENOTYPE : HBABBAHHAHBAHHHHHHBRH&B—iAHABBABBBBHHHAHBHHHHHH
SEQUENCE :

0

60

[ 120
180
240
300
260

ALLELES:

4 “L

10
TTNAAGCNNG
GAATTGAACT
AGCCCTGTAA
GGGAGAATTG
GGGCATAACC
AGGAAGTGTG
TGATGGACCT

98

ob cast
114

20
GTCCCGGGGA
CAGGACCTTT
GAATATTTCT
GCCACTTAGC
ACGGCACCCA
GGCTGTGATG
CACAAGACGT
spr
114

30

TCTCATTATG
GGAAGAGCAG
TACACACACA
ACAAACGTTG
CAGGATGGAC
ATGCAGAGAC

40
ACACCTACAC
ACACACACAC
ATGTACACAC
TTGAGTATGA

c3h dba balb
243

239 239

50
ACACACACAC
ACACACACCT
ATAGACACAC
GGCTCTAAAA

akr
243

non
239

60
ACACACCTGC
GCACATGTAC
ACACACACAC
TCCATATTGC

nod
239

1p
227

Tue 27 Apr 1993

64.9 cM from top of Chr8 (Framework)

AACGTTTGTGCTAAGTGGCC

40

GATGGNTGTG
TCAGTGCTCT
CACACACACA
ATAAAGCAGA
GGTGATTATC
CTATGCTAGC
AAGCGCCAAA

c3h dba balb
91

98 105

50

AGCCACCATG
TAACCACTGA
CACACACACA
GGCTACACTA
ACAAAGCTCT
TTCCCAGAGC
AGGNACCACC
akr non
94 98

(fank 13
60

TGTAGGCTGG
GCCTCTCTCC
CACACGGAGG
CGTACTACAC
TACACTTCAC
CACCAGACAA
CAGAT

nod ~\
?8 108
AR e Town ’C =

[
{1

VA A
11
1

-

1e|A]

11

—

8



5 Oct 1992

B74 p8Mit5 Mon

MAP POSITION: 70.5 cM from top of Chr8 (Placement)

PRIMERS: ACACTCAGAGACCATGAGTACACC GAGTTCACTACCCACAAGTCTCC

PRODUCT : 162 bp

GENOTYPE: HBAHHAHHAHBAHHHHAHBAAH— BABABBABBBBHHHAABHHHHHH (rank 1)

SEQUENCE: 10 0 40 6____, 5 60
o] CCGCTCCTGA GACTACTTCA GACACTCAGA GACCATGAGT Al ACCACTAA GAGGAGCAAG
60 T TGGTGG AGAAACAGAA GAAAAAGAGA AACAGGAGGA T TGGGCGCG CACAAACACA

ACACACA CGGCATAACT GGAGACTTGT GGAGACTTGT GGGTAGTGAA

GTT
c3h dba balb akr non nod
164 164 160 180

Thu Jun 2 13:50:25 EDT
MT13 p8Mit156 Mon 15 Nov 1993
MAP POSITION: 70.5 cM from top of Chr8 (Placement)
PRIMERS: ATTCTGCAATGCAAATACATACA AACCAATGGCCTCCAGAAG
PRODUCT : 139 bp
GENOTYPE: HBAHH HAHBAHH—HAHBAAHB BABABBABBBBHHHAABHHHHHH (rank 1)
SEQUE. s 10 4 60
0 ATTCTGC AC ACAGAGAGAG
60 AGAGAGAGAG AG (07:1 CTGACCTTTC AAGTGGTGGC
120 CTTCTGGRGG CA GCAAGTTARA
0 TAC A CTCCA GGNCTCCTTT
TAG GTCTCAAGAA
aor—mod f1p
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262728 29 30 —2
317172739

74

757677

7879

45

50 51 80

)

81
404157 82 83

15
11323384
85

86
123447

55
13 14 36 49 91
42529 —

93

Atpdb*, Insr, <Pep2s

19 —/— Feer2a

Polb, Ank1, Plat
Fitz2

Defcr

Gr1

Sevr, D8Fcrt

Act-rs6

Hpvel

Lpt*, Vpp3

Apit-ps, Jund, Mel
Uep

Lyit, Junh

Est, Cest

Es6

Gnao, Mt1, Mi2, MI3

Cenb1-1s9, Got2*, Mov3q ”
Acadm

Um, Cadp, Yolb

Leat

ZIp4, Hp, Ctrb, Tat

Maf

Aprt*, Cdh3*, Fmv2,
Gper19-1s2, Acta2

Agt

116627273
u——
26375767778 — |
79—

80—
1981 82 — |
8453 83 —

51

202185

22 —_
232425548587 Ndsg

2688 —

27284589
152930 31 60

@

65 7 N
@mmmaw~\\
92.93 95 96 94
3536 37 56 66.97

38 39 \

41

Camk2b, <Lit>
Ten2

Nifr*, Gk
Ikaros

Erbb

Spnb2
—— Rel

Hba

Adral, Gabral, Gabra?
Padl

1, Its

13, Csfgm, 1113, Mgat1,
Irf1, Camb, Tef7

Sparc

Girl

Pmp22, Ahdq

Myhs, Shbg, Reven

Myhn2, Zfp3, Rpo2-1,
Asgri, Asgr?

Acrb, Tip53, Atp1b2, Glutd

Movg, D11Bay2

N1, Crybat, Edp1, Ter2

a3, Sigje, Mip1a, Mipth

Mpo

“Colat, Ngfr, Hoxb, ltga3
D11Kng1, Rara, Erbb2,
Erba, Top2a, Csty

Krt1

Cnp1

Glap, Itgh3, Wnt3,
Miapt, Myla, Ace, Apoh,

- ltga2h, Emph3,

T ——— Scmda

Gh

Gnal3, Pkea

The chart shows a current genetic map of the mouse that providesa

marker every 0.6 centimorgans (cM) on average, which is roughly
equivalent to every 1.1 megabases. The genetic markers are of two
types: 1518 simple sequence length polymorphisms (SSLPs), shown
on the left, and 1098 gene-based loci, shown on the right,

SSLP Map. The SSLP map consists of loci defined by polymerase
chain reaction (PCR) assays, each involving a specific pair of PCR
primers flanking the site of a short repeat sequence of variable length
— in most cases, (CA),. These markers tend to be highly
polymorphic among inbred laboratory strains, making them especially
useful for genotyping intraspecies crosses. Most were based on
anonymous (random) sequences, although about one-tenth were taken
from repeats found in known genes. The SSLP markers shown were
all genotyped in a single interspecies F cross [W. Dietrich er al.,
Genetics, 131,423 (1992)]. The data were subjected to a
mathematical error-checking procedure [(S.E. Lincoln and E.S.
Lander, Genomics 14, 604 (1992)], with the result that the relative
positions of the loci were supported by a likelihood ratio of 1000:1,
except for underlined loci, for which the ratio was >10:1. For nearly
98% of the markers, which were developed atthe Whitehead
Institute/MIT Center for Genome Research (WI-CGR), Cambridge,
MA, formal locus names have been abbreviated. For example,
D17Mit3 is shown as 3 on chromosome 17. The remaining SSLPs
were developed elsewhere but were also genotyped in the same cross.
For these loci, the symbol of the originating laboratory was retained
(For example, D4Ndsl is abbreviated Nds1).

Gene-Based Map. The gene-based map is primarily defined by
cloned gene probes that detect restriction fragment length
polymorphisms (RFLPs). This map is especially valuable for
comparative mapping between the mouse and human genomes. The
framework for the map is the Frederick interspecies backcross map
[N.G. Copeland and N.A. Jenkins, Trends Genet. 7,113 (1991)],
shown in black fype. Because these loci were all mapped in a single
backcross and subjected to mathematical error-checking, the orders of
loci were supported by a likelihood ratio of 1000: 1, except for
underlined loci for which the ratio was >10:1. Loci shown in red (E)
consist of additional genes and anonymous DNA segments mapped in
human and mouse that were not mapped in Frederick, but were
reported in the 1993 Mouse Chromosome Committee Reports
(Mammalian Genome, in press); the positions of these genes were
inferred on the basis of mapping information in these committee
reports. Loci in brackets <> were used to align the maps with respect
to the centromere. The position of the centromere is indicated by a
circle at the top of each chromosome. Chromosome lengths were
drawn to scale on the basis of a 1600-cM genetic length. A break in
the distal region of chromosome 11 indicates that this chromosome is
slightly longer than predicted by & 1600-cM<map.

Integration of Maps. The two genetic maps were integrated by
mapping approximately 250 of the SSLPs from the WI-CGR in the
Frederick interspecies backcross. These SSLPs are indicated in
green (M), with lines connecting their locations in the two crosses.

Mouse-Human Homology. The colored segments within each
chromosome map indicate known regions of synteny or linkage
conservation between the mouse and human genomes. The
correspondence is based on those mouse genes whose human
homologs have been mapped in the human genome; these loci are
indicated in bold. For loci mapping near the boundary of two human
homology segments, those loci mapping to the proximal segment are
marked with an asterisk.

Table. The table included in the chart contains a representative list of
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- : R R { parsimony analysis " Fig. 1. (A) Genealogy of .
* CB8 agp it WL ey . 144 locl 24 inbred strains of mice
c57B . L=564 " (10-12).[Black dots refer 8
o to cross¢s made in pro-:
1 CE7B ! duction |of a particular .
' CLP strain, [B) Parsimony
: 129 analysis of 144 single lo- :
l " e cus genotypes (rathcr
3 : than a genetic distance E
l SWR matrix) for 24 inbred
I BUB strains of mice. Phyloge- P
l . petic trees representing
N NZB estimated  relationships 8
l " P.. among strains were pro-
l’ : BDP duced byal usingh the par- 5
simony algorithm (15):
- DRA/2 ‘. The length of the tree -
‘ DBA/1 " "(L) reflects a total of 565
N B | . allele fixatons. The .
l ST. _ branch lengths are in al-
}- . RF lele fixations (arabic £
) : numbers). The numbers
- - AKR . in italics reflect the num- - 2
! o~ 1t. ber (out of 100 resam-
= CBA'T “1:1 plings of the data) that :
s . give the same clade (16).
= ,G3H Nonintegral numbers of :
“SEA 1~ ¢ substitutions (allele fixa-
- BALB/c - .* .. tions) arise from averag- - .
. : «: ing over all possible par-
— . SEC -, _ simonious solutions for - o
« AL  the tree. Dotted _lines
AT T T T L reprcscnth but - L
Jrn et e an i gett i B0 " 89 equally .- parsimonious

- 4o o0 i Average. number of aliele fixation ;-7 joinings of taxa. £
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Recombinant Platelet-derived Growth Factor B Gene Expression
in Porcine Arteries Induces Intimal Hyperplasia In Vivo
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Abstract

Platelet-derived growth factor (PDGF) B chain induces cell
proliferation in vitro and is associated with arterial lesions that
cause cardiovascular disease. However, it has been difficult to
document the biological response to PDGF B gene expression
in arteries in vivo. To determine the biologic effects of this
growth factor in vivo, we have introduced an eukaryotic expres-
sion vector plasmid encoding recombinant PDGF B by direct
gene transfer into porcine iliofemoral arteries using DNA lipo-
some complexes. The presence of PDGF B plasmid DNA and
expression of recombinant mRNA were confirmed by polymer-
ase chain reaction analysis, and recombinant PDGF protein
was demonstrated by immunohistochemistry. Intimal thicken-
ing was observed in porcine arteries 21 days following transfec-
tion with the recombinant PDGF B gene compared with arter-
ies transduced with a control gene, E. coli B-galactosidase. An
eightfold increase in intimal to medial ratio was present in
PDGF B gene transfected arteries compared with control trans-
fected arteries (P = 0.001). This study suggests that expres-
sion of a recombinant PDGF B gene in vivo can play a role in
the induction of intimal hyperplasia, which can lead to cardio-
vascular diseases. (J. Clin. Invest. 1993. 91:1822-1829.) Key
words: gene transfer « gene expression » platelet-derived growth
factor * cellular proliferation « liposomes

Introduction

Multiple growth factors stimulate vascular smooth muscle cell
proliferation in vitro, including the dimeric forms of PDGF.
PDGF BB is a potent smooth muscle cell mitogen (1, 2) that
may also act as a smooth muscle chemoattractant (3-5). In
vivo, the role of the PDGF B gene in tissue injury and athero-
sclerosis has been difficult to address. This difficulty arises
from the complexity of cellular and protein interactions in
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M.D., University of Michigan, MSRB II, Room 3560, 1150 W. Medi-
cal Center Drive, Ann Arbor, MI 48109-0688.
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vivo, their paracrine and autocrine nature, and the cascade of
events that can be induced by experimental manipulations. Itis
often difficult to determine whether a specific gene product
induces intimal hyperplasia directly or indirectly through other
gene products synthesized in response to injury. Recently, it
has become possible to express recombinant genes in vivo by
direct gene transfer utilizing retroviral vectors or DNA lipo-
some complexes (6-9). Direct gene transfer permits the deliv-
ery of a specific recombinant gene into vascular cells at specific
sites in vivo and affords the opportunity to determine the ef-
fects of a specific gene product in the arterial wall (10). To
define the function of PDGF B within arteries, we have directly
introduced the recombinant gene in porcine arteries in vivo
and have shown that expression of recombinant PDGF B can
cause intimal hyperplasia. These data suggest that expression
of PDGF B can induce vascular lesions relevant to the patho-
genesis of atherosclerosis and restenosis.

Methods

Plasmids and cell transfection. The PDGF B expression vector used for
in vitro and in vivo experiments was prepared by ligating the Sali-
Xbal fragment of the v-sis gene into the Xhol- BamH 1 cloning site of
the pSVL vector (11) (Pharmacia, LKB Biotechnology, Piscataway,
NJ). This vector utilizes the SV40 late promoter to regulate expression
of the PDGF B gene. Primary porcine endothelial cell cultures were
established as previously described ( 12) to test expression of the PDGF
B vector. The pSVL/PDGF B plasmid expression vector was trans-
fected into porcine endothelial cells using 12 pg of Lipofectin® (Be-
thesda Research Laboratories, Gaithersburg, MD) and 5 ug of DNA
(stock concentration > 1 mg/ml) (13). Culture transduced endothe-
lial cells were assayed for secretion of recombinant PDGF BB superna-
tants ( 10% ) with a colorimetric proliferation assay ( 14) using NIH 3T3
cells, and a fourfold or greater increase in proliferative activity was
observed. No evidence of cell transformation was observed in endothe-
lial or vascular smooth muscle cells stably transduced with this vector.
The E. coli §-galactosidase expression vector was prepared by cloning
the B-galactosidase gene into the pDOL vector, which was derived from
the Moloney murine leukemia virus (Mo-MuLV) (15). The wild type
Mo-MuLV LTR provided the promoter for the S-galactosidase gene.
Gene transfer in vivo. In vivo arterial gene transfer was performed in
15 pigs, 9 with the recombinant PDGF B gene and 6 with a control
reporter gene, E. coli B-galactosidase. Double balloon catheters were
positioned in the iliofemoral arteries as previously described (6). The
arterial segment was rinsed with 5 ml saline and 5 ml Opti-MEM to
clear the vessel of blood. Approximately 10 min before the insertion of
the catheter, the DNA liposome conjugates were prepared. 5 ul lipofec-
tin was diluted into 0.2 ml Opti-MEM at room temperature, and 2-5
ug plasmid DNA (stock concentration > 1 mg/ml) was added and
mixed by gentle tapping. The solution remained at room temperature
for 5-10 min, and 0.5 ml Opti-MEM was added to the DNA liposome
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i *
b oeRC 1 GAATTQCGCTTGGTGGCAACAGGATGCGgTCCCTGCTGCTGTTCACTTTC
Gl ‘ | -
—— | —
: ratNeRC 51 TC GCGTGCGTGCTGCTGGCCCGGGCGCTGCTGGCTGGCGGTG\ G ~ -
LatNPRC 11 TEGCGGTGGGGACACCGGACCAGGCAACAGERAT 6.6 AGAGAGAGGCJ AMIAC
—— ~ )\ N =S Deni7 >
Lip R @K el v -J»t FlARlIDN . Yot
B ot NPRC BlTG%CG ATCGAGGTGCTTGP~CTAJT%CCCCGGGACGATTCG
g \f:, "E : s L 2 | ‘:1—\: .‘! N
*”mumm zmTAC?TGTTCTCGCTGGCCCGGGTG fCCGGCCATceAGTACGCGCTGc$\\“"-w
——— =P\ | iy
ratNPRC ElTAGCGTGGAGGGCAATGGCACCGGCAGGKAGCTGCTGCCGCCCGGCACTC
T ——
; |
B | ratNPRC mlGCTTCCAGGTGGCCTATGAAGACTCTGACTGTGGCAACCGTQCGCTCTTC )
———
TatNERC 51AGTTTGGTGGACCGCGTGGCGGCGGCGCGCGGCGCCAAGCCGGACCTCAT
t ratNPRC w1CCTGGGTCCGGTGTGCGAGTACGCTGCGGCGCCGGTGGCCCGGCTGGCGT
— \
- ratNPRC 51CTCACTGGGACG\GCCGATGCTGTCCGCAGGAGCGCTGGCCGCGGGTTTC
: N \ 1
e ratNPRC mlCAGCACAAGGAGACGGAGTACTCGCACCTCACG GCGTGECEE CTGCCTA
‘ \ . j e : TR . sameet, W\ L'EP\ am ==
J " ratNERC ﬁzchch¢sﬁjegeA éﬂATG%JGWTCGFTCTGWTCCFCCACC#bCACTG
N VPR AL-V*H-fﬂ§~4JH AGMTGATGWTCGCTCTGTTTCGCCJCCACCAGTGG
. T ———— \ 4L_,——‘——"’ =
\l_"—_ﬁ — AJ ? ‘s\’;\ }
~ ratNPRC 601 {GCC GIC s CGTGCTCTACAGCGACGACAAACTCGAGAGAAACTGCT c "' 5\~-
N TiNFRC 38 [GCCGT CAGCCCTGGTCTACAGCGACGACAAACTCGAGAGGAACTGTTAT

ratNPRC 651 lTTCACTCTCGAGGGGGTCCACGAGGTTTTCCAGGAGGAGGGCTTGCACAC

rnNPRC 83’TCACCCTCGAGGGGGTCCACGAGGTTTTTCAGGAGGAGGGGTTGCACAC

i — * ratNPRC 701 GTCTGCCTACAATTTCGACGAGACCAAAGACTTGGACCTGGACGACATAG
| - TNERC 138 GTCTGCCTACAATTTCGACGAGACCAAAGACTTGGACCTGGACGACATAG
o) r—-—-\\»ﬁ_ EMh L T ——

] ’f—- - ratNPRC 751 TGCGC c\cAlG Q TG GCGA GGTGATCATGTGTGCCAGTGGT
" eé\ \b‘ i
AT G A

L . MNFRC 188 TGCGCTAC G\CG§ GGTGATCATGTGTGCCAGTGGT

= focsctt |
VN

- — E ratNPRC 801 GACACCATTCGGAGAATCAT\SJ)/GGCkGGTGCACAGACACGGCATGACCAG

mNERC 238 GACACCATTCGGAGAATCA‘TGTTGGCGGTGCACAGACACGGCATGACCAG

e Ay

—_— - — __ ratNPRC 851 TGGAGACTATGCTTTCTTCAACATTGAACTCTTCAACAGTTCT\E‘CTL\«ACk

mNERC 288 TGGAGACTACGCTTTCTTCAACATTGAACTCTTCAACAGTTCT CCT'\A
— _— E zatNPRC 901 GA &SCTCGTG AlAlcAGAGG|GIGACAAACACGACT|T
nNERC GA “G“C’TCGTGG GAGAGGA[GACAAACACGACTIC

_ ratNPRC 951 GCTTACTCATCCCTCCAAACAGTCACCCTGCTGAGGACCGCGAAGCCTGA
mNFRC 388 GCATACTCGTCCCTCCAAACAGTCACCCTACTGAGGACCGTGAAACCTGA

TGAAGCTAA[GICAA
TGAAGCTAAA[CAA

>

| ! ratNPRC 1001 GTTTGAGAAGTTTTCCATGGAGGTGAAAAGTTCTGTTGAGAAACAAGGGC
. mNERC 438 GTTTGAGAAGTTTTCCATGGAGGTGAAAAGTTCTGTTGAGAAACAAGGGC

kS SHxm > ae— b—> Caen U

1 p rathNPRC 1051 TCA\ATGAGGAGGATTACtTGAACATGTTCGTTGAAGGCTTCCATGATGCC
[ GCC

MNPRC 88 TCAATGAGGAGGATTA TGAACATGTTTGTTGAAGGGTTCCATGAC
. |
ratNPRC 101 ATCCTCCTCTACGTTCTGGCTTTGCATGAAGTGCTCAGAGCTGGCTACAG
- IINERC 538 ATGCTCCTCTACGTTCTGGCTTTACATGAAGTACTCAGAGCTGGCTACAG B







Thuws g€l =~

PP B =C % :

PR W | %@w\ Fr\ \2.\ 9-0&‘ RQ.E y&kk\(

,, Adw ¥ \bAS (zQsac\(-eAw;a&\éM i
K12 20% PeR. mxl2spl

r'e? O INTP's 5w Mxo.\ gL

BRI dDMS0 wx2.,5 .l —of-ab
P T o T BN LT
t , !
. rﬁ%‘\\ﬁ%_ﬁq( wu.z‘ﬂ ""“‘:L o
{.@5:\5&“ PR 0 311_&’_&7: \pf ¥ “3
B G Do S ¥ 258
*_4{?3§ W3 -Beﬁedc%; sk uh - { |
M 100 R¥fec each et ek
| : q
. ,7:V g—&&.}\r \..rconauk W . t
| Dgpemkt 9ol o 2acda u%‘.~ —
i | * R A MR M\LM\\ '
%ﬂ?;, :U!%‘\IB __Buz ;

i SN I L W ﬁ%ﬁ%‘w :
-5 b %g’;?ak%
b5 b Lx%?..@;f z\oﬁnf i, Lt
T | C Mo







T b 2. \oegle Iniuvenlc

| ‘ k(S 7sec
J —> ° 10 . .
I Q*‘faxiow (‘,:‘;op2 ek S

fle) _ | ]
iE %ﬁﬁ ’ .






e

117
| Al g bk
- i Dok of TL—GR CR
r ' o\ \ s
| é ddus \lé.l‘i’
| A2 20%PeR |25

B'81  AINTR'S 250 | 0

| N 'k DMSO 25 N
WS ) ¢ Q:Ww:‘\
% Stomdert Lo ‘2\

- 1 UpL (Z9Buba) \@ |
T AaeER) | f_gg‘_'rédru) |
- — — e w1t (LR)
= GAC A S
l)7/; Vuj—c(mLiP\ * & ‘
v T ZR To ’A,:ASKHQ To 2‘“?5},,( Y3

1. (é;p.i‘@ (,yecQ‘ > L ekt wadk
&gﬂ: %Mvﬁ@ ki CICY
W’T“”“ , PR
. l(Sec. &0°
(o:aomwﬁ
SO S NS % e

o 5"(.5’0










121
- 1 , a’\‘g:;;m
— 5 B Vi e ﬁ“
N —j <9 gftii ETH?‘ ou\SouI%mv& .._MMJ'@
- b um(L 0. \x%ﬁa M&Jﬁw = e
| e on ek L4« A
- S o vadkalB.

|
|

NM e wer

g &@M@

g ———

j Y e lei
i ,_ L 9\2‘ ‘
3 @Wm.? J%H T o i_??r;:: T 1.‘ R,,,_S
- -:»«t |
b ]H‘Ll Mowre DD 4L AMR %&6\ W )

22 Rak ™A

[rpp——

e p— —

|
|
||

T ——

et ]

|

1 10 NLSR MMMH - 2
A Wade .
- | £C MM
q%
®oye
= O —

Conclrom < YL/%‘P\WMQ»Q ax ks (L)
Ty R e

%“mm

|

|




122

5 note: __ 1L2 2 ::

e [cI=1A] [Ix[&] [Cle'c] [CJ&E&] | &Eale]|
120 | [@wF el (T 2 F

450 . IR

N N N N s

) note: iMRQ‘- 3
1_1_ Lclele ] [alT]e] [XITTel [eclel [Flalel 5
A Y < - 3 == O O e e O O B A
b5 N — B




123

%Fedci& '%%%8? &v«wv@«c 434\5?
Warg AL and AMR

S
" ol ol PP ot

\MR
ggw.QQ Lo wgde . g

Sequence: 0B480

Totsl basess = 20
fi= 3, 6= 7, C= &, T= 5= B=

- (mixed baseb— @) SR
MW 6128.2
9'> LCC ATC TTE GCG TAG GCA 66 <3’

VSequence: 26479

Total bases = 20

A= 3, 6= 5, C= 7, T= §, §= @, 6= @&, 7= @, 8= B
S {(mixed bases= @)

; i .
MU E06B5.0 \
5'> CTA TT6 CCC CG6 6AC 6AT TC <30
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