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The Utility of TAR Vectors Used for Selective Gene Isolation by TAR Cloning. Park, Jung-Eun, Yoon-
Joo Lee, Yun Hee Jeong, Jae-Woo Kim!, Seung 11 Kim?, Soohyun Kim?, In-Ho Park, Yangil Sunwoo,
and Sun-Hee Leem*. Department of Biology, Dong-A University, 'Department of Clinical Pathology, Dong-A
University Hospital, Busan 604-714, 2Proteome Analysis Team, Korea Basic Science Institute, Daejon 305-806,
Korea — The Transformation-Associated Recombination (TAR) cloning technique allows selective isolation of
chromosomal regions and genes from complex genomes. The procedure requires knowledge of relatively
small genomic sequences that reside adjacent to the chromosomal region of interest. This technique involves
homologous recombination during yeast spheroplast transformation between genomic DNA and a TAR vector
that has 5' and 3' gene targeting sequences. In this study, we examined the minimum size of specific hooks
required for a single-copy gene isolation and compared the utility of different TAR vectors, radial and unique
vectors, by cloning the same single-copy gene. The efficiency of TAR cloning of the ZHPRT gene was same
using hooks varying from 750 to 63 bp. The number of transformants decreased approximately 20-fold when
the TAR vector contained two unique hooks versus using a radial vector, but the percentage of positive recom-
binants increased over 2-fold when a unique TAR vector was used. Therefore, we suggest that the two-unique
TAR vector is suitable for general TAR cloning given its high selectivity, and the radial TAR vector is more
suitable when genomic DNA is in limited quantity, for example, DNA isolated from pathological specimens.
Moreover, we confirm the minimal length of a unique sequence in a TAR vector is approximately 60 bp for a
single-copy gene isolation.

Key words: TAR (Transformation-Associated Recombination) cloning, TAR vector, A#HPRT gene isolation, yeast
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oj2]gt wiZH o2 RARAE oA HAK ST FAll A
ofifi= AFEA ANFE(in vivo recombination)l] 2]s)] TEAY
9] single-copy FAAE Eolx oz RejslE TAR
cloning el /WE= R, FHZ 52 T3 FAR7} o
Wl 9)al] F2]=9it}, 3, 7-12, 15]. TAR cloning *HelA]
EA Azl Fske hook(EAMD ) AHEE 97
el e}t A F 7RE v e ek A wRe 7 5
A FAA] 5l 3B U 9ol EAishs HolA
¥l 9 & hook2E Al-4-3F= MY (two unique hook/two-
specific hook) 2% human®] Fulst A2} BRCA2E- o]
w0 2 Bajsleich(Fig. 2)[12). BRCA2 5-4xke] AHF-9)



Bhgell $lxshke o4 bpo] @S oFF ddol| hookE
9FE TAR vector?t human genome DNAE E FA| Fol
co-transformationdt 23}, %13 Z o] el 90 kbe] BRCA2
FARE e ez Relsgich. ezl 212t oF 200
o] FAAMZA FollA URe] FEo] BRAC2Y WL E
g3}l 9l Ae® G99 colony PCR i o2 A &
A=), = 9L human 4§04 BRCAIE ] <t
e w e g dojxit} TAR cloning ol &Js] izl
BRCA29} BRCAI F3A Az o] YAC SE2EHE
dojal Azpel A&s] dA st vt o] HpEL U5
Fo] cDNA wjdqt & Q= A= AN 4 gl o[
g EAA-S lash] Asl ke g% B wgnte s
A AE DNAZYE A f3145 Lefske o8 W
o] /= Th7]. o] uPHL ] hookd HA #AA T
ko] ol wjdS AN, vhE %2] hooks genome %
o] IMIEE AkA3E k- vl (humanol| A& 4lu, mouseol|
A= Bt 32 B2 wild 5)& o83l WHelnt. dlu 52
IE 8FE mj S A 29) hookS B AMERROERA -3
9] EBola wid2RE AR SAFF A 2 49
T2 Alu A7A SeFst =719 o398 Rel7t et
oJth(Fig. 2). 3 TAR cloning®] 9] AH5A 223t =
238} hooke] Zolell gk A¢ellA oF 40 copyE Al =t
2~ Rl (v-Haras: TgAC transgene)ys ARS3le] B Hol|A]
#a]2l Zelal oF 40 bp[4, 512t 7] AR < 60 bpel
Aolgte g = F2yo| 7bssAl Hel[17], A AR
o)-$- 72 DNA §97|1Md HErkezx f4A 227t 7}
53 =1%dek. whE hooke] Zel7} 60 bp Bt 212 40 bp
9} 20 bpo] A-fells FE3 Hl=r} 4 o3k WA E) &
522 whex B ARAE AR 79 hook®]
27007} 60 bpARS SF3ACH17). = xR B
3l Al DNAZYE 24 single-copy A £2]& 3t
TAR vectors®] §-8-412] vl 24 9 hooke] A ZHold
gk AT o] FoiX|=| sl

geeg B dolrl= WA hHPRT(human hypoxanthine
phosphoribosyltransferase) 1 2H712] 3t %39S TAR
vector] 2] hook® 2 A}8-8ked, 71 hooke] Zolef w}-E &
AAZNE 9 A2} Lol g 2ol & v|aslolvt. =
&, hHPRT 5AA2) 4714S o8-8k TH5<1A] radial
7} two unique TAR vectorE AR&3led §31z1e] =14 Re)
E AEsigleh o As, 9 s RS 17 2
o] single-copy 7dAe] Rl ME hook®] F|A: Zol= of
60 bp2 FE4o| 7FsEE & 4= 3Isivh. =3 TAR vector
9] w|aell A FAAE wlEE= of 208k o]/ radial vectorZ
AV4-EE 9ol A Vel o), 34 B2 Wl two
unique vectors ARS-EE gl oF 24 FA vtehdet. o)
3 AnZ vlgko . ME ohE vectord] F-84J0l idle] v
2L AR}
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AR ZF % plasmid DNA

B Aol AME-E Zol &5 Saccharomyces cerevisiaes
V0L6-48 TF(Mata his3-A200 trpl-Al ura3-52 ade2-101
metl4)©) [9], DNA ZFZol| 21831 AT dF+
DHI10B(F mcrA  A(mrr-hsdRMS-mcrBC)  @80dlacZDM15
AlacX74 deoR recAl endAl araD139 A ara, leu)7697
galU galKA~ rpsL nupGyE AH4-3191e}. TAR vectorel] At
45 pVC604(Fig. 2A)= HIS3 A&nA S AU, o|=
Bluescript #-22] yeast-E. coli shuttle vectord] pRS313{9]
o 23 gkeigel. hHPRT FAAF] 228 Sl 2 557
9] TAR vector= Fig. 2Bol|A] Hoji= R o] ofe] &
#9] hooke Al2Hs}ed TAR vector®] multi-cloning sitedl]
Abdstdet. o]@A AlztE vectorE AIZFEA EcoR1SE
A2} hooko| & o2 wEFA Ak vector® =
F A3l ARSIl

LIPS bl

22 9 JAEE o83 FAEhA w2 Sambrook et
al.[18] & Sherman et al[19] HFH & Al-4-3tgicl. AT
DH502] %24 w|X|Z LB(Luria-Bertani) broth(0.5%
yeast extract, 1% bactotrypton, 0.5% NaCl, 50 ug/ml
ampicilliny® ARE3le] 37°Col| A wjeksledct. T mo ulokel]
¥ YPD(1% yeast extract, 2% polypeptone, 2% glucose)
AR iR} 7)ol 2% bacto-agarE 718t YPD ZZA|uRA]
£ A}-4-3}¢dv}. Spheroplasts transformationol] AR-8-% =
Sorbitol-His ¥} A= 1L 28g9 Ground His minus
Powder Mixture(0.67% yeast nitrogen base, 2% glucose,
adenine sulfate 3.0 g, L-arginine - HCl 2.5 g, L-aspartic
acid 3.75 g, L-glutamic acid 5.0 g, L-isoleucine 2.5 g,
L-leuycine 5.0 g, L-lysine + HCl 6.0 g, L-methionine 1.0 g,
L-phenylalanine 2.5 g, L-serine 18.75 g, L-threonine 5.0
g, L-tryptophan 2.5 g, L-tyrosine 2.5 g, uracil 3.0 g, L-
valine 7.5 gyt AR Q] A4S 218l | M sorbitors
#7183l 20 g2l bacto agar(Difco; 2% final)S 3 713}
AM2-5150}. Top agar Sor-His ¥i%]: 1 Lol 28 o] Ground
His minus Powder Mixture, 1 M sorbitol, =282 30 g2
bacto agar(Difco; 3% final)E go} AMS-5l}. SD-His vl
A= 1Ll 28 g2 Ground His minus Powder Mixture®}
2% bacto agar® do] A3

TAR vector % hook &

TAR cloning®l] AF&-E+ 712 TAR vector: pVC604
vector(Fig. 2A)ZA] A&k &4 914 2+2] ¢l multi-cloning
site]] hook2-2 A2 DNA TS PCRE F53}ed Al
3193}t TAR vector Y] hook®] ZAZe] A6 AHEH 5
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Z39] vector= X radial vector2A AHPRT2] 3' 374
AL Ad MZ o2 Zo]2 hook(750, 380, 160, 93, 63
bp)el Ad=g=H(Fig. 1). ZF 3-hook?] 3= &3 2o}
. pVC-HPRT750(genomic sequence el A 53.462-54,211
2] %], accession number M26434), pVC-HPRT380(53,462-
53,842: M26434), pVC-HPRT160(53,462-53,622: M26434),
pVC-HPRT93(53,462-53,554: M26434), pVC-HPRT63(53,
462-53,524: M26434). o] vector oA pVC-HPRT380%
radial HPRT vectorZ ©}-&- A= ARE-Fg) 2, 5-hook
L2 Al WHEXNDE ARESIACH4].

=35t hook®] £F| e} Z+Z} universal TAR vector
(pVC604-AlutAlu: Fig. 2B(a)), radial TAR vector(pVC604-
Alu+3'hHPRT: Fig. 2B(b)), unique TAR vector(pVC604-
SHPRT+3'HPRT: Fig. 2B(c))E THEIT}. pVC604-Alutdlu
vector:= human®] SINE(short interspersed nuclear element)
ol Alu BFE-AE[16]S % Tt hook2E ARS8l o}
pVC604-HPRT unique vector: radial vector®] Al 5'-
hook ®41ell Xhol#} EcoRV A&l hHPRTS) AFid 9
71~ 4 DNA o 101 bp(genomic sequence ol A
1,229-1,329 91X, accession number M26434)5 &8}
AFl &gt} TAR cloningoll &= ©] & vectorE A 3EA
EcoRISE A2]sle] A2 vectorZ o] ARG-EHH.

Yeast spheroplast transformation

Spheroplast competent cell2 A[23}7] 18 50 mi2]
YPD AAujA]el]l &R 755 AHET F 30°Cel| A 3154
wjeksle], 0.D.go=1.3~1.40M TFE 33}, 20 mle] |
M sorbitol2 E53}e] 4°Cell 3037t WAIg e A&
3000 rpm, 4°CollA 5%-7F 94 Eejsle] Adst F, 20 ml
2] SPEM-£-(1 M sorbitol, 0.01 M sodium-phosphate pH
7.5, 10 mM disodium-phosphate pH 7.5, 0.5 M EDTA)
o o] Feksie}, Fekolel] 20 ple] zymolyase(10 mg/ml)
(ICN Biomedicals, Inc. 20T)2} 40 ul2] 14 M B-mercap-
toethanolS ¥ & -2 F, 30°Co|A <F 2027 50 rpm
o3l ul-¢- ]A =&}t wljofgtc}. M E2] spheroplasts &
EZ ZARP] 8] d=gelS 1 M sorbitol 2% SDSel 1/
102 Yo] O.D.g %S EA3l] 1 M sorbitol/2% SDS 7t

Table 1. Primers used in this study for detection of AHPRT positive.

o] 3~5 w7} == 3k} Zymolyase 227} Bt M ES
1500 rpm, 4°Col M SE7F 14 Fejste] A H B-
mercaptoethanol®] A|71E 918 1 M sorbitol= F H Ao]
Fo}, #AZE oA 2 mi2] STCEY(1 M sorbitol, 10 mM
Tris + HCl pH 7.5, 10 mM CaCL)°-2 ¥ et3ie} 15 ml®)
Falcon tubeel 2AdAFS] 1 ug® TAR vector$} 2 ugd
genomic DNAE- w|2] £4]3}e], Spheroplasts S &e 450
U gol 7PHAl 41 F Aol 108 HAF ¥, 5 mio
PEG-£%(20% PEGS8000, 10 mM Tris - HCl pH 7.5, 10
mM CaCl)S ¥3L tube invertingdle] 7PHA 41 Al-2ell
A 1082F £ 1500 mpmoll A 582t YAlEe]sle] 3438t
F, AN 2AAHA AAST 1 mie SOSQ M
sorbitol, 6.5 mM CaCl,, 0.25% yeast extract, 0.5% bacto
peptone) -&-Hel] dEtsled 30°Co A 14]7F v oFgtet. o)
top agar Sor-HisZ %< glass test tubeol] 8§ ml¥ E-F3}o]
50°Ce]] <Et. $19] WAL top agardl] ZALFA Ao ¥
2 &, Sor-His platedl] A1~ A| E=c}, plate’} 24
H 30°Col| A 3~4 7} wiekRHe}9, 14].

Positive clone2| &fol

SD-His plateo] & HAKHBAE oA S ]85
3} plate & 30712] colonyE patch3te}. 2~3Y F-9 30°C
o|A WSk ¥ }A] SD-His platedl] replicaste] EA]2-S- wt
£°] ¢|& primary gene poolZA] 30°Cel| A 24 7t wijoF3k
©}. Primary gene poolZ EA% platel|A] 2}gh A EES
mle] E= wix] FmE Aol 15 ml¥ Falcon tubed] -2
F At HEE dF00A zymolyaseS A3l &%
2] DNAE $%3%H19). %% DNAZ 400 pie) TE
buffercl] 521 ¥, o] 5 1 W PCR W3l AME3, PCR
o o] &% ¥-¥-2 hHPRT AR} Wl EA3= 5 HA|
exonol] #|F3H= F-E22 vectoroll = EAIBIA| et} o
primary gene pooks ©]-8-3fe] M#| PCRZ E&¢] HU:
AZ 818 ¥ positive PCR "HE7) E1Ey o] 25 7+
7}9] colonyE AHE&-3ted 7 WA colony PCRE 43§ 3}
gholgtct. o2t &l F 7t FE9 DNAE Fg3t4
hHPRT gene®| promoter 53} v}A| 9} exons E 33} 4
59 oJde|A PCRES 43 3tH(Table 1). PCR ¥Hg-2

Primer Sequence Size PCR product
HPRT pro-F 5’GCT C\AA TGA CTT GCC TAG TT-3’ 20 bp 300 bp
HPRT pro-R CAC TTA GGA CAG TAG AGT CA 20 bp
HPRT exon2-F TGC TGG GAT TAC ACG TGT GAA CC 23 bp 527 bp
HPRT exon2-R GAC TCT GGC TAG AGT TCCTTCTTC C 25 bp
HPRT exon3-f CTG TAG GAC TGA ACG TCT TGC TCG AGA TG 29 bp 195 bp
HPRT exon3-r CTC ACA CAA TAG CTC TTC AGT CTG AT 26 bp
HPRT exon9-f GCA TGT TTG TGT CAT TAG TGA AAC TGG 27 bp 149 bp

HPRT exon9-r

GCT CTA CTA AGC AGA TGG CCA CAG AACTAG

30 bp




9700 Thermocycler(Perkin-ElmeryS AR5}y 94°C, 2 E7t
1 cycle, 28]2 94°C, 3% — 58°C, 30% — 68°C, 1529
WHE-& 30 cycles RHEAIZ F, 72°Coll A 10%- 1 cycled]
A% 9b$E 83T} PCR AFES 1.5%2] SeaKem GTG
agarose gel& AME3od A7]935-E F3led Felgic)

A% ® nE

TAR vector LHO &fei=j= hooke| &[4 Zo| #H

TAR cloning - 5738 Al DNARN-E Rl
ke SR GG AL ] EAEe 97IM 9
ARy} Ppajelel, gein FEo) 9le} hook A2 Al
el A A 2Al A4S Azl AA A" Fesk §-
Folt}. TAR clonings 43% W& AMSE FAAHEE o
A F HEoZ 1iyo] F2 hook F7IHLER ARSI,
o e B 8 35 ddsie iR Ags PCR ¢
21 5-2] (detection primers)E® AR43 4~ lchFig. 1). A7}
2| single-copy 3 A F-eloll AH-8-% hook?] 37|+ oF
200~1,000 bp2] Ao}l o2 g1, 3,7, 8, 10-12, 17] HF

CENG / TAR vector

Human genomic DNA

B TAR vector

pHPRT-750 ey
pHPRT-380 unmmummp>
pHPRT-160 iy

pHPRT-93 wp

pHPRT-63 #p»

Fig. 1. A schematic of the basic plasmid pVC604 for construc~
tion of TAR cloning vectors containing different length hooks.
(A) Scheme for isolation of the human APRT gene as a series of
circular YACs using a TAR cloning vector containing 3'-HPRT
sequence and an Alu tepeat. Yeast spheroplasts were transformed
with genomic human DNA along with a TAR cloning vector con-
taining a 3' sequence (large black arrow) and an Alu sequence at
the ends of the linearized plasmid. Recombination between
sequences in the vector and genomic DNA containing the hHPRT
gene leads to the establishment of circular YACs that extend from
the 3' sequence to various 4/u positions. Arrows indicate positions
of primers (specific for exon 2 of the #HPRT gene) used for detec-
tion of positive clones among primary transformants. (B) Scheme
of different sizes of hook. A set of TAR vectors with targeting
sequences of different sizes (750, 380, 160, 93 and 63 bp) homol-
ogous to the 3'-end of AHPRT gene was constructed. Each vector
contains a 189 bp Alu repeat as a second targeting sequence. Vec-
tors were linearized with £coR1 restriction enzyme before trans-
forming.
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AR Ko Falo] 100~200 bp o] 3}l E-3}3lctw TAR
cloning-& AHE3P7] 18& A o2 AlREY. o]t ¥4
9] Held} TAR cloning®] §3432 Z7X1717) YaiM &
#] Noskov 5[17]¢] Tg.AC transgenic mouse 524 & o]
43}od 2k 60 bp Zol9] hook® 2 TAR cloning®] 753}
SR S #Ee) olelgt e SolR R[4, 5] Yolvt
= A Az 283 971 Y ZHojal 40 bpet
w4 feAkslet,

H Ao A= A 7F obd human single-copy A}
ol hHPRTZ 143} hook®] ZolE 63 bpolirl 750 bpE
defsled 1 =g v ZEg T (Fig. 1) AE D 9PgellA
718 3} 2ol bR Al 1 pg®] TAR vector?} 2
el genomic DNAE AH8-8tel YAARE: psisin. 2
TAR vectorg AME-Sled -2 HAHRA %= plate 7 oF
400 7= vector 7+e] FAAF wiwe] xpol= AA vieht
A A9k, 7 vectord o83k oF 1,00008] SRS
ZA}sle] Eelals] 0u}, pVC-HPRT3809] A Hefl Hod
= A% radial vectorZ AME-3led ABLY 71 718}
%31, pVC-HPRT639] -+ AES Ve =s Ade
F5 F7H3 S 2 A3} Table 2004 B 73} 2ol
hooke] Z o)} 109} 7}%(pVC—HPRT750 . pVC-HPRT63)
Aol 7Hdell e Bk, §31AF e WiEE 040~0.452
Aol Y3 £EE HeEE o] ZFAES single-
copy RS Helo| = hook®] #4: HelE <F 60 bp7h
F4T ¢ e ZE Auldhe AR, FHA cDNA o
71de NS B A AVIMY AERleas F8Y
of 7hgslrhes A BodFrt

HAY7HA] hookSE AH-EF DNA G7wide] Hoji= 7}
200~1,000 bp= ©] M4 HejAlE= TAR cloning®] &gl
od8kS F3) AIH1, 3,7, 8, 10-12, 17]. =3} hookd] FHA
ZdolE mouse B AlARIE o] 83led AR AR 60 bp
7R Fhsabee Zlol WeAH17). 22ing 2 Alg 23
= TAR cloning {22 human M52 HE] 214 single-
copy FAAR] hHPRTS Fejsled Had fx4He 2
o5 FAF)ste] W}l w2 79l TAR cloning o] A&
2 $ole e BeEst

Table 2. TAR cloning of #HPRT by a vector containing different
sizes of targeting sequence.

Analyzed Number of

TAR vector transformants*  positive clones % yield
pVC-HPRT750 1,000 4 0.40
pVC-HPRT380 2,100 9 043
pVC-HPRT 160 1,100 5 0.45

pVC-HPRT93 1,200 5 0.42
pVC-HPRT63 2,670 12 045

*Transformats were selected from several independent transforma-
tion experiments.
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MEZ CtE TAR vectort] (e SHEXE ¥lzo| vl

TAR cloning el 21¢] hooke] A o]7} AR o] FHejx|™
2 o | E= ojuw 3 vectors AlZFE AUAE HAIS)
ofof gt} FAN7HA] AMEE F 7H9] TAR vector®] 28]
FAAEL o dedol] EAsl=r} ofd g & Ut &
A= 72 v e)F o). w3k TAR vector Yeoll= &5 4
oA ~~2 BAIF £ 9] ARS(Autonomously Replica-
tion Sequence)’} EAEA] 931, AHA ANzl s A
d5 255E Aw Hell < 20~30 kb wit} 3 Ex}e] 1)

A
multi-cloning site
B pvC604
Hook
(@) > > > >

Alu  Alu  Alu Alu  Alu  Alu

> > > >

Alu Alu  Alu specific hook
(b)
“—> > > >
specific hook Alu Alu  Alu
( C) “—r 4> > 4>
specific hook specific hook

Genomic DNA

Fig. 2. Scheme of isolation of the human HPRT gene as circu-
lar YACs using three different types of TAR cloning vector. (A)
pVC604 was generated by deletion of a 100 bp fragment contain-
ing a yeast origin of replication (4RSH4) from pRS313. This plas-
mid has an extensive multi-cloning site consisting of 14 restriction
endonuclease 6 and 8 bp recognition sites for flexibility in cloning
particular fragments of interest. The functional DNA segments of
the plasmid are indicated as follows: CENG = a 196 bp fragment of
the yeast centromere VI; HIS3 = selectable marker for yeast cells;
Amp = ampicillin-resistance gene. (B) Three different types of
TAR vector are shown as followes: (a) A/ universal TAR vector,
(b) radial TAR vectors, and (c) two-unique (specific) hook TAR
vector. The diagram shows the DNA fragments included when
yeast spheroplasts are transformed. Two different relative orienta-
tions of the radial TAR vector are possible, as shown in diagram
(b). Recombination between sequences in the vector and the locus
in genomic DNA creates a circular YAC. The arrows indicate the
positions of primers for an internal region that can be used for ini-
tial identification of YAC clones containing the gene of interest.

&2 EA3= ARS-like Wi Qell o3 ER Wof|4] FFo]
7Fs3skAl ©5H20,21]. ARS7} ¢l TAR vectore AHS-8F
TAR vector®] <37l 2J3} background 5 Zol¥] o]
L5l aglng F29slaa) sl oo Ar7t gl
2] o= S, VT 2R =27]9] YA ARS-like bl
do] EAIsHA] &S 7FeAE B Z vt 3719 74
2} o3edo] Baly} 71538} radial vectors AME8KITHFig. 1,
Fig. 2). o|818 &5 ol9foll = 22 fxixte] Fel & &3
o] F vector?] AL U] EM3H AF Ao whE
g B & g8 f840] veRd AeE Bl ¢
o mbe} B AF-ol| A= universal TAR vector, radial TAR
vector 22|31 two unique TAR vector(Fig. 2)5 A =}s}eq
TAR cloning& $3slaich. W14 ©]2{8} TAR vectors A}
4sle] FAAF NEE AT 2 AT wHEA 9
hook 2 2R}t o] F0]x] universal vectorol|M= A28 7Fs
Aol A FolAA HEE w2 A HI%=(=2,000
colonies/plateys VeM Sl oh(Fig. 3). 28] §H&o] HHEA
g2 ¥ radial TAR vector 4] two unique TAR vector
o B]s] <F 20 wie} & FAA} WIS e U (Fig.
37} Table 3). o] 2|AAF] Al DNALH AAAF] vector
Zroll Ao A2 o] hook®] el wi-g- 2]&EX 2
2 dodeh= Z& 9u|gi

TAR vectore| R0l w2 ME9| H|W

hHPRT radial TAR vector$} two unique TAR vectorS-
ARE3te] doal HAAFAE o]-8-3le] hHPRT 7=l
& positive clone®] W =E FA3}S] h(Table 3).
hHPRT radial vectordl| A= 2,100702] 3RS = 97]<)
positive cloneg %13, hHPRT two unique vectoroll A+
1,290742} =AM oA 12 7H2] positive cloneS o]
22 582 77 0433 0.935 VeiGE & 54 43
2] #2] 9WEE two unique TAR vectorE AME3F 735 2
v oAt sl o m® FEd gle] A¥Ee] (wo unique
TAR vector7b ¥ -3t & 4= Qlo}. o|2fdt A=

RTERT(human Teleomerase reverse transcriptase) -1 A1)

A B C

Fig. 3. Comparison of transformation frequency using three
different types of TAR vector. (a) Alu universal TAR vector, (b)
radial TAR vectors and (c) two-unique hook TAR vector. Transfor-
mation efficiency was observed in parallel samples with 1 of TAR
vector and 2 of human genomic DNA.



Table 3. Isolation of hHPRT gene using different types of TAR
vector.

Average number Number of Numberof (%)

TAR vector . .
of transformants  transformats  positive clones yield
HPRT radial 431 2100 9 043
HPRT 2-unique 2392 1290 12 0.93

TAR cloning was done using 1 ug of linearized TAR vector and 2
ug of genomic DNA.

2] ¥l X (radial vector : two-unique vector = ~0.033% :
~0.083%Pl M= AR viebdo). =31 ZF positive clone
o] AA| oF 45 kbell 3l hHPRT FAAE A% 23
3l=A1F A7) 98] hHPRT 7 A42] promoter F-4,
exon 2, exon 3, 12X u}A| 2t exonQl exon 9 39S
PCRE ZAF3}g vH(primer A Q- Table 1 #3). Radial
hook® 2 #2|¥ 9ZFE = 522, unique hook2Z Hz|gl
1288 F 4325 AR 23, Fig. 40lM 2T 75
Zro] 97§2] YAC €& EFol|A hHPRTS A o] A3
DNAZ} 2249 % 722 g%} Negative controlZ-A
hHPRTSAIALS E61A] oF2 vectorihs 3243 A7 &
2o F2YE AMsle] PCRS 38 A7 PCR band7}
golsx] d3)kcl(data not shown).

el 7 AHE FEsted £A3PY radial TAR vector®
739 two unique TAR vectorell B]3l] 20 vlj o]Ake] &l
A =g Vel 2, -3 AEH el two
unique TAR vector7} radial TAR vectorel] Bl&ll <F 2 wj<]
F7HE B9k BB R 3xle] Aoy Wiy RS

123412341234 12341234

2.0kb
1.5 kb

0.6 kb

M C #Ul #U2 #U3 #U4 M

2.0 kb
1.5kb

0.6 kb

M #R1 #R2 #R3 #R4

#RS M

Fig. 4. Characterization of AHPRT-positive YAC clones by
PCR analysis. The primers amplify promoter region (Lanel, 300
bp), exon 2 (Lane2, 547 bp), exon 3 (Lane3, 195 bp) and exon 9
(Lane4, 149 bp) sequences along with short sequences of flanking
introns (Table 1). All YACs contained the entire ZHPRT gene. M,
100 bp size marker (Invitrogen Inc.); C, control human genomic
DNA; #U1-#U4, positive isolates from a two unique hook vector;
#RI-#RS, positive isolates from a radial vector.
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Mgt Ao A Aske] AlE DNATRE: o] 88 4 9l
L #-9ol| = radial TAR vectorZ} & o] f-gelcta & 4
¢)c}. Radial TAR vectors AME-E02A] ¢Izke] AW A
5ol A= A7t Ate] fdzke) Ak fAAE F
Alell EE4d3le] ozt WellA] Welo] A1 wele A=
V53 "ok e B oFe] AlE DNAS &Rd 4
2 U¥kE TAR cloningoll: & o] ¥ AWHEHSE BHoE
two unique TAR vector7} A3l B 4= Qlv}. ol & &
o}, DNA %k 23] 129 4 qlA|5 fAizte] E8+40]
o) oJ2]-% hTERT +3A] 79 2 E=l X7} radial
TAR vectorZ Ab4-3l9]S W) ~0.033%E wf$ o} two
unique TAR vector(~0.083%)%] 73-9-7} ©] £-o]3}ct &
4> Qlot. hTERT AR 724 Wiiol] @2 minisatellite
£ AU gle] Beskd L Fe wler) wig @2 e

A ol6, 13, 16]. 11 =2 TAR vector®] -F-8439] ]
T2} hook®] ZolE Ml $43t £ 7% TAR cloning

Wel $-44 Fols) Seshl 719 Zlow A
2 o

TAR(Transformation-Associated Recombination) cloning
& Ealsl a5AEe] Al EZRE AR B4 9
A FLNE AEA el 7Fess gt o] WhEe FHe
2 3l dAA 4 e EAlshe wled g Alw
71l tNat RS P e 3}, spheroplast FAA 3
A Als DNAL 59} 33 d-S- A*d TAR vector
Apolell ] Aoz AEA AHZEIA | 23l o] Foixl.
£ AT M E single-copy FAAFe] F89e] Bz
specific hook?] A =7)Z FAFEIESL, M2 oHE TAR
vector(radial?} unique vector)?] F-842 FAks17] 8l 5
U3} single-copy FAAK] £33 B8l vlwsisich 1 A2
3}, hHPRT 7 #}el] dl&F TAR cloning®] ¥lE* hook?]
Zo)7}F 750 bp~63 bp2] WM S velidet. radial
hookS A8-&F 7d-9-¥x} unique hookS AMHE-3153E 739- &
AR A o] P o 200 2] FAE Byl FHo=
= Azl £ wlEE F ou) ol Fvlksiid. 1E
B2 B A two-unique TAR vector:= Al o] F2o
=2 ub3 TAR cloningl] AH8& 4 912+, radial TAR
vector®] 7-93= Welsh ZE3} 7o) Algkd Al DNAE
AHEERe Aol o Al & 4 ok =3, single-
copy wAA}e] Helo] B2 s specific hook®] 34 2
ol oF 60 bpE = Fhesithe e sl

#Atel 2

o] E=F-2 2001FhI T Folr)ta sl 7| (FEHA)
7 &lel| 2sle] AT



328 PARK etal.

REFERENCES

1. Amnab, L.A., N. Kouprina, G. Solomon, P.L. Cable, D.E.
Hill, J.C. Barrett, V. Laronov, and C. A. Afshari. 2000. Isola-
tion of a functional copy of the human BRCAI gene by
transformation-associated recombination in yeast, Gene 250:
201-208.

2. Burke, D.T.,, G.F. Carle, and M.V. Olson. 1987. Cloning of
large segments of exogenous DNA into yeast by means of
artificial chromosome vectors. Science 236: 806-812.

3. Cancilla, M.R., K.M. Tainton, A.E. Barry, V. Larionov, N.
Kouprina, M.A. Resnick, D. Dustart, and K.H.A. Choo.
1997. Direct cloning of human 10925 neocentromere DNA
using transformation-associated recombination(TAR) in
yeast. Genomics 47: 399-404.

4.Hua, S.-B., M. Qui, E. Chan, L. Zhuy, and Y. Luo. 1997.
Minimum length of sequence homology required for in vivo
cloning by homologous recombination in yeast. Plasmid 38:
91-96.

5. Jinks-Robertson, S., M. Michelitch, and S. Ramchran. 1993.
Substrate length requirements for efficient mitotic recombi-
nation in Saccharomyces cerevisiae. Mol. Cell. Biol. 13:
3937-3950.

6. Kim, J.-H., S.-H. Leem, Y. Sunwoo, and N. Kouprina. 2003.
Separation of long-range human TERT gene haplotypes by
transformation-associated recombination cloning in yeast.
Oncogene 22: 2452-2456.

7. Kouprina, N., L. Annab, J. Graves, C. Afshari, J.C. Barrett,
M.A. Resnick, and V. Larionov. 1998. Functional copies of a
human gene can be directly isolated by transformation-asso-
ciated recombination cloning with a small 3' end target
sequence. Proc. Natl. Acad. Sci. USA. 95: 4469-4474,

8. Kouprina, N., M.R. Cancilla, J. Graves, M.A. Resnick, and
V. Larionov. 1997. Specific isolation of human rDNA genes
by TAR cloning. Gene 197: 269-276.

9. Kouprina, N. and V. Larionov. 1999. Selective isolation of
mammalian genes by TAR cloning, In Current Protocols in
Human Genetics, UNIT 5.17, John Wiley & Sons, Inc.

10. Larionov, V., N. Kouprina, J. Graves, X.-N. Chen, J. Koren-

berg, and M.A. Resnick. 1996. Specific cloning of human

DNA as yeast artificial chromosomes by transformation-

associated recombination. Proc. Natl. Acad. Sci. USA. 93:

491-496.

11. Larionov, V., N. Kouprina, J. Graves, and M.A. Resnick.

1996. Highly selective isolation of human DNAs from

12.

14.

15.

16.

17.

18.

19.

20.

21.

rodent-human hybrid cells as circular yeast artificial chromo-
somes by transformation-associated recombination cloning.
Proc. Natl. Acad. Sci. USA. 93: 13925-13930.

Larionov, V., N. Kouprina, G. Solomon, J.C. Barrett, and
M.A. Resnick. 1997. Direct isolation of human BRCA2 gene
by transformation-associated recombination in yeast Proc.
Natl. Acad. Sci. USA. 94: 7384-7387.

.Leem, S.-H., J.A. Londono-Vallejo, J.-H. Kim, H. Bui, E.

Tubacher, G. Solomon, J.-E. Park, 1. Horikawa, N. Koup-
rina, J.C. Barrett, and V. Larionov. 2002. The human telom-
erase gene: complete genomic sequence and analysis of
tandem repeat polymorphisms in intronic regions. Oncogene
21: 769-777.
Leem, S.-H., V.N. Noskov, J.-E. Park, S. I. Kim, V. Lari-
onov, and N. Kouprina. 2003. Optimum conditions for selec-
tive isolation of genes from complex genomes by
transformation-associated recombination cloning. Nucleic
Acid Res. 31: €29,
Ma, H., S. Kunes, P.J. Schatz, and D. Botstein. 1987. Plas-
mid construction by homologous recombination in yeast.
Gene. 58: 201-216.
Neil, D.L., A. Villasante, R.B. Fisher, D. Vetrie, B. Cox, and
C. Tyler-Smith. 1990. Structural instability of human tan-
demly repeated DNA sequences cloned in yeast artificial
chromosome vectors. Nucleic Acids Res. 18: 1421-1428.
Noskov, V.N., M. Koriabine, G. Solomone, M. Randolph, J.
C. Barrett, S.-H. Leem, L. Stubbs, N. Kouprina, and V. Lar-
ionov. 2002. Defining the minimal length of sequence
homology required for selective gene isolation by TAR clon-
ing. Nucleic Acids Res. 29: ¢32.
Sambrook, J., E.F. Fritsch, and T. Maniatis. 1989. Molecular
cloning: a laboratory manual, 2nd ed. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y.
Sherman, F., G.R. Fink, and J.B. Hicks. 1986. Methods in
yeast genetics. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y.
Stinchomb, D.T., M. Thomas, I. Kelly, E. Selker, and R.W.
Davis. 1980. Eukaryotic DNA segments capable of autono-
mous replication in yeast. Proc. Natl. Acad. Sci. USA. 17:
4559-4563.
Theis, J.F. and C.S. Newlon. 1997. The ARS309 chromo-
somal replicator of Saccharomyces cerevisiae depends on an
exceptional ARS consensus sequence. Proc. Natl. Acad. Sci.
USA. 94: 10786-10791.

(Received July 31, 2003/Accepted Nov. 23, 2003)



