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Analysis of human HoxA gene control region and its effects on anterior-posterior
axial pattern formation using transgenic mouse embryo
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Abstract : The human homolog of position specific element of mouse Hoxa-7 was studied using transgene. It
contains a 1.1 kb human DNA (HCR)— a homolog to the intergenic region between Hoxa-7 and -9, which
directs the position specific expression of Hoxa-7—, tk promoter, LacZ (f-galactosidase) gene as a reporter, and po-
lyadenylation signal of SV40 large T antigen. It was injected into the mice embryos, and the resulting transgenic
embryos were analysed through PCR as well as genomic Southern blotting with placenta DNA. Out of 20 embryos
analysed, two were transgenic. Among them, one transgenic erbryo expressed transgene when stained with X-gal.
The expression pattern was in analogy to that of the mouse Hoxa-7, showing spatially restricted expression pattern.
Since the expression of f-galactosidase is regulated by the upstream human HCR sequence, it implies that the
HCR is the plausible position specific regulatory element of human.

Key words : human, HOXA, control region, X-gal staining, transgenic mouse embryo

A B ernal effect genes, gap genes, pair-rule genes, segment

polarity genes, homeotic genes 5] ol27}12] 22}

Z7] w4y B3k TS R A ET} chekdl iy 7h Bodshs Ao gElA o' ol FHAE

HA & Tt el 713 o =2Hog Rl & & i EY AFH R SolshAl WEsE s Ao
A ANAE AFAtict. o] 3t U2l HAollE mat- 2 A e

Addrcss reprint requests to Dr Myoung-hee Kim, Genetic Resources Center, Genetic Engineering Research Institute, KIST, PO
BOX 115, Yusong, Taejon 305-600, Republic of Korea.

— 95 —



Homeotic §-AA}7ol 438 Hox 8= €A
A2tah ohesold 77 38N whAsigen o5
A A FellA clusterE o] F FEAEISL U ZH7te]
Hox §AAE-8 183 bp DNA &, 61719] olujit-&
<} % 3}3}+= homeoboxzli ¥al$+ 98 stz
slost 3, 31 52| M (body paer) 24
#hc}. Hox clustery= C elegans®} Drosophila & X%
she Exozyel vhes 2 Al olZAA A
RE ETo)4 WART TP opesst AL o)
©] Hox clustersZ Z+31 glon] 7+t A2 & g4l
ol] #1x]s}3. HoxA, HoxB, HoxC, Hoxd 2 9=
t}: HoxAyE A% gA4A 78 (v 6), HoxB+
174 (©R$-2 11), HoxCE 1241 (u}$-2 15), HoxD
28 (BheA 200 AL 223 o] F 7}
clusteroll &= 2k 1003702 Hox A5 o] EAlsl=d|
o5 1378 Foz UHelAn™ Selat e
cluster Woll219] $1219} WA E 29 2 717 col
incar*]— Ho|ct. &, 8 cluster Woll4 T 3' Zof] 91X

LA W ( antcnor)’—'&—,—E“] we g Fo 7 Zuj
% o A $9lolq o] ol AL 5 Fol
AAGSF A © 5 FSAABE wao] A\zHel
o & WA oA Feiedo] PASA A% gas-
trulation &7)5E] wao] Aztslo] 7|} Aol £
Y= 7] gastrulation A} 7] 7HA] Whg o] R|<&E =], T
5' Zoll X% KA} 3' Foll SR8 FHARG A
AHog v £ wo] o’ Fuldo] WA F
Alof] Mup2=HE] Fupo g BE-2] positional identity7}
AAo| =ty d2lA vl FA17]ol differential ex-
pressiong 3= Hox f-AAE0) ofoll deigich= A
o] Hox code (¢]®™ combination® 2 Hox A A-Eo]
W E Evlel wet o 74 Y55, & patterno] 24
Aoke 4)9) A A ZEs A7ls glen &
#oll o] homologous recombinationg ©]4% Hox
271212} knocking out A&l 23} loss of functiono]
1} transgenic miceE o]-&3} gain of function &
Ealo] HEHog Zro] 3 glep'*

a2l Hox Az AJ27H¥Ql differential ex-
pressiona oA ZA o] HEAAIL o 7ol & 3)
g 17| 9ste] vh$-£2) 9= transgenic system$
Esle] 99 Hox {3k A3zt =4 AAHie. po-
sition specific clcmcnt)—a‘ol.‘é-]’c‘ﬁﬁg_b}w Aretel 739
E A A3t HojA QA gt B AFNAE vk
2 Hoxa-79) Z7HEo] Z=A )=} (position specific con-
trol element)?} 71 d7te] AgAde]l ¥ human
DNA(HCR) fragmentZ o]-&&}o] transgenes 33}

2 o]& mouse embryool] microinjection(9] A5 &t
of transgene?] 4ldlo] HCRel| 2f3to] oA =4x]
A% Bl g A4-g sl

UL U

pHU-1 BRtA|S RE : MElE pLESO(Max-
Planck-Institute®] Dr Peter GrussEHE] Fokil8)g
A8KA Hindlll®} BamHI(Boehringer Mannheim,
Germany)o. 2 Acksle] #H7jdF & F 6.9kbe]
band& F&sle] ABsl9a” 442 human
genomic libraryoll4] #2]dF HCR(mouse Hoxa-7¢]
control region®} 7|4 d7re] 4EAlo] ¥ human
DNA fragment)}& E¢stx v Eeliav]= pHME
Qe ed T AT oATA Dr Kim et alo 2
HE] Hopilol Agslich pHMS AldtH A Smale
Z Atlsled o]E Southern blot analysiss o]-&s}o]
mouse Hoxa-7 control region?} 37| A4 7ke] 454
o] 72 =& DNA fragment(HCR 1.1kb)E 323t
¥ F33te] ZglAv|= (Bluescript SK, Stratagene,
USA)9] Smal siteel] ligationA]# pHCR-& igic}.

o] pHCRE& Xi]‘é'}_'é'_’:': Hindl11¢} BamHIo 2 ZHxt
sted HCR 1.1kbE FFslod WE] pL3} Sambrook et
al®e} Wl o 2 ligation A|7] ¥ Hanahan9] Wi o g
DHB5a(E coli strain)el] transformation #te§ pHJ-1-5 <!
Ak,

Transgenic mouse embryo HMIZt : pHJ-1 Eefs
u]|cg A& A4 Hindlll®} SmaBleZ  Aglslo]
LacZ §-A 2} A fele) 1.1kb fragmentE ¥ g}
= 4 9kb bandE FZal it ojul) DNAS 5%+
2ng/plo] H 55 w|AlFEE $4(10 mM Tris-HCI,
0.] mM EDTA)e g2 =A%}, Transgenic mouse
embryoy= Hogan et al”9] H} & o] §slod WH53]c}.
6721¢] F1 hybrid(C57BL/6 X DBA) Q3 wh-$-2oil
5104 prcgnant mare serum gonadotropin (PMSG,
Sigma, USA)Z 7] Folslsr 484)7+%F 51U hu-
man chorionic gonadotropm(HCG Sigma, USA)S %
) Sl Tk SEsheleh ke o ohes
£ F1 3 ul-$A(C57BL/6 X DBA)} & A]'Za
I ehet 1 AEZ] RS M2 medium®ol) 3-8 A
Ak, v AFYL Y3 1AE7] vpsA RS 917)
2#h4 HCG £01% oF 204 7Hloll nhg-29] \Jat =)

22 ged GpAE Hoju E 35t ol 58
Hel W rAES AAsEY] Hske] hyaluronidase -4
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Fig 1. A: Construction scheme of the plasmid, pHJ-1, containing HCR 1.1kb DNA fragment orginated from
pHCR. B: Agarose gel electrophoresis showing restriction enzyme digested pHJ-1 DNA. M, 1kb ladder
marker, lane 1, HindIll/BamHI; lane 2, EcoRl; lane 3, HindIIl/SnaBl. Arrowhead indicates the 4.9kb

transgene, HJ-1.
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(300ug/mi)ell A 337+ A2} & 12,000rpmell A 587+
AAgeIs FA9) Welo] Hole 4ol ulAE
4 3ldet.

X-gal 24 : AR vhe20) HEHE ek AFO
2Ry 2e%¥ embryoE phosphate buffered saline
(PBS: NaCl 8g, KCl 0.2g, Na,HPO, 1.44g, KH,PO,
0.24g/liter)o] AL 24 well plateol] o] A3t
% PBSE AlAste] 2mle] 324N (37% formaldehyde
1.35ml, 25% glutaraldehyde 0.4ml, 10% Nonidet P-40
0.1ml, 20X PBS 2.5ml, D.W 46.65ml/50ml)& o]
4T o4 3055 24 AFch chgoll PBSE 2084
23] AMskT 2mle] X-gal oY [X-gal (in DMSO,
40mg/ml) 0.25ml, 500mM K;Fe(CN), 0.1ml,
500mM K.Fe(CN), 0.lml, 100mM MgCl, 0.2ml,
PBS 9.35ml/10ml)}& #7bste] 1-220%<F 30ToNA
AAstga ge] Bt F PBSol] Yol 4TollA B
k. 8l embryosE 30, 50, 60, 75, 80, 90%
glycerol2 clearing 30§ Kodak film(USA)e 2 7} H.9]
HE AL At

Genomic DNA2| £& : Ausubel et al™9] W&
HyYste] FEacth 43 vk 105-12.59%
embryoZ €] Fa|¥ edbel] 700ul 2] proteinase K
buffer(10mM Tris-HCI pH 7.8, 5mM EDTA, 0.5%
SDS)9} 36p12] proteinase K(20mg/ml)yE g7}l 55C
o] 4] 16A]17F ¥-&A)17] ¥ 20p12) DNase-free RNase A
(10 mg/ml)yE >g7}sted 37°TellA 1-24| 7} H-G-A]7] 3L
phenol/chloroform /isoamylalcohol(25 /24 /18 4lo]
1027 & E9438 ok 12,000rpm 4TollA] 105 U4
Besle] 4ZHo| <©}A] phenol/chloroform/
iscamylalcohol-& H7tste] EgsA AFHE 353}
gr}t. kel chloroform/isoamylalcohol 2 7}aled
Aole $|sted  600p2] isopropanold  7}ahed
DNAE AAAF|aL 90% ethanol® 13], 99.9%
ethanol® 23] A3 ¥ 500p2] TE bufferg Yol o
A3l ).

Polymerase chain reaction(PCR)
genomic DNA 200ng, oligonucleotide A(5'-
CTCCCTCCTCCCGGACG-3")¢} oligo B(5'-
GGCAATTCATTGTGAGG-3') z+z} 50pmole, Taq
polymerase(Bocehringer Mannheim, Germany) 1U/ul
& Ag3te] ofeliel o] PCRE F8fslict”. 10X
PCR  buffer(100mM Tris-HCl, 15mM MgCl,
500mM KCl, pH 8.3) 2plell 200ng2] genomic DNA
£ A7l oligonucleotides A9} BE z+z} 1p14 7}k
¥ 1U/p19] Taq polymerase 1pl9} 5mM dNTP 1plE

Placenta

H7bsks DWE 20pE 2r29ch. 28] 3 2062] min-
eral oilg H715F ¥ 94Coll4 587 denatured}g]it,
DNA Thermal cycle(Perkin Elmer Cetus, USA)ell4]
94T, 58T, 72TCollA] Z} 1874 denaturation, an-
nealing, polymerization-g 303 wh8sle] F3fslsich.
PCR HA41E2] Southern blot analysist= PCR A4 5-g
Hybond-N" Nylon filter paper(Amersham, USA)el] &
o] A7), Dig-11-dUTP7} 48 HCR probe & 7}4)
a1 1647} 53TollA hybridization &gl c}.

Placenta genomic DNA®2| Southern blot
analysis : 7}-$-2 genomic DNAE A8k 4 FcoRIS
B s3] Agdsle] A7)gdE4 ¥ 0.25M HClol] 55
Z¢ Wh-g-A]Z] 2 denaturation solution(0.5N NaOH, 1.
5M NaClyll 1584 23] A=elsli neutralization
solution(0.5M Tris-HCl, pH 7.5, 3M NaCl)el] 1584
23] "5 A]Z1t-S Hybond-N' nylon membrane & &
capillary transfer WPEo) <Jaf Me] A\zlch. Melg)
genomic DNAT  314nm  UV(Fluo-Link, USA)
irradiation(0.7] /cm® of energy)©. & 31A#}3l prehy-
bridization A|ZIchg o|u] FH|E probeE 7}l
16A]7} 53TCollA] hybridization Al#c}. 18l3 X-ray
film(Kodak, USA)ell ;=2abo] -70°TCollA] 527+ Rt
4 develop A1 Zt}.

Hybridization probet= Feinberg et al’*&¢] random
()hgonuclcoﬁdc primer method& ¥4t Megaprime
DNA labeling system(Amersham, USA) ¥h] o & Zu)
k¢t Template DNA(LacZ, 100ng)?} primer
(random nonamer) E3%}8-3 100TCo|A] 587} 3o
denature A]71 % labeling buffer(dATP, dGTP, dTTP
in Tris-HCI pH 7.5, 2-mercaptoethanol and MgCl,)
10p12} radiolabeled [a-*P]dCTP(3,000 Ci/mmole)
5pl, Klenow fragmentZ A& £¢3l 37CelA] 1027}
HESAIZL F 0.2M EDTA 5plE A7l k3 FAA
ek

i oo

pHJ-1 E2tAD|ES| & : pL680 WE] & At A
HindllI®} BamHIo. 2 Aegt ¥ P,(tk promoter),
LacZ, poly A signal, f-lactamase(ampilcillin®) -§-#1 =2},
bacteria £l 7HA) A (replication origin) -2 3=
6.9kb fragmentE 9131 pHCRE A|3FE A Hindll12}b
BamHI2 & Axtslo] 1.1kb(HCR) fragmentE a2l
% ¥ fragmentZ ligations}e] pHJ-1 Ee}Avn| =g




Ac}(Fig 1A). 18] 1B pHJ-1S At 42 Hals
o] A4RARe =] o Wk Hog Aew Me
marker(1kb ladder), lane 12 AI3t& A HindlIIS}
BamHIS.Z He]gk Z1eg 6.9kb ¢l #leje} 1.1kbe)
AYFARE £+ AT E o] A0 WO ol
ZEAE GUs)sle] AlgAA EcoRle g AHgt
(Lane 2)slo] 2 73} 1.1kb fragment7} Hol= Ao g
ul o] AueelE sl Lane 38 ARE4
Hindll19} SnaBlo 2 Axkgt Zo &  transgenic
mouse embryo AHZEA] zygoteol]l F & 49kb
transgene(HCR-Py-LacZ-poly A), HJ-1 bandE %9l
st

Transgenic mouse embryo?| H|Zt : Transgenic
mouse embryo& 7] 9Jslo] transgene HJ-1(4.9kb)
< 2ng/ulE AEFslo] nlAlEg] ubgoz 96719
mice zygotes -4 A &el] w|AlFYsle] 4njele e
wk--£(A, B, C, D)el] o]4sl3ich. A, B, C up$-A
-5 i) e) 2z 15, 14, 147049 zygotes
olAElRE D vhAE 9] Tkt
10709] zygotesE- o]A)slxith. ©]4] % 10.5-12.59U8
9] embryoE 22 313, F 20 vlgl2) embryo(A:
9nte], B= 7ule], C& 4 vlg], D& 0ul2] )& Qo zy-
gotes?] 20.8 %7} embryoZ S-E¥ it}

PCR #& 0|88l transgenic mouse embryo2]
I : 9dojZ embryo Eo] transgenic Q1A Fels}l7|
$3tel HCRE <1A)sl= primer#-(oligo A%} oligo B)
¥ AP olF olfsted PCRE AXls}.
pHCR(0.3pg)#} human genomic DNA(Fig 2, lane C
¢} H)e positive control2 Zel3 wh$-2~ genomic
DNA(lane M) negative control2 A8} template S
oln 4, 5,8, 10, 12, 13 embryonic template 5 (Fig
2A, lane 4, 5, 8, 10, 12, 13)ol]4] positive controlel] 4]
o} 78 =71(613bp)2] band 7} LyE}ytrt. o] bandE
o] transgene-specificgt AR E FQlsl7] sl
Digoxigenin(Dig)-11-dUTPZ ¥X]% HCR-& probe
2 Agslod g vk ol 49} 7o) Southern blot
analysisE 88} ch(Fig 2B). 53} 83 embryonic
sampleol] 2t positive controlol| 49} 7+ F7]9)
band7} hybridization ¥]Q13L negative control& AL
gk ul$-~ background?] lane MojlAl:= el X| ¢k
o & r|Fo] 583} 8 embryo7} transgene-specific,
Z human HCR sequenceS E3Fsl1 9l& transgenic
embryoEE & F AN}

Genomic Southern blot analysis® ©0|2%&t
transgenic mouse embryo2| Etg : PCRol] 2J3l

ae e o

transgenic T -2 H-L- ke emplate & A3l
SHA 7o) E4jo] 7hgslehe A2 9loy 919 4w
9} 7ol non-specificdt false positive band(Fig 2A,
lanes 4, 10, 12, 13)7} o] Yeh}u 2 o] & B3}y
$1%8}e] genomic Southern blot analysisE 4=88s}iv}.
Placenta2 HE] $Z3E embryo] genomic DNA
10pg S AZFa 4 EcoRlC g A5 Auksla o] & 0.
6% agarose gelollA 17|43t & capillary transfer ¥
H]*]] 23] nylon membrane2 @ Ho)A)7| 3 [a-7P]
dCTPE A5 probeE o|-&3lo] a8 o vl A9}
%to] hybridization s}gJc}(Fig 3). oJ7]oll41&= 3.3 kb
LacZ fragmentE probe& AH&slglow lane ML
negative control?] normal mouse genomic DNAeo] 3L
lane C+ positive control24] pHJ-1€ EcoRlo.Z &
=gk o2 3.3kb LacZ fragment7} hybridizationo]

1+ BodF¢lc}. Transgenic embryo sample DNAQ)

1901l 0.5(Poly A) + akb, 1.1kb(HCR), 3.3kb(LacZ)
2] transgenic EcoRI bandE(Fig 1A #2) & LacZE
X3Fsh= 3.3kb band7} radiolabelingo] | 5¥3}
8H embryo7} transgenicd-g & = AU}, of A=

%
%
=)

A NHCM23456789101 12131415 N

=613 bp

B NHCM234567 891011 12131415N

-613bp

Fig 2. A: PCR amplification of DNA fragment using
placenta genomic DNA as templates. N, l1kb
ladder marker; H, human genomic DNA; C,
HCR 1.1 kb; M, mouse genomic DNA; lane
2-15, placenta genomic DNA isolated from
embryos. B: Southern blot analysis of PCR-am-
plified DNA fragment shown above (A) using
1.1 kb of Dig-labeled HCR DNA fragment as
a probe.



8

=3.3kb

Fig 3. Southern blot analysis of genomic DNA from embryos. Genomic DNA was digested with EcoRI restriction
enzyme and hybridized to the 3.3 kb LacZ fragment labeled with [e-*P]dCTP. M, Mouse genomic DNA,
C, EcoRI digested pHJ-1; lane 4-13, placenta genomic DNA.,

919] PCR-Southern Zz}e} Ax|sh v}d7}2| 2 44
1031 128 7851 13¥ embryo 5 o8] band® 1}
L‘—L}»X] ko w g transgenico] obdo] T ch.
X-gal FME &3 transgenic mouse embryo2)
2ha 2kAl 2A . PCR#} genomic Southern blot
analysisE %3}o] transgenicQ] Zeo] #lxl 53} 84
cmbryo%ol g8kl Q3= transgene o] o
2, v Yolrt whelo] HrpbH embryog] o] - 9ol
R B3 E opis] fstod MR 2 ol Aok ol
X-gal - AAEA T glycerol 2 clearing 3+ & A}
A 2ed-g- 8} Fig 4). A9} By 5¥#} 8 transgen-
ic embryoEe]i Ci control@l nontransgenic em-
brvoolw 1, 2, 32 7Z}7} dorsal, lateral, ventral po-
siton®] X917} & Ho| =5 X7} ch2A] AXlegd et
o]t} 58 embryo(Fig 4AR= transgenicYolle B¢
shiL f-galactosidase(LacZ)7} b s R okgir). vl i

Lol ef7t Kol LacZ9] W2 nontransgenic ne-
gative controlg] C embryoollA % #2E)E= 7o vl
9-29] internal LacZoll 213F vk o]} ectopic cx-
pression© & ZhExlv). whHoell 84 transgenic embryo
(Fig. 4B)= 548 9ol 4 1acze] walo] Felo] o)
o] w28 A = =], %4 ncural tube®}t dor-
sal spinal gangliaol| 4] BF&o] ¥ x]s] Aolykal cervical
Lol A BE] posterior-9] 5L axisE- e} uFHo| %]
2 oF = e}, &= hindlimb®] proximodorsal 392}
brain®] telencephalon 533 HE3lslo] ma]Xo]ol| 4]
2 oF7ke) ukdo] :ER]=] o] 7l He] human HCR
DNAol elsled 855 BRIl [acZe] uhdlolx]i:
expressing transgenic embryos 1] o] 3 H38k Foflu}

Fhsstelea ot
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Fig 4. Transgenic embrvos expressing the f-galactosidase (LacZ) after staining with X-gal. 1. Dorsal view; 2, 1a
teral view; 3, Ventral view: A, A5 transgenic embrvo skowing no expression of Lac 7 gene; B, A8 transgen
ic embryo showing LacZ cxpression; €, Negative control embryo which does not contain transgence. The ar

row indicated prevertebrate region.

— 101 ——



n #

Hox §AAES oZ7}A] cis- £ trans-acting =
AAtEel ofaled WA F AZ FHL = =23
A o8 A7 g 53 oA o] HogA FE
2] PRl Fodsl= Aoz AHA Yedl” vhs
2ol transgenic miceE o]83lo] Hox FA2L9]
W 246l el A7 AAIH 22 Fo]x ghord 9l
AE o] &3 A A Brlssict. ey Ay
&<t Hox §37 AA|9) HEA ol F2219) cluster
T29 Wade] HESS Hox 434 Wy =49l
o] HEAX s AAsa gloeng ofrjdie
ul-$-2 Hoxa-79] F7F50] A2} (position specific
control element)?} 7|4 D7) AEAlo] =& hu-
man DNA(HCR) fragment& ©]-83}od tk promoter,
LacZ(f-galactosidase) gene :LEL\_ S$V40 large T an-
tigen®] polyadenylation signals-g $H-§3F transgene
(HI-1}& 7259150 o} & mice embryos] oLA1E4Is}
o] transgene?] W& o] HCRell oJs}e] oA 24 5
EAE WAl B A, A $HA} vhgolld
F050] 2AAAEA A8 A% F + Uk
HCR fragment vh$-£2] 7+ Ho] 2H21z}e} of7)
A D7) 2 AN ok A A A F
g FollAut Eafsle Aoz (vl

%, personal com-

munication) WEek4 TSl ¥ FAstelnw
HCRo| DNAS7] A< 2uk ola} 7574 % wpo

28] Hox 2 A9} A Ao A7zts]o| A}, 1
Hub FFH02 HCRo] A% QlAle] Hox {32}
ZA01A} Q17}ell thEk =2 Aete| transgenic em-

bryo % transgenic human embryo2] A|Z}sleljAnt 7}

5 & Aojr.

Transgenic embryo AZFA] Z& 3}l 4] 4oldo}
4 ¢ AT zygotese HFHOZ oF 10-30%2 <
HA JEul® 714 E 9F 20%2] zygote7} embryoi
HEdozA B AYdHes whb$A strain oL}
transgene 2] X}o] F-o] embryoe] AEFole Z g
& WXA gbw AXMY Bl Jehd FE719) Ko,
71&2] xto] transgene 18]35 FHHA o] 919 B

2 AWl P9 RolE VEhiD gl Aoz
Haslds® AdubA o 2 zygotesol] F9)5]= DNA &
=71 Z7135te] wal §Us]E DNAY copy numberi=
Z7Fske HPH embryor} Adopds Bl ES AR o R
ek Aot B Ao A= line g THE
A ¢k5t. embryo efoll A £41519] 02 2 copy numb-
er®t AEET2 AHHA vlaze ErHs3c). oo
%l embryogo] transgenic AAE st Wbyl
PCR, dot blot Z18] 31 genomic Southern blot analysis
7 Ql-©ll”, PCRell 23 w2 &2 ko] templated
Ap-gskat gk ol analysis7t 7lsslole Aol gleo

vg gol o|&F ¥ Pinkert et al*'S
transgenic mice oJ%-5 PCR¥} genomic Southern

blot aralysisE %8 vl2 EA8 A7 PCR ¥bfoli=
false positive7} UER}T Q18-S Huslglonmz W
Aol 5 S 71517] Azl T v S o
#alo] A} o] 7|of A= A A) transgene(HCR)
& probe&. Southern blot analysisE 4Alsle] B A3}
PCR "}HollAl+= non-specificdt false positive band
(Fig 2A, lane 4, 10, 12, 13)7} %ol Yeh}:= Z(Fig
2B)e] @A =E)Qlt). Template Woll Eol=el CAS} GT
9] ukE-A Fz7} secondary structureE 3 AJ3to 2 4

Table 1. Summary of characterization of transgenic mouse embryo

Embryos A C D

Methods 1 2 3 4 5 6 7 8 9 1 2 3 5 6 7 1 3 4 0
PCR nt - + 4+ -+ + -+ o+ - - Nt nt nt nt nt
Southern blot t - + - + - - nt nt nt nt nt
of PCR product
Southern biot of
genomic DNA nt nt nt - 4+ - - 4+ nt nt - - nt nt nt nt nt nt nt
X-gal staining - - - - - - - 4* - -

A : Postcoitum 12.5(12.5 PC), B : Postcoitum 11.5(11.5 PC)

C : Postcoitum 10.5(10.5 PC), D : No offspring
+ : Transgenic, +* : Expressed, nt : not tested
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non-specific amplificationo] Hr}?= By1i= glon} B
A%l 73%9l negative controlE X833+ WA
genomic DNA©A= non-specific band7} Uel} =] o
oz olule uk-g-gof ollA] annealing A| tem-
plare®] 214 Q) o)X zol] 7118 Ao opdr} Azt
HlojFic}. Fig 240114 51 0] 8¥iXr} 10u)o] 4oL} gt
< %29 DNAZL EAlldle Zloz 33 Hglo1} Fig
2Bofl A 9] specific band2] intensityol]l= ¥ Xlolr] gl
2o 2 u|Fo] o]7e] BL HEL filse-positive DNA
A Aoz Agdct. o] WS §AR sequence’} FE

4 74 9 7llEeE ARk $5502 copy
numbere] oL} 4Q)El FA29] intactnessEe] o
5 sledls olggol uwtrug o2 FHaly
HstdA= Southern blot analysis7} Z Qe =
Southern blot analysisi= dot blot analysis®e}|4] 2913}
ol2]-¢ -2 copy number?] detection, hybridization =}
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