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2 Material and methods

2.1 Vectors

2.1.1 Vectors for induced mitotic recombination

pL330 (Hprt MA3’) and pL341 (Hprt MA3’) are kind gifts from Dr. Pentao Liu
(Liu, Jenkins et al. 2002). These vectors contain Neo” and Puro® selection
markers flanked by three lox site variants: /ox5171, lox2272 and either lox66
(Hprt MA3’) or lox71 (Hprt MA3’) sites. A wild-type loxP site is generated by
site-specific recombination between /ox66 and lox71 sites. Because the wild-
type loxP site will be used for regional trapping, /ox66 and lox71 sites need to
be deleted from these mitotic recombination vectors. Several vectors were

constructed for this purpose.

pWW15 (Pol II-Neo-bpA cassette):

pL341 was cut with Hindlll and Notl, a 2.2 kb fragment was gel purified and
digested again with Spel, a 1.8 kb fragment was gel purified and cloned into
pBluescript (pBS) plasmid (Stratagene) digested with Hindlll and Spel to
make pWW15.

pWW22 (PGK-Puro-bpA cassette):

1) pL330 was digested with EcoRI and Hindlll sequentially, a 0.5 kb fragment
was gel purified; 2) pL330 was digested with EcoRI and Hindlll sequentially, a
1.2 kb fragment was gel purified and digested again with Spel, 1.0 kb
fragment was gel purified; 3) pBS was digested with EcoRI and Spel, a 2.9 kb
fragment was gel purified. The three fragments mentioned above were ligated
together in a three-way-ligation to make pWW22.

pWW?23 (PGK-5" Hprt cassette):

1) pL341 was digested with Hindlll and Bglll sequentially, a 0.7 kb fragment
was gel purified; 2) pL341 was digested with Hindlll and Bglll sequentially, a
1.0 kb fragment was gel purified and digested again with Spel, a 0.8 kb
fragment was gel purified; 3) pBS was digested with Hindlll and Spel, a 2.9 kb
fragment was gel purified. The three fragments mentioned above were ligated
together in a three-way-ligation to make pWW23.



70

pWW24:

A variant polylinker site Hindlll-Spel-Xbal-Ndel-Pstl-EcoRI-Notl (pWW24) was
generated by cutting pBS with Hindlll and Notl and ligating to a pair of
complementary oligonucleotids, Oligo-(Hindlll-Notl)-For and Oligo-(HindllI-
Notl)-Rev (Table 2-1).

pWWa37 (multi lox sites):

A polylinker site with lox5171, lox2272 and a FRT site (pWW37) was
generated by cutting pWW24 with Hindlll and Xbal and ligating to a pair of
complementary oligonucleotids, loxP-(Hindlll-Xbal)-For and loxP-(HindllI-
Xbal)-Rev (Table 2-1).

pWW43:

1) pL341 was linearized by Notl first and then partially digested with Hindlll, a
4.5 kb fragment was gel purified; 2) pWW15 was digested with Hindlll and
Spel, a 2 kb fragment was gel purified; 3) pWW37 was digested with Spel and
Notl, a 0.2 kb fragment was gel purified. The three fragments mentioned

above were ligated together in a three-way ligation to make pWW43.

pWWA48 (multi lox sites-3’ Hprt cassette):

1) pWW37 was digested with Sall and EcoRl, a 0.2 kb fragment was gel
purified; 2) pWW22 was digested with EcoRI and Hindlll, a 0.5 kb fragment
was gel purified; 3) pWW22 was digested with Hindlll and Spel, a 1 kb
fragment was gel purified; 4) pWWa37 was digested with Spel and Ndel, a 0.2
kb fragment was gel purified; 5) pL330 was digested with Sall and Ndel, a 4.9
kb fragment was gel purified. The five fragments mentioned above were
ligated together in a five-way ligation to make pWW48.
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pWWA49 (5’ Hprt-multi lox sites cassette):

1) pWW43 was partially digested with Ndel and then digested with Sall, a 5 kb
fragment was gel purified; 2) pWW23 was partially digested with Spel and
then digested with Sall, a 1.5 kb fragment was gel purified. 3) pWW37 was
digested with Spel and Ndel, a 0.2 kb fragment was gel purified. The three
fragments mentioned above were ligated together in a three-way-ligation to
make pWW49.

pL325 is a gift from Dr. Pento Liu. To make this plasmid, a D17Mit71 genomic
fragment from pBZ84 (Zheng, Sage et al. 2000) was cloned into a vector
containing the MC1-tk negative selection marker. A polylinker containing Xhol
and Notl digestion sites was used to replace a 0.8 kb Ncol fragment. A
selection cassette can be cloned into this polylinker to make a D11Mit71
targeting vector.

pWW?74 (multi lox sites-3’ Hprt cassette, D11mit71 targeting vector):

1) pL325 was digested with Clal and Nofl, a 6 kb fragment was gel purified; 2)
pL325 was digested with Clal and Xhol, a 4 kb fragment was gel purified; 3)
pWW48 was digested with Sall and Notl, a 3.9 kb fragment was gel purified.
The three fragments mentioned above were ligated together in a three-way-
ligation to make pWW74.

pWW?75 (5" Hprt-multi lox sites cassette, D11mit71 targeting vector):

1) pL325 was digested with Clal and Notl, a 6 kb fragment was gel purified; 2)
pL325 was digested with Clal and Xhol, a 4 kb fragment was gel purified; 3)
pWW49 was digested with Sall and Notl, a 3.8 kb fragment was gel purified.
The three fragments mentioned above were ligated together in a three-way-

ligation to make pWW?75.

2.1.2 Vectors for E;DH end point targeting

pWWG63 (PGK promotor):

pWW48 was digested with EcoRI and Bglll, a 0.5 kb fragment was gel purified
and cloned into pBS digested with EcoR| and BamHI to make pWW&3.
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pWW144 (PGK-loxP):

1) pWW63 was digested with Hindlll and Xbal, a 0.5kb fragment was gel
purified; 2) a pair of complementary oligonucleotids, loxP-(Xbal-Sall)-For and
loxP-(Xbal-Sall)-Rev, were annealed together (Table 2-1); 3) pBS was
digested with Hindlll and Sall, a 2.9 kb fragment was gel purified. The three
fragments mentioned above were ligated together in a three-way-ligation to
make pWW144.

pL313 is a kind gift from Dr. Pentao Liu. It contains a PGK-EM7-Bsd-bpA
cassette. This cassette can be selected both in Escherichia coli (75 ug/ml)

and in eukaryotic cells (10 ug/ml) using Blasticidin S HCI.

pWW146 (PGK-loxP-EM7-Bsd-bpA):

1) pWW144 was digested with Hindlll and Sall, a 600 bp fragment was gel
purified; 2) pL313 was partially digested with Xhol, and then digested with

Hindlll, a 3.7 kb fragment was gel purified. The two fragments were ligated
together to make pWW146.

pL10 and pL11 are two vectors that contain 5’ and 3’ genomic insert of Eo;DH

locus, respectively (Liu, Zhang et al. 1998).

pWW183 (E>DH targeting vector with PGK-loxP-EM7-Bsd-bpA cassette,
without MC1-tk):

1) pL10 was digested with Sacll and Xhol, a 4.4 kb fragment was gel purified;
2) pL11 was digested with Sacll and Notl, a 6.8 kb fragment was gel purified;
3) pWW146 was digested with Sall and Notl, a 1.4 kb fragment was gel
purified. The three fragments were ligated together in a three-way-ligation to
make pWW183.

pL253 is a kind gift from Dr. Pentao Liu. It contains a MC1-tk cassette, which

can be used for negative selection in mammalian cells.
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pWW190 (E>DH targeting vector with PGK-loxP-EM7-Bsd-bpA cassette, with
MC1-tk):

1) pWW183 was partially digested with BamHlI, and then digested with Sacll,
a 9.6 kb fragment was gel purified; 2) pL253 was partially digested with Sacll,
and then digested with BamHlI, a 5 kb fragment was gel purified. The two
fragments were ligated together to make pWW190.

2.1.3 Trapping vectors

2.1.3.1 Promoter trapping vectors

pWW38 (SA-Bgeo cassette):

pSApgeo (Friedrich and Soriano 1991) was cut with Xhol, a 4.3 kb fragment
was gel purified and cloned into pBS digested with Xhol and Sall to make
pWW38. The desired orientation of the insert was determined by digestion
with EcoRI.

pWW®62 (Puro-bpA with multi lox sites):
pWWA48 was digested with Bglll and EcoRlI, a 1.2 kb fragment was gel purified
and cloned into pBS digested with BamHI and EcoRI to make pWW62.

pWW202 (promoter-less Puro-bpA):
pWW62 was cut with Hindlll and Xhol, a 1 kb fragment was gel purified and
cloned into pBS digested with Hindlll and Xhol to make pWW202.

pWW205 (promoter-less loxP-Puro-bpA):

1) pWW202 was digested with Hindlll and Xhol, a 1kb fragment was gel
purified; 2) a pair complementary of oligonucleotids, loxP-(EcoRI-Hindlll)-For
and loxP-(EcoRI-Hindlll)-Rev, were annealed together (Table 2-1); 3) pBS
was digested with EcoRI and Xhol, a 2.9 kb fragment was gel purified. The
three fragments mentioned above were ligated together in a three-way-
ligation to make pWW205.

pWW237 (plasmid-based 5’ trapping vector):
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1) pWWa38 was digested with Bglll and EcoRI a 4.4 kb fragment was gel
purified; 2) pWW205 was digested with EcoRI and Xhol, a 1 kb fragment was
gel purified; 3) pBS was digested with BamHI and Xhol, a 2.9 kb fragment
was gel purified. The three fragments mentioned above were ligated together
in a three-way-ligation to make pWW237.

pWW239 (5’ trapping retrovirus):

1) pWWa38 was digested with Bglll and EcoRl, a 4.4 kb fragment was gel
purified; 2) pWW205 was digested with EcoRI and Xhol, a 1 kb fragment was
gel purified; 3) pMSCV-Neo (Clontech) was digested with BamHI and Xhol, a
5.1 kb fragment was gel purified. The three fragments mentioned above were

ligated together in a three-way-ligation to make pWW239.

2.1.3.2 PolyA trapping vectors

CAG promoter and EF1a promoter subcloning vectors are kind gifts from Dr.
Haydn Prosser. pVecH1S (regional trapping vector) is a kind gift from Dr.
Meredith Wentland. pYTC31 (PGK-Bsd-bpA) is a kind gift from Dr. You-Tzung
(Bob) Chen.

pWW12 (promoter-less Bsd-bpA):
pYTC31 was cut with Xhol and Pstl, a 0.6 kb fragment was gel purified and
cloned into pBS digested with Xhol and Pstl to make pWW12.

pWW18 (3’ trapping retrovirus with PGK promoter):

1) pVecH1S was digested with Hindlll, a 1.9 kb fragment was gel purified and
digested again with BamH]I , a 0.6 kb frament was gel purified; 2) pVecH1S
was digested with Xhol, a 4.7 kb fragment was gel-purified and digested again
with Hindlll, a 4.7 kb fragment was gel purified; 3) pWW12 was digested with
BamHI and Xhol, a 0.6 kb fragment was gel purified. The three fragments
mentioned above were ligated together in a three-way-ligation to make
pWW18.

pWW41 (CAG promoter):
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CAG promoter subcloning vector was digested with Hincll and EcoRI, a 1.6 kb
fragment was gel purified and cloned into pBS digested with Hincll and EcoRI
to make pWW41.

pWW42 (EF1a promoter):

EF1a promoter subcloning vector was digested with Hindlll and EcoRI , a 1.3
kb fragment was gel purified and cloned into pBS digested with Hindlll and
EcoRI to make pWW42.

pWW44 (3’ trapping virus with CAG promoter, alternative version):

1) pWW18 was digested with EcoRI and Nhel, a 4 kb fragment was gel
purified; 2) pWW18 was digested with EcoRI and Bglll, a 0.7 kb fragment was
gel purified; 3) pWW18 was digested with Nhel and Sall, a 0.6 kb fragment
was gel purified; 4) pWW41 was digested with BamHI and Sall, a 1.6 kb
fragment was gel purified. The four fragments mentioned above were ligated
together in a four-way ligation to make pWW44.

pWW45 (3’ trapping retrovirus with EF1a promoter, alternative version):

1) pWW18 was digested with EcoRI and Nhel, a 4 kb fragment was gel
purified; 2) pWW18 was digested with EcoRI and Bglll, a 0.7 kb fragment was
gel purified; 3) pWW18 was digested with Nhel and Sall, a 0.6 kb fragment
was gel purified; 4) pWW42 was digested with BamHI and Sall, a 1.3 kb
fragment was gel purified. The four fragments mentioned above were ligated

together in a four-way ligation to make pWW45.

pWWA59 (Polll-Neo-bpA with multi /ox sites):
pWW49 was cut with Hindlll and Notl, a 2 kb fragment was gel purified and
cloned into pBS digested with Hindlll and Notl to make pWW59.

pWW64 (3’ trapping virus with CAG promoter, final version):

1) pWW44 was partially digested with BamH]I, a 7 kb fragment was gel
purified and digested again with Nhel and Nofl, a 5 kb fragment was gel
purified; 2) pWW44 was digested with Xhol and Notl, a 1.5 kb fragment was
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gel purified; 3), pWW12 was digested with BamHI and Xhol, a 0.5 kb fragment
was gel purified. The three fragments mentioned above were ligated together
in a three-way ligation to make pWW64.

pWW65 (3’ trapping virus with EF1a promoter, final version):

1) pWW45 was partially digested with BamH]I, a 6.7 kb fragment was gel
purified and digested again with Nhel and Nofl, a 4.7 kb fragment was gel
purified; 2) pWW45 was digested with Xhol and Notl, a 1.5 kb fragment was
gel purified; 3), pWW12 was digested with BamHI and Xhol, a 0.5 kb fragment
was gel purified. The three fragments mentioned above were ligated together
in a three-way ligation to make pWW65.

pWW201 (promoter-less Neo-bpA):
pWW59 was cut with EcoRI and Xhol, a 1.1 kb fragment was gel purified and
cloned into pBS digested with EcoRI and Xhol to make pWW201.

pWW238 (plasmid-based 3’ trapping vector with CAG promoter):

1) pWW64 was digested with Clal and BamHI, a 2.7 kb fragment was gel
purified; 2) pWW201 was digested with BamHI and Xhol, a 1.1 kb fragment
was gel purified; 3) pBS was digested with Clal and Xhol, a 2.9 kb fragment
was gel purified. The three fragments mentioned above were ligated together
in a three-way ligation to make pWW238.

pWW240 (3’ trapping retrovirus with CAG promoter in pMSCV backbone):

1) pWW64 was digested with Clal and BamHlI, a 2.7 kb fragment was gel
purified; 2) pWW201 was digested with BamHI and Xhol, a 1.1 kb fragment
was gel purified; 3) pMSCV-Neo (Clontech) was digested with Clal and Xhol,
a 4.1 kb fragment was gel purified. The three fragments mentioned above
were ligated together in a three-way ligation to make pWW240.

2.2Cell culture

2.2.1 ES cell culture condition

ES cell culture was performed as described before (Ramirez-Solis, Davis et
al. 1993). Briefly, AB2.2 (129 S7/SVEVE"*Hm2 \wild-type ES cells and their
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derivatives were always maintained on SNL76/7 feeder cell layers mitotically
inactivated treated by y-irradiation. ES cells were grown in M15 medium
(Table 2-2). Cells were cultured at 37 °C with 5% COs.. If not specified, ES cell

medium was changed daily.

When ES cells reached 80-85% confluence, they were ready for passaging.
The media was changed about two hours before passaging. After two hours,
media was aspirated off, and the plate was washed once with PBS. 2 ml of
trypsin was added to each 90-mm plate. The plate was incubated ina TC
incubator at 37 °C for 15 minutes. 8 ml of fresh M15 media was added to each
well. The cells were dispersed by pipetting up and down vigorously. The ES
cell suspension was then evenly distributed to three to four 90-mm feeder
plates. The plates were incubated in a TC incubator at 37 °C.

2.2.2 Chemicals used for selection of ES cells
Blasticidin: Blasticidin S HCI (Invitrogen), 1000X stock (5 mg/ml) was made in
Phosphate Buffered Saline (PBS). After mixing, the 1000X stock solution was

filter sterilized through a 0.2 mm syringe filter.

FIAU: 1-(2’-deoxy-2’-fluoro-f3-D-arabinofuranosyl)-5-iodouracil, 1000X stock
(200 uM) was made in PBS and 5 M NaOH was added dropwise until it is
dissolved. After mixing, the 1000X stock solution was filter sterilized through a
0.2 mm syringe filter.

G418: Geneticin (Invitrogen), was bought as a sterile stock solution containing
50 mg/ml active ingredient.

Puromycin: (C22H29N705.2HCL Sigma) 1000X stock (3 mg/ml) was made in
MiliQ water. After mixing, the 1000X stock solution was filter sterilized through
a 0.2 mm syringe filter.
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HAT: 50X HAT supplement (Hypoxanthine-aminopterin-thymidine)
(Invitrogen) was bought as a sterile stock solution containing 5 mM
Hypoxathine, 20 uM Aminopterin and 0.8 mM Thymidine.

HT: 50X HT supplement (Hypoxanthine-thymidine) (Invitrogen) was bought as

a sterile stock solution containing 5 mM Hypoxathine and 0.8 mM Thymidine.

Trypsin: For 5 L, add 35 g NaCl, 5 g D-glucose, 0.9 g Na;HPO,4.7H0, 1.85 g
KCI, 1.2 g KH2POy4, 2 g EDTA, 12.5 g Trpsin (1:250), 15 g Tris base. Adjust
the pH from 8.71 to 7.6 with HCI, add phenol to get pink colour. Filter-

sterilized and aliquoted into 50 ml falcon tubes, and store at -20 °C.
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2.2.3 Transfection of DNA into ES cells by electroporation

DNA used for ES cell transfection was normally prepared using a Qiagen
Plasmid Purification Kit (Qiagen). If DNA was used for gene targeting, it would
be linearized by digestion with an appropriate enzyme under the conditions
recommended by the manufacturers. If DNA was used for transient
expression, the linearization step would be omitted. Before electroporation,
DNA was purified by ethanol precipitation and air-dried briefly in a tissue
culture (TC) hood. The air-dried DNA was then dissolved in sterile 1X TE
buffer (pH 8.0) to a final concentration of about 1 ug/ul. Unless specified, 20

ug DNA was used for each electroporation.

ES cell electroporation was performed according to standard protocols
(Ramirez-Solis, Davis et al. 1993). Briefly, ES cells (80% confluent) were fed
2-3 hours before harvesting. Immediately before electroporation, ES cells
were trypsinized and resuspend in M15 media. The cells were collected by
centrifuging and washed once in PBS. The cells were resuspended in PBS to
a final concentration of 1X10” cells/ml. 1X10” ES cells were transferred into a
0.4 cm gap curvette (Biorad) together with 20 ug DNA. The electroporation
was carried out using a Biorad “Gene Pulser” at 230 V, 500 uF. After
electroporation, ES cells were plated onto a 90-mm feeder plate and unless
stated otherwise, were cultured for 10 days to allow the formation of single ES
cell colonies. Drug selection was usually initiated 24 hours post-
electroporation.

2.2.4 Picking ES cell colonies

50 ul of trypsin was added to each well of a 96-well round bottom plate by
using a multi-channel pipette. After washing a 90-mm tissue culture plate for
picking with PBS, about 8 ml PBS was added to cover the plate. The colonies
were picked from the 90-mm plate by using a P20 Pipetman set at 10 ul and
transferred into the wells with trypsin. After completing a 96-well plate, the
plate was incubated in a TC incubator at 37 °C for 10 to 15 minutes. After

that, 150 ul of fresh M15 media was added to each well. The colonies were
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broken up by pipetting up and down vigorously. The ES cell suspension was
then transferred to a 96-well feeder plate. The plate was incubated ina TC
incubator at 37 °C.

2.2.5 Passaging ES cells

When ES cells in most wells on a 96-well plate reached 80-85% confluence
(determined both by the change of the medium colour and by checking the
plate under a microscope), the plate was judged ready for passaging. The
media was changed about two hours before passaging. After two hours,
media was aspirated off, and the plate was washed once with PBS. 50 pl of
trypsin was added to each well of a 96-well plate by using a multi-channel
pipette. The plate was incubated in a TC incubator at 37 °C for 15 minutes.
150 ul of fresh M15 media was added to each well. The cells were separated
by pipetting up and down vigorously. The ES cell suspension was then evenly
distributed to three to four 96-well feeder/gelatinized plates. The plates were

incubated in a TC incubator at 37 °C.

2.2.6 Freezing ES cells

When ES cells reached 80-85% confluence, they were ready for freezing. The
media was changed about two hours before passaging. After two hours,
media was aspirated off, and the plate was washed once with PBS. 50 pl of
trypsin was added to each well of a 96-well plate by using a multi-channel
pipette. The plate was incubated in a TC incubator at 37 °C for 15 minutes. 50
ul of 2X Freezing Media (60% DMEM, 20% FCS, 20% DMSO) was added to
each of the wells and the cells were broken up by pipetting up-and-down. 100
ul of filter-sterilized (0.22 um) Mineral Oil was added to each well. The plate
was put into a polystyrene box with lid and frozen at —80 °C.

2.2.7 Thawing ES cells

To thaw frozen ES cell clones, the 96-well plate was taken out of the -80 °C
freezer and placed immediately into the 37 °C incubator. After all of the wells
thawed completely, the clones were transferred to appropriately labelled wells

in 24-well feeder plates pre-equilibrated with 2 ml of M15 media per well. For
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maximum recovery of sample, another 200 pl of M15 was added to rinse each
well and the cell suspension was transferred to the appropriate wells in the
24-well feeder plates. The plates were incubated in a TC incubator at 37 °C.

2.2.8 Cre-mediated recombination to pop out the selection cassettes

20 ug of the Cre expression plasmid pCAAG-Cre (Araki, Araki et al. 1995)
was electroporated into 1X10” ES cells. After electroporation, the cells were
serially diluted in M15 and about 1,000 ES cells were plated onto a 90-mm
feeder plate and cultured for 10 days to allow the formation of single ES cell
colonies. 96 ES cell clones were picked into a 96-well feeder plate. To identify
clones with Cre-mediated recombination events, the 96 well plates were
replicated. Sib-selection was performed to identify ES clones with correct drug
resistance pattern. The right clones were expanded and confirmed by
Southern analysis.

2.2.9 Generation of targeted ES cell lines

WW14 (AB2.2 targeted with pWW?74):

20 ug of pWW74 was linearized with Scal and electroporated into AB2.2 cells
(#239, passage 17). The transfectants were selected with puromycin and
FIAU simultaneously for 8 days. 96 puromycin resistant clones were picked
and expanded on a 96-well feeder plate. Genomic DNA was extracted and
digested with BamHI for Southern analysis using a D11Mit71 3’ probe to
identify gene-targeting events. The expected sizes of the detected restriction
fragments were 14.1 kb for wild-type allele and 10.3 kb for the targeted allele.
The correctly targeted clones were expanded and named WW14.

WW16 (AB2.2 targeted with pWW?75):

20 ug of pWW?75 was linearized with Scal and electroporated into AB2.2 cells
(#239, passage 17). The transfectants were selected with G418 and FIAU
simultaneously for 8 days. 96 G418 resistant clones from each cell line were
picked and expanded on a 96-well feeder plate. Genomic DNA was extracted
and digested with BamHI for Southern analysis using a D11Mit71 3’ probe to
identify gene-targeting events. The expected sizes of the detected restriction
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fragments were 14.1 kb for the wild-type allele and 17.9 kb for the targeted
allele. The correctly targeted clones were expanded and named WW16.

WW24 (WW14 targeted with pWW?75):

20 ug of pWW?75 was linearized with Scal and electroporated into WW14. The
transfectants were selected with G418 and FIAU simultaneously for 8 days.

96 G418 resistant clones were picked and expanded on a 96-well feeder
plate. Genomic DNA was extracted and digested with BamH]I for Southern
analysis using a D11Mit71 3’ probe to detect gene-targeting events. The
double-targeted clones would have a 10.3 kb restriction fragment (3’ Hprt
targeting) and a 17.9 kb restriction fragment (5’ Hprt targeting). The correctly
targeted clones were expanded and named WW24. The function of the 5’ Hprt
and 3’ Hprt cassettes were tested by transient Cre expression and

subsequent HAT selection.

WW25 (WW16 targeted with pWW74):

20 ug of pWW74 was linearized with Scal and electroporated into WW16. The
transfectants were selected with puromycin and FIAU simultaneously for 8
days. 96 puromycin resistant clones were picked and expanded on a 96-well
feeder plate. Genomic DNA was extracted and digested with BamHI| for
Southern analysis using a D11Mit71 3’ probe to detect gene-targeting events.
The double-targeted clones would have a 10.3 kb restriction fragment (3’ Hprt
targeting) and a 17.9 kb restriction fragment (5’ Hprt targeting). The correctly
targeted clones were expanded and named WW25. The function of the 5’ Hprt
and 3’ Hprt cassettes were tested by transient Cre expression and
subsequent HAT selection.
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WW45 (WW24 selection markers pop-out):

20 ug of supercoiled pCAAG-Cre was electroporated into WW24. About 1,000
ES cells were plated onto a 90-mm feeder plate and cultured for 10 days to
allow the formation of single ES cell colonies. 96 clones were picked and
expanded on a 96-well feeder plate. The 96-well plate was replicated and sib-
selection was performed to identify ES clones in which both Neo and Puro
cassettes were popped out, but no recombination had happened between the
two half Hprt cassettes. The correct recombinants should be G418 sensitive,
puromycin sensitive and HAT sensitive. The clones showing this pattern of
sensitivity were expanded and confirmed by Southern analysis using a
D11Mit71 3’ probe. The double-targeted clones would have a 10.3 kb BamHI
restriction fragment (3’ Hprt targeting) and a 15.9 kb BamHI restriction
fragment (5’ Hprt targeting and Neo pop-out). The function of the 5’ Hprt and
3’ Hprt cassettes were tested by transient Cre expression and subsequent

HAT selection.

WW46 (WW25 selection markers pop-out):

20 ug of supercoiled pCAAG-Cre was electroporated into WW25. About 1,000
ES cells were plated onto a 90-mm feeder plate and cultured for 10 days to
allow the formation of single ES cell colonies. 96 clones were picked and
expanded on a 96-well feeder plate. The 96-well plate was replicated and sib-
selection was performed to identify ES clones in which both Neo and Puro
cassettes were popped out, but no recombination had happened between the
two half Hprt cassettes. The correct recombinants should be G418 sensitive,
puromycin sensitive and HAT sensitive. The clones showing this pattern of
sensitivity were expanded and confirmed by Southern analysis using a
D11Mit71 3’ probe. The double-targeted clones would have a 10.3 kb BamHI
restriction fragment (3’ Hprt targeting) and a 15.9 kb BamHI restriction
fragment (5’ Hprt targeting and Neo pop-out). The function of the 5’ Hprt and
3’ Hprt cassettes were tested by transient Cre expression and subsequent

HAT selection.
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WW69 (WW45 targeted with pWW190):

20 ug of pWWW190 was linearized with Scal and electroporated into WW45.
The transfectants were selected with blasticidin and FIAU simultaneously for 8
days. 96 blasticidin resistant clones were picked and expanded on a 96-well
feeder plate. Genomic DNA was extracted and Southern analysis was
performed using several different probes to determine the genotype of the
clones: 1) BamHI digestion, hybridized with a D11Mit71 3’ probe, the correct
clones would have a 10.3 kb restriction fragment (3’ Hprt targeting) and a 15.9
kb restriction fragment (5’ Hprt targeting and Neo pop-out). 2) Xbal digestion,
hybridized with a D11Mit71 5’ probe (pWW116), the correctly targeted clones
would have a 6.4 kb restriction fragment (5’ Hprt targeting and Neo pop-out)
and a 5.0 kb restriction fragment (3’ Hprt targeting and Puro pop out); 3)
EcoRI digestion, hybridized with an E;DH 5’ probe (pL16, (Liu, Zhang et al.
1998)), the targeted restriction fragment is 9.2 kb and the wild-type restriction
fragment is 14.9 kb; 4) Ndel digestion, hybridized with an E>DH 3’ probe
(pL17, (Liu, Zhang et al. 1998)), the targeted restriction fragment is 9.6 kb and
the wild-type restriction fragment is 13.1 kb. Two correctly targeted clones
were identified by Southern analysis, WW69-C8 and WW69-D6.

To use induced mitotic recombination to make the homozygous mutations, the
E,DH end point targeting cassette needs to be on the same chromosome as
the 3’ Hprt cassette. To determine the location of the PGK-loxP-Bsd-bpA
cassette, the WW69-C8 and D6 clones were expanded and supercoiled
pCAAG-Cre was electroporated into both. The recombinants were selected
with HAT for 6 days and HT for another 4 days. 36 HAT resistant clones were
picked from each electroporation and cultured on a 96-well feeder plate.
Genomic DNA was extracted and Southern analysis was performed using the
D11Mit71 5’ and 3’ probe as well as the E;DH 5’ and 3’ probe. The cell line
WWG69-D6 was determined to have both the right genotype and PGK-loxP-
Bsd-bpA cassette location. Single cell subclones were isolated to avoid
possible contamination of other cells. The subclones were confirmed by
Southern and sib-selection. The correct recombinants should be G418
sensitive, puromycin sensitive, HAT sensitive and blasticidin resistant.
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WW93 (WW69-D6 induced mitotic recombination):

20 ug of supercoiled pCAAG-Cre was electroporated into WW69-D6. The
recombinants were selected with HAT for 6 days and HT for another 4 days.
96 clones were picked and expanded on a 96-well feeder plate. The plate was
replicated and sib-selection was performed to determine the drug resistance
of the clones. The correct recombinants should be G418 sensitive, puromycin
sensitive, HAT resistant and blasticidin resistant. The clones with this
combination of drug resistance and sensitivity were expanded and confirmed
by Southern analysis using the EoDH 5’ and 3’ probe: 1) EcoRI digestion,
hybridized with an E2DH 5’ probe. The correct recombinants would only have
the 9.2 kb targeted restriction fragment but not the 14.9 kb wild-type restriction
fragment; 2) Ndel digestion, hybridized with E;DH 3’ probe, The correct
recombinants would only have the 9.6 kb targeted restriction fragment but not
the 13.1 kb wild-type restriction fragment. One of the correct clones, WW93-
A12 was expanded and single cell subcloned to avoid possible contamination
by other cells. This cell line was used as control for the ES cell in vitro
differentiation.

2.2.10 Retroviral approaches

2.2.10.1 Retrovirus production

The Phoenix ecotropic retroviral packaging cell line (Grignani, Kinsella et al.
1998), a derivative of human embryonic kidney 293T line expressing retroviral
gal, pol and env proteins, was obtained from the American Tissue Culture
Collection (Manassas, Virginia, USA). Cells were cultured according to the
protocols on Dr. Garry Nolan’s lab webpage
(http://www.stanford.edu/group/nolan). Briefly, the Phoenix cells were cultured
in M10 medium (Table 2-2) at 37°C with 5% CO,. The medium was changed
every 2-3 days. Cells were split 1:5 when they reached 70-80% confluence.

24 hours prior to transfection, Phoenix cells were plated at a density of 2X 10°
cells per 90-mm plate in M10. 2-3 hours before transfection, cells were fed
with 14 ml fresh M10 medium (at this time the cells were about 60%

confluent).
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CalPhos™ Mammalian Transfection Kit (BD Bioscience) was used for
transient transfection of the Phenoix retroviral packaging cell line. Briefly, DNA
prepared with the Qiagen Plasmid Purification Kit (Qiagen) was precipitated
with ethanol, air-dried and then dissolved in appropriate volume of TE. For
each transfection of cells on each 90-mm plate, 25 ug DNA was mixed with
86.8 ul 2 M Calcium Phosphate Solution. Sterile water was added to make a
final volume of 700 ul. The calcium solution containing DNA was added
dropwise to 700 ul 2X HEPES-buffered Saline (HBS) solution, while being
mixed quickly by bubbling vigorously with a 1 ml sterile pipette and an

autopipettor.

The DNA mixture was incubated at room temperature for 20 minutes,
vortexed gently and then added dropwise to the culture plate medium. 24
hours after transfection, the calcium phosphate-containing medium was
removed, plates were washed twice with PBS and 10 ml of fresh Viral
Production Medium (Table 2-2) was added to each plate. Viral supernatant
was harvested 36, 48, 60 and 72 hours after transfection and stored

immediately in a —80°C freezer.

2.2.10.2 Viral Infection

ES cells were plated at a density of 3X 10° cells per 90-mm feeder plate about
24 hours before infection. The viral supernatant collected from all the time
points was mixed together and filtered through a 0.45 um filter. Heat-
inactivated FBS was added to the viral supernatant to make the final
concentration of FBS up to 15%. Polybrene (Hexadimethrine Bromide, Sigma)
was added to the viral supernatant to a final concentration of 4 ug/ml. 12 ml
viral supernatant was added to each plate of ES cells. The viral supernatant
was replaced every 12 hours with fresh supernatant. After 48 hours of
infection, the viral supernatant was removed and fresh M15 medium was

added. The drug selection was applied 24 hours after infection was stopped.
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2.2.10.3 Titration of the retrovirus

ES cells were plated at a density of 3X 10° cells per 90-mm feeder plate. 24
hours later, 1 ml or 10 ml of viral supernatant was applied to each plate. For
the virus carrying a Neo cassette, G418 selection (180 ug/ml) was initiated 24
hours after viral infection and continued for 8 days. The drug-resistant ES
colonies were stained with 2% methylene blue in 70% ethanol and counted.
The titre of the retrovirus is defined as the number of drug resistant ES cell
colonies per milliliter of viral supernatant used to infect the cells.

2.2.11 Gene trap mutagenesis using the retroviral vector

2.2.11.1 Gene trapping

WW99 (WW69-D6 infected with pWW239-derived retrovirus):

Gene-trap retrovirus was produced by transient transfection of Phoenix viral
packaging cells. A total of 2000 ml of viral supernatant was harvested and
filtered through 0.45 um filters. WWG69-D6 ES cells were plated on a total of
twenty 90-mm feeder plates at a density of 3X 10° cells per plate (WW99-1 to
WW90-20). 24 hours later, each plate of cells was infected with 12 ml of viral
supernatant. Viral supernatant was replaced by fresh supernatant every 12
hours. After 48 hours, the viral supernatant was removed and fresh M15
medium was added to each plate. G418 selection (180 ug/ml) was initiated 24
hours after the viral infection terminated. Drug selection was continued for 10
days until the G418 resistant colonies were clearly visible. One plate (WW99-
20) was stained with 2% methylene blue in 70% ethanol to determine the
number of gene-trap clones obtained. The G418 resistant ES cell colonies
from each of the remaining 19 retrovirus infected plates were separately
trypsinized, resuspended in M15 medium and plated as a pool onto 19 feeder
plates (WW99-1 to WW99-19). These cells were selected with G418 until they
reached about 80% confluence. 1X107 cells were used for the Cre-mediated
inversions. The rest of the cells were frozen down for the stock.
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2.2.11.2 Cre-mediate inversion

WW103-RT (WW299 regional trapping):

20 ug of supercoiled pCAAG-Cre was electroporated into 1X10” cells from the
WW99-1 to WW99-19 pools. Puromycin selection (3 ug/ml) was initiated 24
hours after the electroporation. The drug selection was continued for 6 days
until the colonies were visible under microscope. Selection was then released,
and the colonies were grown in M15 medium for another 4 days. The
puromycin resistant ES cell colonies from each of the 19 plates were
trypsinized, resuspended in M15 medium and maintained as 19 separate
pools on 19 feeder plates (WW103-RT-1 to WW103-RT-19). These cells were
selected with puromycin until they reached about 80% confluence. 1X107 cells
were used for the Cre-induced mitotic recombination. The rest of the cells

were frozen down for the stock.

2.211.3 Cre-induced mitotic recombination

WW103 (WW103-RT induced mitotic recombination):

20 ug of supercoiled pCAAG-Cre was electroporated into 1X107 cells of
WW103-RT-1 to WW103-RT-19 pools. HAT selection was initiated 24 hours
after the electroporation. The drug selection continued for 6 days until the
colonies were visible under microscope and the colonies were grown in M15
medium with HT supplement for another 4 days. 48 HAT resistant ES cell
colonies from each of the 19 plates were picked and expanded on 96-well
feeder plate.

All of the 96-well plates were replicated and sib-selection was performed to
determine the drug resistance of the clones. Cells on a 96-well feeder plate
were split 1:5 onto 5X gelatinized 96-well tissue culture plates. These five
plates were selected with M15, M15+G418, M15+puromycin, M15+HAT, and
M15+blasticidin, respectively. Once most drug resistant clones on the plates
grew to about 100% confluence, these plates were stained with 2% methylene
blue in 70% ethanol, and drug resistance of each clone was scored. The
correct recombinants should be G418 resistant, puromycin resistant, HAT

resistant and blasticidin sensitive.
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Genomic DNA was extracted and Southern analysis was performed using the
E>DH 3’ probe and a lacZ probe (a 800 kb BamHI-Clal fragment from
pWW239): 1) Ndel digestion, hybridized with the E>.DH 3’ probe, the correct
recombinants would only have the 9.6 kb targeted restriction fragment but no
13.1 kb wild-type restriction fragment; 2) EcoRlI digestion, hybridized with the
lacZ probe; 3) Spel digestion, hybridized with the /acZ probe. All clones that
are homozygous for the E;DH locus presumably also carry homozygous
mutations at the trapped locus. Individual trapping events were identified by
their unique proviral/host junction generated by two different restriction
enzyme digestions (EcoRI and Spel)

All the homozygous clones from the 19 plates were grouped according to the
sizes of their proviral junction fragments. For the groups that have more than
one clone, at least 2 independent clones were expanded. For the groups that
only have one clone, the clone was expanded. Genomic DNA and RNA were
extracted from all the expanded clones. Southern analysis was carried out
using different probes and enzyme digestions to confirm the clones and
determine their genotypes: 1) EcoRI digestion, hybridized with the E,DH 5’
probe, the correct recombinants would only have the 9.2 kb targeted
restriction fragment but not the 14.9 kb wild-type restriction fragment; 2) Ndel
digestion, hybridized with the E-DH 3’ probe, the correct recombinants would
only have the 9.6 kb targeted restriction fragment but not the 13.1 kb wild-type
restriction fragment; 3) EcoRlI digestion, hybridized with the /acZ probe; 4)
Spel digestion, hybridized with the /lacZ probe; 5) Kpnl digestion, hybridized
with the lacZ probe. The Kpnl digestion and hybridization using the lacZ probe

was used to determine whether the clones carry homozygous inversions.

2.2.12 Gene trap mutagenesis using plasmid based vector

WW100 (WW69-D6 cells electroporated with pWW237):

20 ug Scal linearized pWW237 DNA was electroporated into 1X10” WW69-
D6 ES cells. Ten electroporations were carried out and the cells were plated
on ten 90-mm feeder plates. G418 selection (180 ug/ml) was initiated 24
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hours after electroporation. The drug selection continued for 10 days when
the G418 resistant colonies were clearly visible. The G418 resistant ES cell
colonies from each of the 10 plates were trypsinized, resuspended in M15
medium and maintained as separate pools on 10X 90-mm feeder plates
(WW100-1 to WW100-10). These cells were selected with G418 until they
reached about 80% confluence. 1X107 cells were used for the Cre-mediated
inversions. The rest of the cells were frozen down for the stock.

WW104 (WW100 regional trapping):

20 ug of supercoiled pCAAG-Cre was electroporated into 1X107 cells of
WW100-1 to WW100-10 pools. Puromycin selection (3 ug/ml) was initiated 24
hours after the electroporation. The drug selection continued for 6 days until
the colonies were visible under microscope and the colonies were transferred
into M15 medium for another 4 days. The puromycin resistant ES cell colonies
from each of the 10 plates were trypsinized, resuspended in M15 medium and
maintained as 10 separate pools on 10X 90-mm feeder plates (WW104-1 to
WW104-10). These cells were selected with puromycin until they reached
about 80% confluence. 1X107 cells were used for the Cre-induced mitotic
recombination. The rest of the cells were frozen down for the stock.

WW106 (WW104 induced mitotic recombination):

20 ug of supercoiled pCAAG-Cre was electroporated into 1X107 cells of the
pools WW104-1 to WW104-10. HAT selection was initiated 24 hours after the
electroporation. The drug selection continued for 6 days until the colonies
were visible under microscope and the colonies were transferred into M15
medium with HT supplement for another 4 days. 48 HAT resistant ES cell
colonies from each of the 19 plates were picked and expanded on 96-well

feeder plate.

Sib-selection and Southern analysis were carried out in essentially the same

way as the gene-trap mutagenesis using the retrovirus.
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2.2.13 ES cell in vitro differentiation

Embryoid bodies were established and cultured as described before (Wobus,
Guan et al. 2002). In brief, ES cells were grown on 90-mm or 6-well feeder
plates until they reached 70-80% confluence. The cells were fed 2-3 hours
before trypsinization. The plates were washed in PBS and trypsinized for 15
minutes. The cells were resuspended in M15 and counted using a Coulter
Counter (Beckman). The cells were diluted in Differentiation Medium (Table 2-
2) to a final concentration of 600 cells per 20 ul. 20 ul drops of ES cell
suspension was placed on the bottom of 100-mm bacteriological Petri dishes.
The bacteriological dishes were inverted (upside down) and the hanging
drops of ES cell aggregates cultured at 37°C with 5% COa.

After two days (Day 2), 15 ml Differentiation Medium was put into each
bacteriological dishes, and the aggregates were rinsed off the bottom into the
media. The aggregates were cultured in suspension at 37°C with 5% CO,.
After another three days (day 5), the EBs from each dish were transferred into
a 15-ml falcon tube. The EBs sedimented by gravity and the medium was
discarded and replaced with Differentiation Medium supplemented with 10° M
RA. The EBs were resuspended by inverting for several times and transferred
to gelatinized 90-mm tissue culture plates. One plate of EBs were washed in
PBS and used to extract RNA at day 5. The culture medium was changed
every other day during the differentiation process. RNA samples were taken

at various time points.

2.3 DNA methods

2.3.1 Probes

LacZ probe: A probe for gene-trap viruses containing the SAfgeo gene-trap
cassette, consisting of a 1.4 kb Clal fragment from pSApgeo, a plasmid

containing the SApBgeo cassette in pBS (from Dr. Philippe Soriano).

Neo probe: A probe for gene-trap viruses containing the SAgeo gene-trap
cassette and consisting of a 700 bp Pstl /Xbal fragment from the PGK-Neo
cassette.
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E,DH 5’ probe: A 2.1 kb Nhel-Notl genomic fragment was cloned into Xbal-
Notl digested pBS vector to make pL16 (Liu, Zhang et al. 1998). pL16 was cut
with Bglll and Notl, and an 1.7 kb fragment was gel purified to be used as
E>,DH 5’ probe.

E>DH 3’ probe: An 1.7 kb Spel-Sacl genomic fragment was cloned into Xbal-
Sacl digested pBS vector to make pL17 (Liu, Zhang et al. 1998). pL17 was
cut with EcoRI and Sacl, and an 1.7 kb fragment was gel purified to be used
as E,DH 3’ probe.

D11Mit71 3’ probe: pBZ84 was isolated from a 3’ Hprt lirary using a pair of
D11Mit71 specific primers (Zheng, Sage et al. 2000). pBZ84 was cut with Ascl
and Xhol, and a 3.6 kb fragment was gel purified to be used as D11Mit71 3’

probe.

Genomic probes:

Genomic DNA probes were PCR amplified from AB2.2 mouse genomic DNA
and used for Southern-blot analysis. PCR products were routinely cloned into
TOPO TA Cloning Vector (Invitrogen). The probes were made by digestion of
the plasmid DNA using appropriate enzymes and gel purified. The
concentration of the probe DNA was determined by spectrophotometer

(Beckman) and/or gel electrophoresis.

D11Mit71 5’ probe:

D11Mit71-5 probe-F

5-CCC TAACCA GGATAGATACTGCTTGCTTTG TG-3
D11Mit71-5 probe-R

5-GCT TGG GGG TCA CTA CAA CTT GAA GAA CTG-3'

Pecam trapping probe:

Pecam-trapping-F

5-CTG GCA CCT TTC TCC AGT GAA CCG TCC-3’
Pecam-trapping-R
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5'-CCT CTG GCA TCA AGG AGG TCT TGG TCT G-3&

Acly 5’ trapping probe:

Acly-5’ Probe-F
GCTGCGTCAAGGAGTGGAGACCTATGG
Acly-5’ Probe-R
GGCTGGGTACTGAACAGTGTCCTCAGG

Acly 3’ trapping probe:

Acly-3’ Probe-F
GGCCTGACCTGGGGCTGATGGG
Acly-3’ Probe-R
GGTACCTGTTAGACTGGGCGCTCCAG

2.3.2 Southern blotting and hybridization

2.3.21 Southern blotting

2-5 ug genomic DNA was digested with an appropriate restriction enzyme
overnight. The digested fragments were separated by electrophoresis on
0.8% agarose gel. After electrophoresis, the gel was first soaked in
Depurination Buffer (0.25 M HCI) for 10 minutes with gentle agitation, and
then transferred into Denaturation Buffer (0.5 M NaOH, 1.5 M NaCl) for 1 hour
with gentle agitation. A capillary blot was set up according to standard
methods. Denaturation Buffer was used as the transfer buffer. Following
overnight transfer, the blot was neutralized in Membrane Rinse Buffer (0.2 M
Tris-Cl (pH7.4), 2X SSC) for 5 minutes, and baked at 80 °C for 1 hour.

2.3.2.2 Probe preparation

Probe DNA was labelled using Rediprime™ Il Random Prime Labeling
System (Amersham) according to the manufacturer’s instructions. Briefly, 20
ng DNA was diluted in a final volume of 45 ul 1X TE buffer. The DNA sample
was denatured by heating to 100 °C for 5 minutes and then placed on ice for
another 5 minutes. The denatured DNA was added to a reaction tube. 5 ul

Redivue [*?P] dCTP was added and the labelling solution was mixed
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thoroughly by pippetting up and down. The tube was incubated at 37 °C for
10-30 minutes and the purified with a pre-filled G-50 column. The purified
probe was denatured at 100 °C for 5 minutes, and chilled on ice for another 5

minutes before use.

2.3.2.3 Hybridization

Blots were pre-hybridized at 65 °C for at least one hour in Hybridization Buffer
(1.5X SSCP, 1X Denhardts solution, 0.5% SDS, 10% Dextran Sulfate)
supplemented with denatured herring sperm DNA. After pre-hybridization, the
denatured probe was added and the blot was hybridized at 65°C overnight.
The next day, the blot was first rinsed briefly in low stringency wash buffer (1X
SSC, 0.1% SDS) at room temperature and then washed in high stringency
wash buffer (0.5X SSC and 0.1% SDS) at 65 °C for 15 minutes. The blot was
then exposed to X-ray film (Fuiji).

2.3.3 Splinkerette PCR

2.3.3.1 Splinkerette adaptors preparation

Splinkerette PCR was carried out as described previously (Mikkers, Allen et
al. 2002). 150 pmol of HMSpAa, 150 pmol of HMSpBb and 5 ul NEB Buffer 2
(New England Biolabs) were used to make a 100 ul oligonucleotide mixture.
The mixture was denatured by heating to 95 °C for 3 minutes, and then

annealed by slowly cooling to room temperature.

Splinkerette Oligos:

HMSpAa: 5-CGA AGA GTA ACC GTT GCT AGG AGA GAC CGT GGC TGA
ATG AGA CTG GTG TCG ACACTAGTG G-3

HMSpBb-Sau3Al

5'-gatc CCA CTA GTG TCG ACA CCA GTC TCT AAT TTT TTT TTT CAA
AAA AA-3

HMSpBb —Xbal

5'-ctag CCA CTA GTG TCG ACA CCA GTC TCT AAT TTT TTT TTT CAA
AAA AA-3

HMSpBb -EcoRl



98

5-aatt CCA CTA GTG TCGACACCAGTCTCTAATTTITTTT TTT CAA
AAA AA-3’

2.3.3.2 Genomic DNA digestion and ligation with Splinkerette
adaptors
2 ug of genomic DNA was digested with Sau3Al in a 30 ul volume at 37 °C for
3 hours. The Sau3Al enzyme was heat-inactivated by incubating at 65 °C for
20 minutes. For a 20 ul ligation mixture, 3 ul of the annealed Splinkerette
adaptors, 5 ul digested genomic DNA, 2 ul 10X Ligation Buffer and 5 units T4
DNA Ligase (New England Biolabs) were added. The ligation mixture was
incubated at 16 °C overnight. The T4 DNA ligase was heat-inactivated by
incubating at 65 °C for 15 minutes. The ligation product was then digested
with Clal. For a 20 ul Cla | digestion mixture, 10 units Clal, 4 ul 10X NEB
Buffer 4 (New England Biolabs) were added. The digestion mixture was
incubated at 37 °C for 2 hours. The Clal enzyme was heat-inactivated by

incubating at 65 °C for 20 minutes.

The digestion product was purified and desalted using Sephacryl™S-300
(Amersham). Briefly, Sephacryl™S-300 Media was mixed at a 1:1 ratio with
MilliQ water. 200 ul of this mixture was added to each well of a 0.2 um PVDF
filtration plate (Corning) and spun for 2 minutes at 600 g. This step was
repeated once. 200 ul of ddH,O was added to each well of the filtration plate
and spun for 2 minutes at 600 g. This step was repeated once. The digestion
products were then loaded onto the Sephacryl™S-300-filled filtration plate.

The purified products were collected by spinning for 2 minutes at 600 g.

To obtain provial/host flanking genomic fragments from as many clones as
possible, genomic DNA was also digested with restriction enzyme EcoRl,
Xbal, Spel, Nhel. The Splinkerette adapters were generated by annealing the
HMSpAa with different HMSpBb oligos designed for different restriction
enzymes. Because Xbal, Spel, Nhel digestion will generate the same 5’
overhang (3'-GATC-5’), these three enzymes were used to cut the genomic
DNA at the same time.
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2.3.3.3 Firstround PCR

The &’ LTR proviral flanking genomic fragments were amplified with the LTR
specific primer, AB949new, and the Splinkerette primer, HMSp1. A 50 ul PCR
system contains 20 ul purified ligation proucts, 1 ul AB949new (10 uM), 1 ul
HMSp1 (10 uM), 5 ul 10x PCR buffer, 1.5 ul MgCl, (50 mM), 1 ul dNTPs (25
mM), 0.5 ul PlatinumTagq (5 units/ul, Invitrogen), ddH>O 20 ul. The hot-start
PCR conditions were 94 °C 1.5 minutes; 2 cycles of 94 °C 1 minute, 68 °C 30
seconds, 72 °C 1 minutes; 30 cycles of 94 °C 30 seconds, 65 °C 30 seconds,
72 °C 2 minutes; 72 °C 10 minutes.

2.3.3.4 Second round PCR

The first round of PCR product was 1:100 diluted in ddH2O and 5 ul of the
diluted product was used as the template for the second round of nested
PCR. A 50 ul PCR system contains 5 ul of the diluted 1 round PCR product,
1 ul HMO001 (10 uM), 1 ul HMSp2 (10 uM), 5 ul 10x PCR buffer, 1.5 ul MgCl;
(50 mM), 1 ul dNTPs (25 mM), 0.5 ul PlatinumTagq (5 units/ul, Invitrogen),
ddH>0 35 ul. Hot-start PCR conditions were: 94 °C 1.5 minutes; 30 cycles of
94 °C 30 seconds, 60 °C 30 seconds, 72 °C 1.5 minutes; 72 °C 10 minutes.
The nested PCR products were separated on a 1% agarose gel. The specific
PCR fragments were gel purified using QlAquick Gel Extraction Kit (Qiagen)

according to the manufacture’s instructions.

2.3.3.5 Sequencing the splinkerette PCR products

Sequencing reactions were performed using ABI PRISM™ Big DyeTerminator
Cycle Sequencing Ready Reaction Kits (PE Applied Biosystems) according to
the manufacturer’s instructions. A 10 ul sequencing mix contains 5 ul gel
purified PCR product, 1 ul of HM002 or HMSp3 primer (5 uM) and 4 ul Big
Bye. The sequencing conditions were 94 °C for 1.5 minutes; 40 cycles of 94
°C 30 seconds, 55 °C 30 seconds, 60 °C 4 minutes.

After the sequencing reaction, 10 pl of MilliQ water was added to each well of
the 96-well plate. 50 pl of Precipitation Mix (100 ml 96% ethanol, 2 ml
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Na,OAC (3 M, pH 5.2), 4 ml EDTA (0.1 mM, pH 8.0)) was then added to each
well. The precipitated sequencing products were collected by centrifugation at
4000 rpm at 4 °C for 25 minutes. The supernatant was discarded and the
precipitates were washed with 100 pl of chilled 70% ethanol followed by
centrifuging at 4000 rpm at 4 °C for 10 minutes. The ethanol was discarded
and the samples were dried at 65°C for 2 minutes. The sequencing reactions
were run on an ABI PRISM™ 3730 DNA sequencer (Perkin Elmer).

Splinkerette PCR primers:

AB949new: 5-GCT AGC TTG CCA AAC CTA CAG GTG G-3
HMO001: 5- GCC AAA CCT ACA GGT GGG GTC TTT-3
HMSp1: 5-CGA AGA GTA ACC GTT GCT AGG AGA GAC C-3’
HMSp2: 5-GTG GCT GAA TGA GAC TGG TGT CGA C-3’

Splinkerette sequencing primers:
HMO002: 5-ACA GGT GGG GTC TTT CA-3
HMSp3: 5-GGT GTC GAC ACT AGT GG-3

2.4 RNA methods

241 5 RACE

2411 Total RNA extraction

Total RNA was extracted from ES cells grown on gelatinized 6-well tissue
culture plate using RNAqueous™ Kits (Ambion) according to the
manufacturer’s protocol. 5 ug of total RNA was treated with 1 ul amplification
grade DNase | (1 unit/ul, Invitrogen) in a 10 ul volume for 15 minutes at room
temperature to eliminate the residual genomic DNA. After the DNase |
treatment, 1 ul of EDTA (25 mM) was added to each reaction, and the
reaction mixture was incubated at 65 °C for 15 minutes to heat-inactivate the
DNase I.

2.41.2 First strand cDNA synthesis
3 uwl lacZ-GSP1primer (10 uM, dissolved in DEPC-treated water) and 9 ul

DEPC-treated water was added to the reaction to make up the volume to 25
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ul. The RNA template was denatured by incubation at 65°C for 10 minutes
and then placed on ice for 1 minute. 1 ul dNTPs (10 mM, Invitrogen), 10 ul 5X
first-strand buffer, 5 ul DTT (0.1 M), 1 ul Superscript™ II (5 units/ul), 8 ul
DEPC-treated water were added to denatured RNA template. The mixture
was incubated at 50 °C for 1 hour. The retro-transcriptase was heat-
inactivated by incubation at 70 °C for 15 min. After that, 1 ul of Ribonuclease
H (2 U/ul, Invitrogen) was added. The mixture was incubated at 37 °C for 30
minutes to destroy the RNA template. The synthesized first strand cDNA was
purified using QIAquick PCR purification kit (Qiagen). If first strand cDNA was
synthesized on 96-well PCR plates, the samples were purified using

Sephacryl™S-300 (Amersham) as described before.
lacZ-GSP1: 5-GGG CCT CTT CGC TAT TAC GC-3’

2413 TdT tailing

8 ul 5X TdT buffer, 2 ul dCTP (4 mM) and 1 ul TdT enzyme (Invitrogen) were
added to 30 ul purified first strand cDNA. The samples were incubated for 10
minutes at 37 °C. After the reaction, the TdT enzyme was heat-inactivated by

incubating the samples for 10 min at 65 °C.

2414 Firstround PCR

The 5" RCAE products were amplified with the lacZ specific primer, lacZ-
GSP2, and the 5 RACE Abridged Anchor Primer (AAP, Invitrogen). A 50 ul
PCR system contains 10 ul purified dC-tailed cDNA, 1 ul lacZ-GSP2 (10 uM),
1 ul AAP (10 uM), 5 ul 10x PCR buffer, 1.5 ul MgCl, (50 mM), 1 ul dNTPs (25
mM), 0.5 ul PlatinumTagq (5 units/ul, Invitrogen) and 30 ul ddH2O. The hot-
start PCR conditions were 94 °C 1.5 minutes; 35 cycles of 94 °C 30 seconds,
55 °C 30 seconds, 72 °C 2 minutes; 72 °C 10 minutes.

2415 Second round PCR

First-round PCR products were 1:100 diluted using ddH»0. 5 ul of the diluted
PCR product was used as the template for the second round of nested PCR.
A 50 ul PCR system contains 5 ul diluted 1% round PCR product, 1 ul lacZ-
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GSP3 (10 uM), 1 ul Abridged Universal Amplification Primer (AUAP,
Invitrogen), 5 uwl 10X PCR buffer, 1.5 ul MgCl, (50 mM), 1 uwl dNTP (25 mM),
0.5 ul Platinum Taq (5 units/ul, Invitrogen), 35 ul ddH20. The hot-start PCR
conditions were 94 °C 1.5 minutes; 35 cycles of 94 °C 30 seconds, 55 °C 30
seconds, 72 °C 2 minutes; 72 °C 10 minutes. 10 ul of the nested PCR

products were loaded on a 1.0 % agarose gel.

24.1.6 Sequencing the 5 RACE product

If the nested-PCR was performed on a small scale, the nested-PCR product
was purified using QIAquick PCR Purification Kit (Qiagen) following the
manufacturer’s instructions. If the nested-PCR was performed in a 96-well
plate format, 10 ul of the nested-PCR product was treated with 1U each of
Exonuclease | (Exo |, NEB) and Shrimp Alkaline Phosphatase (SAP,
Amersham) for one hour at 37 °C to get rid of the unused primers and dNTPs.
After the reaction, the mixture was incubated at 95 °C for 15 minutes to heat-

inactivate the enzymes, and 5 ul was used for sequencing.

Sequencing reaction was performed using ABI PRISM™ Big DyeTerminator
Cycle Sequencing Ready Reaction Kit (PE Applied Biosystems) according to
the manufacturer’s instructions. A 10 ul sequencing mix contains 5 ul purified
PCR product, 1 ul of SA-seq primer (5 uM) and 4 ul Big Bye. The sequencing
conditions were 94 °C for 1.5 minutes; 40 cycles of 94 °C 30 seconds, 55 °C

30 seconds, 60 °C 4 minutes.

After sequencing reaction, 10 ul of MilliQ water was added to each well of the
96-well plate. 50 pl of Precipitation Mix (100 ml 96% ethanol, 2 ml Na,OAC (3
M, pH 5.2), 4 ml EDTA (0.1 mM, pH 8.0)) was then added to each well. The
sequencing products were precipitated by centrifugation at 4000 rpm at 4 °C
for 25 minutes. The supernatant was discarded and the precipitates were
washed with 100 pl of chilled 70% ethanol followed by centrifuging at 4000
rpm at 4 °C for 10 minutes. The ethanol was discarded and the samples were
dried at 65°C for 2 minutes. The sequencing reactions were run on an ABI
PRISM™ 377 DNA sequencer (Perkin Elmer).
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5" RACE PCR primers:
lacZ-GSP2: 5-ATG TGC TGC AAG GCG ATT AAG-3’
SA-GSP3: 5°-GTT GTA AAA CGA CGG GAT CCG CCA T-3

5" RACE sequencing primers:
SA-seq: 5-TGTCAC AGA TCATCAAGC TTATC-3

242 RT-PCR

2.4.21 First strand cDNA synthesis

Total RNA was prepared using an RNeasy® Mini Kit (Qiagen). The total DNA
from each sample was quantified using Spectrophotometer (Beckman). 5 ug
total RNA of each sample was used for each reaction, DEPC-treated water
was added to each sample to bring up the final volume to 24 ul. 1 ul of Oligo-
dT primer (10 uM) was added to each reaction. The RNA template was
denatured by incubation at 65°C for 10 minutes and then placed on ice for 1
minute. 1 ul dNTPs (10 mM, Invitrogen), 10 ul 5X first-strand buffer, 5 ul DTT
(0.1 M), 1 ul Superscript™ Il (5 units/ul, Invitrogen) and 8 ul DEPC-treated
water were added to denatured RNA template. The retro-transcriptase was
heat-inactivated by incubation at 70 °C for 15 min. After that, 1 ul of
Ribonuclease H (2 U/ul, Invitrogen) was added. The mixture was incubated at
37 °C for 30 minutes to destroy the RNA template. The resultant cDNA was

diluted at a ratio of 1:5 with ddH,O and 5 ul was used for each PCR reaction.

2422 RT-PCR

The first strand cDNA was amplified with the gene-specific primers designed.
A 50 ul PCR system contains 5 ul diluted cDNA, 1 ul Forward Primer (10 uM),
1 ul Reverse Primer (10 uM), 5 ul 10x PCR buffer, 1.5 ul MgCl; (50 mM), 0.5
ul dNTPs (25 mM), 0.5 ul PlatinumTaq (5 units/ul, Invitrogen) and 35.5 ul
ddH20. The hot-start PCR conditions were 94 °C 1.5 minutes; 25-35 cycles
(depends on the primers) of 94 °C 30 seconds, 55-65 °C (depends on the

primers) 30 seconds, 72 °C 1 minute; 72 °C 10 minutes.
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Oligo-dT primer: GGC CAC GCG TCG ACT AGT AC (T)17
Other germ layer and cell lineage specific marker: Table 2.4
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