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 1  

Abst ract  2  

Gap- repa ir cloning  f or p lasmid const ruct ion in  budd ing yeast  3  

i s  very ef f ec t ive and oft en used.  In cont rast ,  t he sam e method  i s 4  

not  wide ly used in  f i s s ion yeast ,  because  o f  i t s  shortage of  5  

appropriat e in form at ion.  Here ,  we described a s im ple and 6  

ef fec t ive gap- repa ir c lon ing f or plasm id const ruct ion using short  7  

tract s of  f l ank ing hom olog y.  In t hi s  m et hod,  we have combined 8  

concentrat ed DN A f ragm ent s wit h short  (20bp)  t ract s of  f l anking  9  

hom ology wi th the m arker gene or the  pre- ex i st ing gene module.  10  

In add it ion,  we showed t hat  t hi s  m et hod can  be appl i ed for 11  

one- s t ep c lon ing of  m ul t ipl e DN A f ragment s to  const ruct  f usion  12  

gene.   13  

 14  
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 1  

Plasmid cons tr uct ion  i s  one o f  the most  commonly  and f r equen t ly  2  

used  molecu lar  b io log ical  t echnique  in  many l abora tor ies .  Gener al l y,  3  

res t r i ct ion enzymes and  DN A l igase have been used  f or  cloning of  4  

specif i c  gene onto pl asmid. 1 )  Howeve r,  th i s t r adi t i ona l  and  5  

conven t ional  c lon ing method  i s  l abo r ious and of t en i ne f f i c ien t .  I n  6  

budding yeas t  Saccha romyces ce rev i s iae ,  the  gap-r epai r  cloning has  7  

been wide ly  used fo r  pl asmid const ruc t ion . 2 )  T hi s  method depends  on  8  

the abi l i t y  of  yeast  t o  r epai r  gapped DNA sequences i n  v i vo  by 9  

homologous recombina t ion.  I n  t hi s method,  DN A f ragmen t s wi th 10  

f l ank ing homology to  t he  t a rge t  pl asmid  can be d ir ec t l y  c loned in to  a  11  

l i near i zed pl asmid by homologous r ecombina t ion wi thou t  t he need 12  

for  an in  vi t ro  DN A l igat ion .  T he  gap- r epa ir  c lon ing i s  s imple and 13  

conven ient  because shor t  ( 20bp)  t r ac t s of  f l ank ing homology ar e 14  

su ff i c ien t  f or  e f f ect ive  gap-r epai r  cloning  in  budding yeas t . 3 )  In  15  

par t i cul a r,  t hi s  me thod i s  ve ry  e f f ect ive  and  powerf ul  when sui t ab l e 16  

res t r i ct ion s i te s  ar e no t  avai l ab l e. 4 , 5 )  17  

In  cont r ast  t o  budding  yeas t ,  the gap- repai r  cloning i s  not  widely 18  

used  f or  pl asmid const ruc t ion in  f i s s ion  yeast  Schi zosaccha romyces 19  

pombe  even though the  method has  been adap ted to  cons tr uc t  20  

plasmids 6 )  and to  ob t ain nove l  a l l e l es of  a  spec if i c  gene. 7 )  T he  r eason  21  

why the gap- r epa ir  clon ing i s  no t  wide ly  used in  f i s s ion yeas t  appear s  22  

to  be involved in  the r equ ir ement  f or  longer  r egion o f  f l ank ing 23  

homolog y.  I t  was shown  that  when  homologous recombina t ion 24  

mediat ed- gene t a rget ing in  f i s sion yeas t  was  pe rf ormed,  homologous  25  

in t eg r at ion e f f i c i enc i es of  1~3% wer e obt a ined wi th about  40bp of  26  

f l ank ing homolog y, 8 )  t ha t  o f  >29% wer e  obt a ined wi th about  80bp of  27  

f l ank ing homology9 ) ,  and tha t  of  >50%  wer e obt a ined with >500bp of  28  
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f l ank ing homolog y. 1 0 , 1 1 )  On the  bas i s of  these r esu l t s ,  we may  suspec t  1  

tha t  a  l ong t rac t s of  f l anking  homology ar e necessar y f or  e f f ect ive  2  

gap-r epa ir  c lon ing in  f i s sion yeas t .  Howeve r,  i t  has no t  been 3  

sys temat i cal l y  examined  how long the f lanking homology ar e 4  

necessa ry  and su ff i c ien t  f or  e f f ect ive  gap-r epai r  clon ing  in  f i s s ion 5  

yeas t .  Her e,  we descr ibed a s imple and e f fec t ive gap -r epa ir  c lon ing 6  

using shor t  t r ac t s of  f l ank ing homology  in  f i s sion yeas t .  7  

To examine the  e f f ec t s o f  the l eng th  o f  f l ank ing homology  on the 8  

eff i c iency of  gap -r epa ir  c lon ing,  we per for med  the f o l l owing  9  

exper imen t s.  A t  f i r s t ,  we pe rf or med PCR ampli f i ca t i on o f  the aur1 R  10  

(aur eobas idin  A r es i s t an t)  gene 1 2 ) ,  w i th  shor t  ( 20bp)  and  long (40bp ,  11  

80bp,  250bp ,  500bp)  t rac t s of  f l anking  homology with the nmt1  12  

pr omote r  and the  nmt1  t er minator  (F ig. 1A) .  PCR was  gener a l l y  done 13  

by  30  cyc l es  o f  94 degr ee  f or  30s ,  48 degr ee fo r  30s,  and 68 degr ee fo r  14  

1 – 3  min  us ing KOD- plus and l i nea r i zed pREP1- aur1 R  ( Kominami 15  

unpub l i shed)  as  t emplat e.  A l l  p r imer s used in  t hi s s t udy a re  l i st ed in  16  

Tab le1. Then,  a  f i s s ion yeas t  s t r ain  PR110  (h ,  l eu1- 32,  u ra4- D18 )  17  

was co- t r ansfo rmed wi th t hese PCR f ragment s  and a B am HI diges t ed 18  

pREP1 vector 1 3 )  ( mo lar  ra t io  of  mixed DN A of  a  gapped pRE P1  and  19  

P n m t 1 - aur1 R -T n m t 1  i s  1  t o  20) .  For  t r ansf or mat ion,  a  pr o tocol  based on 20  

l i th ium ace ta t e method was used9 ) .  Tr ansf or mant s wer e  scr eened by 21  

EMM p lat es 1 4 )  wh ich  l ack l eucine and thi amine,  and  the number  o f  22  

to t al  t r ansf or man t s was coun ted ( Tab le S1) .  Nex t ,  t r ansf or man t s wer e 23  

repl i cat ed on to E MM p lat es  con tain ing 0. 5mg/L o f  AbA with or  24  

wi thou t  2mM th i amine and the number  of  AbA-r es i st ant  t ransfo rmant s  25  

was counted.  Only when the  accur a t e homologous r ecombinat ion 26  

occur s  be tween the  gapped vector  and  the  i n ser t s ,  t r ansf or man t s wi l l  27  

express  t he aur1 R  gene in  a  nmt1  pr omote r- dependen t  manne r.  28  

Ta b le 1 
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Ther ef or e,  t he p r opor t i on of  to t al  t r ansf or man t s tha t  wer e r es i st an t  t o  1  

Ab A ind icat es t he p ropor t i on o f  co lon ies r esu l t i ng  f r om p roper  2  

gap-r epa ir  c lon ing.  Expect edl y,  most  t r ansf or man t s wer e r es i s t an t  to  3  

Ab A in  a  nmt1  p romote r-dependent  manner  ( Fig.  2A) .  We f ound that  4  

the pr opor t ion of  co lon ies  ha rbor ing pr oper  gap- repa ir ed  p l asmid was 5  

over  80%  when us ing  long (80bp ,  250bp,  500bp)  t r act s of  f lanking 6  

homology  (F ig.  2B) .  T hi s  i s  cons i st ent  wi th pr ev ious  r esul t s  t hat  l a rge  7  

f l ank ing homology  i s  r equ ir ed  f or  e f f ec t i ve homologous 8  

recombina t ion9 , 1 0 )  and e f fec t ive gap -r epai r  cloning7 )  i n  f i s s ion yeas t .  9  

To conf i rm the  st ruc tu r e o f  the cons t ruct ed pl asmids ,  we  r escued the 10  

plasmids f r om  AbA-r es i s t an t  t r ansf ormant s.  A l l  t ransfo rmant s  were  11  

col l ec t ed and di s rup ted by acid washed gl ass  beads ( 425–600µm; 12  

Sigma Co.  Ltd) .  Af t er  t hen ,  t he pl asmids wer e i sol a t ed f r om the 13  

di s rup ted ce l l s  by QI Apr ep Spin Minipr ep k i t  ( QI AGE N) and  14  

in t r oduced in to E.  col i  DH5α .  Af t er  pur i f i ca t i on of  pl asmids f r om E.  15  

col i  DH5α ,  t he  sequences  o f  t he l i gat ion junct ion of  const ruc t ed  16  

plasmids wer e conf i rmed by  sequenc ing  analys i s u sing p r imer,  P n m t 1  17  

80bp F  o r  T n m t 1  80bp R.  We f ound that  40~100%  of  E.  col i  18  

t r ansf orman t s car r i ed  t he cons tr uct ed pl asmids con tain ing the aur1 R  19  

gene.  We next  examined whether  the e f f i ci ency  o f  gap- r epa ir  c lon ing 20  

wi th shor t  (20bp)  t r ac t s of  f lanking homology cou ld  be improved  by 21  

di f f er ent  molar  r at i o  o f  mixed  DNA.  We f ound tha t  the e f f ic i ency of  22  

gap-r epa ir  cloning was  abou t  20%  when  the molar  r a t i o  o f  mixed DN A 23  

of  gapped pREP1 and  P n m t 1 -aur1 R-T n m t 1  was over  1  t o  50 (F ig.2C) .  24  

These da t a sugges t  tha t  gap- r epa ir  c lon ing  with shor t  ( 20bp)  t r ac t s of  25  

f l ank ing homology  i s  i ndeed f eas ib l e in  f i s s ion yeas t .  26  

To f ur ther  demonst ra t e the e f f ect iveness of  gap-r epai r  cloning 27  

using shor t  (20bp)  t r act s  o f  f l anking homolog y,  we perf or med  PCR 28  

F ig . 2 
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ampli f i cat i on  o f  t he GFP( S65T )- kanMX6 gene wi th sho r t  (20bp)  1  

t r act s  o f  f l anking homology with the vector  (F ig.  1B) .  PCR was 2  

perf or med  by using the two pr imer s,  P n m t 1 - p FA6a  un i  F  and 3  

p FA6a-T n m t 1  uni  R,  and p FA6a- GFP( S65T) -kanMX6 9 )  a s  t emplat e.  4  

Af ter  then,  PR110  wer e co - t r ansfo rmed wi th t he PCR fr agmen t  and a 5  

Bam HI digest ed pRE P1 vector  (mola r  r at i o  o f  mixed DN A of  gapped  6  

pREP1 and  P n m t 1 -GFP(S65T)- kanMX6-T n m t 1  i s  1  to  50) .  Homologous 7  

recombina t ion be tween the gapped  vec tor  and GFP(S65T) -kanMX6 i n  8  

vi vo  w i l l  enable  t r ansf or mant s t o  expr ess GFP(S65T)  in  a  nmt1  9  

pr omote r- dependen t  manner  and gr ow on  YES  p l at e1 4 )conta in ing  10  

100mg/L o f  G418 ( Fig.  1B) .  To examine  the expr ess ion o f  GFP(S65T )  11  

in  a  nmt1  pr omote r- dependen t  manner,  we obse rved the GF P 12  

f l uo rescence by a  BX51 micr oscope (Olympus)  and  i l l uminat ion a t  13  

485nm.  Fur the rmor e,  we perf or med r apid pr ot e in ex tr act ion as 14  

descr ibed pr ev ious ly1 5 )  and  wes t er n blo t  ana lys i s t o  de t ect  15  

GFP( S65T)  by an an t i - GF P an t ibody ( Roche Diagnost i c s) .  Tubul in  16  

was al so det ec t ed  as  a  l oading  cont ro l  by an  an t i - t ubu l in  ant ibody 17  

(Sigma Co .  L td ) .  As  expect ed,  we found tha t  t ransfo rmant s  could 18  

gr ow on  YE S pl a te  conta in ing  G418  and expr essed GFP( S65T )  i n  a  19  

nmt1  pr omote r- dependent  manner  ( Fig.  3 A and B) .  Af t e r  i so l at ion of  20  

plasmids f r om f i ss ion yeas t ,  we t r ansf o rmed  E.  col i  DH5α  w i th  21  

gap-r epa ir ed pl asmids and  sel ec ted t r ansf or mant s on L B p l at es 22  

con taining 50mg/L of  kanamycin .  Pl asmids  wer e pur i f ied  f r om E .  col i  23  

DH5α ,  and the sequences of  t he  l iga t ion junct ion of  const ruc t ed  24  

plasmids wer e conf i rmed by  sequenc ing  analys i s u sing p r imer,  P n m t 1  25  

80bp F  o r  T n m t 1  80bp R.  We f ound that  mos t  E .  co l i  t r ansf or mant s 26  

carr i ed t he cons tr uc t ed p l asmids con ta ining the GFP(S65T) -kanMX6.  27  

These r esu l t s  demons tr at e t ha t  gap -r epa ir  c loning using shor t  (20bp)  28  



 7 

t r act s  o f  f l anking homology i s  s imple and  e f f ect ive method f or  1  

plasmid cons tr uc t ion in  f i s s ion yeas t .  2  

We nex t  t e s t ed t he f eas ib i l i ty  o f  t he c loning o f  mul t i pl e DN A 3  

f r agmen t s by gap- repa ir  c loning,  which  has no t  been t e s ted i n  f i s sion 4  

yeas t .  To  thi s  end,  we f i r s t  per f or med PCR ampli f i ca t i on o f  the c ia1  5  

gene1 6 )  wh ich encodes a h i stone H3 /H4 chaper one and the 6  

GFP( S65T) -kanMX6 gene wi th sho r t  (20bp)  t r ac t s of  f l ank ing 7  

homology ( Fig. 1C) .  To  ampl i f y t hese DN A fr agment s ,  t he two p r imer s ,  8  

P n m t 1 - cia1  F  and cia1 - p FA6a  R,  wer e used to  ampli fy  t he cia1 gene 9  

wi th 20bp  t rac t s of  f l anking  homology f rom f i ss ion yeas t  genomic 10  

DN A and the two pr imer s,  p FA6a  un i  F  and p FA6a-T n m t 1  un i  R,  wer e 11  

used  to  ampli fy t he GFP(S65T)- kanMX6 gene wi th 20bp t r ac t s of  12  

f l ank ing homology  f r om p FA6a-GFP(S65T) -kanMX6.  Af t e r  t hen,  13  

f i s s ion yeast  st ra in  PR 110  were  co - t r ansf or med wi th  t hese two PCR 14  

f r agmen t s and  a  B am HI d igest ed pREP41  vec to r 1 7 )  ( molar  r at i o  o f  15  

mixed  DN A of  gapped pREP41 and  P n m t 1 - cia1  and 16  

GFP( S65T) -kanMX6-T n m t 1  i s  1  t o  20 to  20 ) .  Homologous 17  

recombina t ion be tween the  gapped vector  and  the cia1  gene and 18  

GFP( S65T) -kanMX6 i n  v ivo  w i l l  enab le  t r ansf or man t s to  expr ess 19  

Cia1- GFP(S65T)  p ro t ein t hat  loca l i zes i n  t he nuc l eus and gr ow on  YE S  20  

pla t es con taining G418.  T he pr opor t i on  of  t ot a l  t r ansfo rmant s  t hat  21  

wer e r es i s tan t  t o  G418 and expr essed Cia1- GFP(S65T)  pr ot e in  g ives  22  

the  p ropor t i on of  co lon ies  r esul t i ng f r om pr oper  gap-r epai r  c lon ing.  I n  23  

con tr as t  to  gap-r epai r  cloning wi th two DN A fr agmen t s,  the  e f f i ci ency  24  

of  gap -r epa ir  c lon ing with th r ee DN A f ragmen t s was l ow ( abou t  5%).  25  

However,  we found that  t r ansf or man t s har bor ing  p roper  gap-r epai red 26  

plasmid cou ld gr ow on  YE S p l at es  contain ing G418 and  expr essed 27  

Cia1- GFP(S65T)  p ro t eins i n  a  nmt41 pr omote r- dependen t  manner  ( Fig .  28  
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3C and D) .  L oca l i za t i on of  t he Cia1 -GFP(S65T)  pr ot e in in  the nuc l eus  1  

was ver i f i ed by  st a in ing the same ce l l s  wi th DAPI  (da t a no t  shown) .  2  

To conf i rm  s t r uctur e o f  the  cons tr uc t ed pl asmids,  t he  sequences  o f  t he  3  

l i gat ion  junc t ion wer e conf i rmed by sequenc ing analys i s u s ing pr ime r,  4  

P n m t 1  80bp F or  T n m t 1  80bp R af te r  pur i f i cat i on  o f  p lasmids  f rom E.  co l i  5  

DH5α .  We  found  that  most  E .  col i  t r ans for man t s car r i ed the 6  

cons tr uct ed pl asmids conta in ing the cia1 - GFP( S65T) -kanMX6.  7  

Ther ef or e,  t hese dat a sugges t  t ha t  gap-r epa ir  c lon ing of  mul t ip l e DN A 8  

f r agmen t s u sing shor t  ( 20bp)  t r ac t s o f  f l ank ing homology i s  f eas ib l e i n  9  

f i s s ion yeast  even though the e f f i c i ency  i s  no t  high.  10  

In  th i s s t ud y,  we demonst r at ed t ha t  sho r t  ( 20bp)  t rac t s of  f l ank ing  11  

homology a re  su ff i ci ent  fo r  e f fec t i ve gap-r epai r  cloning f or  pl asmid 12  

cons tr uct ion and tha t  gap- repa ir  c loning of  mul t i pl e DN A fr agmen t s 13  

wi th shor t  (20bp)  t r ac t s of  f lanking homology i s  f eas ib l e in  f i s s ion 14  

yeas t .  Th i s s imple and e f f ect ive gap-r epair  c lon ing  us ing shor t s 15  

t r act s  o f  f l anking homology shou ld be  convenient  and t ime- sav ing  16  

when su i t abl e res t r i c t i on  si t e s ar e not  avai l ab l e and c lon ing of  17  

mult ipl e DN A fr agmen t s or  l a rge  DN A fr agmen t s i s  needed.   18  

 19  
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Figure  l egends 1  

Fig .1.  Schemati c overv i ew o f  the gap-r epa ir  c lon ing in  t h i s s tud y.  2  

(A)  We ampl i f i ed t he aur1 R  gene with sho r t  (20bp)  and long ( 40bp,  3  

80bp,  250bp ,  500bp)  t rac t s of  f l anking  homology with a vecto r.  4  

Fi ss ion yeas t  was  co - t r ansf or med wi th  t hese  PCR pr oduc t s and  a  5  

l i near i zed pREP1 vecto r.  On ly  when the accu r at e homologous 6  

recombina t ion occur s i n  vi vo ,  the  aur1 R  gene wil l  be expr essed f r om 7  

the nmt1  pr omoter  and ce l l s  wi l l  be r es i s t an t  to  AbA.  ( B)  We 8  

ampli f i ed t he GFP( S65T )- kanMX6 gene  with sho r t  ( 20bp)  t r act s  o f  9  

f l ank ing homology  wi th a vecto r.  F i ss ion yeas t  was co- t r ansf ormed 10  

wi th t h i s  PCR product  and  a l i nea r i zed pREP1 vecto r.  Homologous 11  

recombina t ion i n  v ivo r esu l t s  i n  a  repa i red pl asmid tha t  expr esses 12  

GFP( S65T)  f r om the  nmt1  pr omote r  and  conf er s ce l l s  t he r es i st ance 13  

to  G418.  ( C)  Schemat i c overv i ew o f  t he  gap -r epa ir  c lon ing of  14  

mult ipl e DN A fr agmen t s in  f i s s ion yeas t .  For  our  p i l o t  exper iment ,  15  

we ampli f i ed t he cia1  gene and  GFP(S65T) -kanMX6 gene wi th  shor t  16  

(20bp)  t r act s  o f  f l anking homolog y.  F i ss ion yeas t  was co - t r ansf or med  17  

wi th t hese  PCR product s  and a l i near i zed pREP41 vec to r.  18  

Homologous recombina t ion in  v i vo  r esu l t s  i n  a  r epai red p lasmid  that  19  

expresses  Cia1- GFP( S65T )  pr ot e in t hat  loca l i zes in  t he nuc l eus .  20  

 21  

Fig .2.  Shor t  ( 20bp)  t r act s  o f  f l ank ing homology ar e su ff i ci en t  f or  22  

gap-r epa ir  c lon ing in  f i s sion yeas t .  23  

(A)  Most  t r ansf or man t s di sp l ayed the r es i st ance t o  Ab A in a nmt1  24  

pr omote r- dependen t  manne r.  Tr ansfo rmant s r esu l t i ng  f r om 25  

pr opegap-r epair  c lon ing can gr ow on E MM p lat es conta in ing 0. 5mg/L 26  

of  AbA wi thout  t hi amine.  N;  Negat ive  con tr ol  (PR 110  harbor ing 27  

pREP1) ,  P ;  Pos i t i ve cont ro l  (PR 110  har bor ing pREP1- aur1 R ) .  ( B)  T he 28  
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eff i c iency of  gap -r epa ir  c lon ing when us ing di f f er ent  l eng th of  1  

f l ank ing homolog y.  T he e ff i ci ency  o f  gap-r epai r  clon ing  was  2  

cal cul a t ed  f r om the per cen tage of  AbA- res i s tan t  cel l s  in  t he t o ta l  3  

t r ansf orman t s ha rbor ing  the gap- r epa ir ed pl asmid.  T he molar  r at io  o f  4  

mixed DN A of  gapped pRE P1 and P n m t 1 - aur1 R -T n m t 1  i s  1  t o  20.  ( C)  Th e  5  

eff i c iency of  gap -r epa ir  c lon ing when us ing shor t  ( 20bp)  t r ac t s of  6  

f l ank ing homology  under  di f f er ent  mola r  r at i o  o f  mixed DNA.  T he 7  

molar  ra t io  of  mixed DN A of  gapped pRE P1  and P n m t 1 - aur1 R -T n m t 1  i s  8  

shown.   9  

 10  

Fig .3.  Gap- r epa ir  c loning using shor t  ( 20bp)  t r act s  o f  f l ank ing 11  

homology i s  s imple and e f f ect ive fo r  pl asmid cons tr uct ion.  12  

(A)  GFP(S65T)  f l uor escence in  l iv ing  cel l s  was mon i tor ed by  13  

f l uo rescence micr oscop y.  Ce l l s  ha rbor ing  14  

pREP1- GFP( S65T)- kanMX6 wer e gr own  on E MM p la t e wi th or  15  

wi thou t  t h iamine.  ( B)  Weste r n b lot  analysi s  o f  GFP(S65T) .  Cel l s 16  

har bor ing  pREP1- GFP( S65T )- kanMX6 wer e gr own on E MM p lat e 17  

wi th o r  wi thou t  th i amine .  GFP(S65T)  wer e det ect ed wi th an ant i - GF P 18  

ant ibody  ( upper  pane l)  and tubu l in  was det ect ed as a  l oad ing con tr o l  19  

( l ower  panel ) .  ( C)  Subce l lu l ar  loca l i za t ion of  Cia1 - GFP(S65T)  20  

pr ot e in .  Cel l s  har bor ing pREP41- cia1 - GFP( S65T) -kanMX6 wer e 21  

gr own on E MM p lat e wi th or  wi thou t  t h iamine.  ( D)  Weste rn  b lo t  22  

ana lysi s  o f  Cia1- GFP( S65T )  pr ot e in .  Ce l l s  har bor ing 23  

pREP41- c ia1 - GFP( S65T )- kanMX6 wer e  gr own on E MM p la t e wi th o r  24  

wi thou t  t h iamine.  Cia1- GFP(S65T)  p ro t ein was det ec t ed with an 25  

ant i - GF P an t ibody (upper  pane l)  and tubu l in  was det ec t ed as  a  26  

loading con tr ol  ( l ower  pane l) .   27  

 28  
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Ta ble1.  Ol igonuc leo t ide pr imer s  used in  t h i s s tudy  1  

Primer s                       Sequence 5’ to  3 ’  2  

P n m t 1  2 0 b p  F     T C G C T T T G T TA A AT C AT AT G  3  

T n m t 1  2 0 b p  R        C A A G G G A G A C AT T C C T T T TA  4  

P n m t 1  4 0 b p  F  T C T C A C T T T C T G A C T T ATA G  5  

P n m t 1  4 0 b p  R         A A A A A C C C TA G C A G TA C T G G  6  

P n m t 1  8 0 b p  F         G G C AT AT C AT C A AT T G A ATA  7  

T n m t 1  8 0 b p  R        TA AT AT G C A G C T T G A AT G G G  8  

P n m t 1  2 5 0 b p  F        A A C G TA A C T C T C G G C TA C T G  9  

T n m t 1  2 5 0 b p  R        AT T C T TA A C TA C A C C A C T C G  10  

P n m t 1  5 0 0 b p  F        G AT T G T TA G A A G A A A A G A G C 11  

T n m t 1  5 0 0 b p  R        T T T AT G G C AT T T C C AT G T T G  12  

P n m t 1 - a u r1  F        T C G C T T T G T TA A AT C AT AT G T C T G C T C T T T C G A C C T T  13  

a u r1 - T n m t 1  R        C A A G G G A G A C T T C C T T T T AT TA A G G A A G AT G A C T T G C AT  14  

P n m t 1 - p FA 6 a  u n i  F    T C G C T T T G T TA A AT C AT AT G T C G TA C G C T G C A G G T C G A C G  15  

p FA 6 a - T n m t 1 u n i  R    C A A G G G A G A C AT T C C T T T TA C AT C G AT G A AT T C G A G C T C G  16  

P n m t 1 - c i a 1  F         T C G C T T T G T TA A AT C AT AT G  T C A AT C G  T G A AT AT C C T  17  

c i a 1 - p FA 6 a  R        T C G A C C T G C A G C G TA C G A C T G A G A C G T C T C T G G T T T C T  18  

p FA 6 a  u n i  F         T C G TA C G C T G C A G G T C G A C G                19  

k an M X 6  c h k  F        G A A C T G C C T C G G T G A G T T T T  20  

 21  

 22  

 23  

 24  

 25  

 26  

 27  

 28  
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Ta ble  S1.  The number  of  t ot a l  t r ansfo r man t s in  Fig. 2B  1  

Leng th ( bp)  of  f l ank ing homology            Number  o f  cel l s  2  

none                                       64 3  

20                                         127 4  

40                                         148 5  

80                                         236 6  

250                                        290 7  

500                                        403 8  

The molar  r at io  o f  mixed DN A of  gapped pRE P1  and 9  

P n m t 1 - aur1 R -T n m t 1  w i th di f f er ent  l eng th  of  f l ank ing homology i s  1  t o  10  

20 .  E ach  exper iment  was r epeat ed th r ee  t imes,  and  the aver age i s  11  

shown.  12  

 13  

 14  
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