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ABSTRACT: Among 6 leu codons, CUG is the most frequently used codon in £ coli. It is recognized by leu-tRNA(CAG) encoded by four
genes scattered on two chromosomal loci (leuTand leuPQV). In the process of constructing a strain with no functional leu-tRNA (CAG)
gene on chromosome, we made two mutant strains separately, one on levPQV locus [AleuPQV), and the other on leuT locus [leuT
*(GAGJ], where the anticodon of /eu7 was changed from CAG to GAG, thereby altering its recognition codon from CUG to CUC. We
attempted to combine these two mutations by transduction using lev7*(GAG) strain as a donor and AleuPQV/strain as a recipient. Large
and small colonies appeared from this transduction. From PCR and DNA sequencing, large colony was confirmed to be the reciprocal
recombinant as expected, but the small colonies contained both mutant /eu7*(GAG) and wild type leuT [CAG) genes in the cell. This
heterozygous diploid strain did not show any unusual morphology under microscopic observation, but, interestingly, it showed a linear
growth curve in rich medium with much slower growth rate than wild type cell. It always formed homogenous small colonies in the
selection medium, but, when there was no selection, it readily segregated into leu7*(GAG) and leuT(CAG). From these observations, we
suggested that the strain with both /ev7*(GAG) and leuT(CAG) genes was not a partial diploid (merodiploid), but a full diploid cell having
two different chromosomes. We proposed a model explaining how such a heterozygous diploid cell was formed and how and why its

growth showed a linear growth curve.
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leuQ, leuV, leuT) EAst=t] HIsjA, Th 57]9] leu =
(CUU, CUC, CUA, UUA, UUG)E ¢]+= leu-tRNA = 7121 5}
Lho] Aol ofste] AJAbEICE QA 0.2 A4 ORF U]
o) 7} T 0] HIE o} B, o] 5 LES P RNAS S| A%
U 3517, o]of 2 2] W 5ol SJSHmRNA W] 455, A4 E
Sh ) 52 mRNA R 22 e] thil ) ko] o] o]
A =5 % 3 23K co-evolution) 3} S T}

o &5 = o} Thal 2] 7] o] 1A X3 (co-evolution)&ke] 7}
Zre] Ay Aol s Slchu, o AEA ] §AAE The
}%]Egiﬂoﬂk] H‘ioﬂﬂ 7§_<'>_’ Huxl_q ;Hzﬂo] X]—E ol ‘/P—"‘—E
912 oItk ol & Sof thak ¢ REC] mRNA Hol4w
o17re] 1A o v|&f 108 A X w2, 7= tRNA 2] /U—I:Hx%
Fleo A= = APA| Ateof Aol Kol 7| wzoll, Q17
AR tigato]l e 749 ehal o] g &= 33l 5
SHfolding kinetics)2] x}o]2 Ql&f| A7} ¥HAE 4~ ¢
(Quax et al., 2015). o} T AAH A Alo]of| A4 2] 246;,
O] Zfo]7} thtatg o83t It &
= A EA Y] 7 HQlo] %—’FE ‘—%74014 Olﬂiﬂﬂ@"ﬂ

RS S AL

3} 7%, ghal @@01101?_ A3} Slofufol, ol
s} kel A 9 Al oW AR 71 X|=x] erobu
£ 78 Wel o

FAl(leucine) ofu| =AM QFS Skskal Q1= 67119 A
FEE Zo| AFRHIE T 7 =2 AL CUG Z=o|t)h §
L 0] CUGZ 214]5}H= leucine tRNA [tRNA(CAG)] A%}
SHLIE plasmidol] AT FE 3, FAA|A o] gl mE (RNA™
(CAG)E 2|3t #5-5 THE1L, tRNA®Y(CAG) Q] 9Fe =4
ShAA] T oHAd S ke RS XI3skaL Qi o)y
3t AgLo] Azko & Pl transduction- 3F53=1, o] W] A2 ¢}
2 2709] GMAE 263 28 H|(heterozygous diploid) T3

Table 1. Strains used in this study

FAx} SSADE © #3Fe| M=
Ag o] ARg-3t B d 5= E. coli BW251130]1, B A3 of
A A7) Ty —T—ESTableloﬂ A =l o] Q. FAA|

A}o] L -4 22 A A EHknock-out) 3=+ Datsenko 2} Wanner
(2000)9] 1S o] &3k eAet. o wh 41 34 5 AHEFHKm A
4 frAbe Baol ebKm'® §74k o Holl EAeHe FRT
o14] H7] A E(FLP recognition target) 2} FLP recombinase S
0|88t A AT} EakAn]|E pSCI01 origing: 7}A|™
chloramphenicol (©|3} Cm) A3 §HAE 2H=pSU106 =
ghan| = S ofsf v 30°Cof 4] 25 ug/mle] Cm<
AME5I9EE Ampicillin (o]8} Amp) A3 4475 2H=
pSU107 Zetiu] = A-E 913 50 ug/mle] Amp2: A3}
o, o o) HoFL R 37°CE A5k, Betav|= S
E 71914 (RNA™ (CAG) 332 913l A8t arabinose 9]
ZF 5= 0.02%0]t) E. coli +7AA) 9 A+ % kanamycin
A A LS 919 AHEE Km 2% 55225 ug/ml
o,

P1 transduction

t}-&-3} Zro| 4=83} % tH(Thomason et
al.,2007). Donor 2 AFE-SH #3504 ZF2Y S w5 mM
CaCl2}0.2% 32=Fo] 7l LB HA]|ul 2] o] ODen] 0.1~0.2
2 ufj71A] v Ret. of 7] of] 42| AM(phage stock) 100 W= 3
7het % 37°Co| A 3N 7E 4= Aokt 23 a0 22

P1 transduction&

Name Genotypes or Characteristics
F-, A(araD-araB)567, AlacZA787(::rrnB-3), -, rph-1, A(rhaD-rhaB)568, hsdR514

BW25113

Reference or Method
Datsenko and Wanner (2000)

P1 transduction.

SSU0723 Km" insertion at cydB of BL21(DE3) Donor, JW0723;
Recipient, BL21(DE3)
P1 transduction.

SSU500K BW25113(DE3) Donor, SSU0723;
Recipient, BW25113

SSU305K leuT*(GAG), Km® This study

SSU503K Km®, AleuQPV This study

SSU503 AleuQPV This study

SSU306K Km®, AleuQPV, leuT*(GAG) This study
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2EE A7F5t] & 4L 35,000 pmE SELF QAR o]
A5 91-S 11o} phage lysateE THEQITh Recipient 7575 5

mM CaCL®}0.2% *E&=Fo] 371l LB AA[ul 2] of] ODgoo©]
0.8~1.0 & wfj7}2] XIgtufeket 2, 5,000 rpmof] A S 4
3te] AIEZE Hgkt) o] AZE 5 mM CaClhe} 100 mM
MgSO, 7HE), Hjofel 7] o] 1/4 5 o] LB el ]u x]o]] =
St} o] A2 100 plo]] phage lysate 194 100 pl, 1/10 3] A5}
Z 100 ul, 3] of] ARg-5F-8-91(5 mM CaCl,2} 100 mM MgSO4
A71= LB) 100 ul& ZH2F €& AT, recipient $lo] phage
lysate TF €2 Z1-& 37°Co]| 305 W53t} 22t FHo
200 ul9] 1 M NaCitrate pH 5.55 Z7}5}3L 4 o] HE--2 54
AIZLE, A MES &4 ml ] LB 7HS0i 9k AH 8] 22}
ST 37°Col A B A7 A9 3, 1 miS 1} 13,000 rpm
ol A 187 L& ste] A2 E wetTh o] AlZZE 100 mM
NaCitrate©] 501 3)+=100 ul LBof] =21 320 ug/ml 2] Kmo] &
of gl v Kol Zo} 37°Col A 14417k ket 3 T

LeuQPVI7t MRIEl 332}, /euT*(GUG) HO|

A AR of] ARE-3E & AL A -2 Table 20| A 4|5}
Sk LeuQPVE] AAh= 2231 LeuPQVDelFor 2} LeuPQVDelRev
£ primer 2, pKD4E- template 2 A8-5}0] PCRSF & o] PCR
ZZVS E. coli BW25113 (pKD46)9]| transformation}o Km
A ZF2YE ¥ Z PCR F sequencing & &2 SHQ131% th
leuT*(GUG) 59 AlZ= WA leuT?] anticodon CUGE
GUG 2 B9} leuTH(GUG) 7= A 14 0.2 A 2:349]
t} A 2231 LeuTGAG12029} argXIntRevE AF&-5}o]
PCR3}1L, t}29f LeuTGAG12031} argXUP1202& PCR3}
3 o] & 273l argXUP1202 2} argXIntRev 2 PCR3}o] =
27+ Aaskict o2 A shi leuT2] CUG7FGUG R BHA
DNA %742 918 29Ik o] 2718 AITHE A Not 218 o]
8510 leuTHGUG) 2713} yifK-Km 27+ Q72819 yifk-

Km-argX-hisR-leuT*-proME W= &, lambda Red system=-

2% oy

Table 2. Oligos used in this study

o]-g3to] o] 27+ chromosome®] 418+ th Km F Ao
L& Z2YZ PCR3F 3 DNA sequencingd}to] leuT*(GAG)

o 52 FIB YT

OlutH| £ =M

oA w=o] A=Al T1]7] $15ke] 25 ug/mle] Km
o 7hd wiF HAlNA At T E2YE A= ©]
F2UYE 25 ug/ml2 Kmo] 501 %)= LB HFo}o], vk
I 37°Cof| A 180 rpm =2 HPAY Hlj QF o Aek. whA) Ak uljoF el
©] ODgoo 2] Fh A Z2 HiFH ol ODeno 2] F10] 0.057} ==
= s]Aste] HFsho] vl T ODeno | £10] 0.055 A12H0
AIZH O TAIZE o] S5 E 202 7HA 2.2 13471714 ODgoo
O] P& S7gsto] 7155k th 260 A o] A2 HF Bl H7

AL gIsto] T AN F YR 0 B PRSI,

=

2 o

LeuTR| CAG T=0| GAGE X[gt=l #Z= HI=

2] leucine tRNA[tRNA™(CAG)] 8 A= 4717} 3l
Lo, GAA] Aol leuQPY 599} leuT 9] 5 5 A12]of] 214
gt} 2] AEe oA o] F RO A A E AR E e
| 5 50 FAAIE A= WA o2 ZFgskgi)
LeuT 3-AA} = th2 4= tRNA -3 XK argX, hisR, proM)
S8l QAL ZHRNA 2940 27]= 100 bp =2 24
o]7} v %7 wjof| LeuT 3R] AHA = 7k ehs}A] ¢
Skt webA] leuTo] AHA| et o] f-421e] g3+ CAG
A G S GAGR W A7) 7] 2 3}9ich &4 gl-S 3 = CAG
AE BES GAGE HYH FEAo| primerS A|%5t &
o|Z AR&5} leuT th-3-F = CAG7F GAGE 2|3+l argX-
hisR-leuT*(GAG)-proM A2} 228 A| 25} th(Fig. 1 9)).
k2ol yifkek argX A} Atole] Km® DNAS @o] yifK-

Name Sequence Use
5'-ATACCAAACCTGCACGCTAGTTTCCTGATGGACATTTTTCAGCAATTACGTGTAGGCT
i A
LeuPQVDelFor GGAGCTGCTTC Construction of A LeuQPV
LeuPQVDelRev 5'-GAACCCCCACGTCCGTAAGGACACTAACACCTGAAGCTAGCGCGTCTACCCATATGA Construction of A LeuQPV

ATATCCTCCTTAG
5'-CGCTAGCTTgagGTGTTAGTGTCCTTACGG
5'-GGACACTAACACctcAAGCTAGCGCGTC
5'-GCGGCCGCACAAACCGTAACCAAACG
5-TCCTTCAATACGTTAAGGGCG

LeuTGAG1202
LeuTGAG1203
argXUP1202
argXIntRev

leuT*(GAG) construction
leuT*(GAG) construction
leuT*(GAG) construction
leuT*(GAG) construction

&3l A Als2d Al4%
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Km-argX & = 3, o] 52 A23}o] yifK-Km-argX-hisR-
leuT*(GAG)-proM DNA 27F2 A 23+ tHFig. 1 o). o]
ZZF2 Red recombinase S 0]-85}0] BW25113 +#+3F2] A4
Alell 4FeJ3kgick K A 349l = 2212 Helsto] PCR
sequencing2 E3 leuT2) CAG t-3-F= A Lgo] GAG A4
2 RS A=AE ot Bok=dl, B leuTS CAG7 GAG
& 2| 2Hel Fig. 29] AlHA 25 7H& EhIsH3I T o] 27|
leuT2) anticodon CAG7} GAGZ 0] ] o] tRNA(CAG) S
S oFA| o= w5 SSU305K 2} g g 5} Gl T

-

LeuQPV M 2% MiEt

LeuQPV £-9}= Datsenko 5-2] ¥4 © 2 A|A59tDatsenko
and Wanner, 2000). LeuQPVE A| A 5}7] 93l A28t PCR %=

O\, ()

argX-hisR-leuT-proM

O, yir Km Ta @
[ I I

]
o)

Fig. 1. Construction of a strain with leuT*(GAG). This strain was made by
three steps. First, leuT(CAG) was changed to leuT*(GAG) as follows. The
leuT gene with GAG was made by PCR with primer 1 & 2, or 3 & 4. Next
the two fragments were joined by PCR with primer 2 & 4. Second, the
PCR fragment with /euT*(GAG) was joined to the DNA fragment with
yifK-Km using restriction enzyme Notl and ligase. Finally, the DNA
fragment containing yifK-Km-argX-hisR-leuT*-proM was amplified with
primers 5 & 6, and it was integrated into chromosome by lambda Red
recombinase. Colonies appeared Km plate was confirmed by PCR and
DNA sequencing.

WwT CAG

- yifK —l argX} hisR} LeuT} pr0M>— aslB  meeeen

AleuQPV CAG

- yifK —l argX) hisR} LeuT} proM)— aslB

leuT* GAG

- yifK —< aph H argX} hisR} LeuT*} proM>— aslB

leuT*AleuQPV GAG

- yifK —< aph H a.rgX} hisR} LeuT*} proM>— aslB

—yiiZ =

ZF2- oF L-o] leuQ = leuV -3 AL} ©F 50 bp homologous
sequenceS 7}A| a1 Q1 0 5, PCR 7} 4] o]l -=pKD4 Z&}
) =oj| 4 -2l = FRT (FLP recognition target) /] 8 2 &2 &
ol Km Aa}4 5427k 91208k11 ik o] A2 PCR
%712 SSUS00K straino]] &2 Z3kA]|7]™H phage \ Red
recombinase©]| 2] 3} recombinationa A] &= 3} TH Datsenko and
Wanner, 2000). Km A 3}4& 9 #525 483 5 Km" ¢4
A= K §12b0] o Zoll £RI5H FRT A2 01412
4+ FLP recombinase S &8l A 75k} o2 A Al =¥
21 Fig. 2] % v T29} 2] leuQPV 7} 5 A -
& PCRY}F DNA A Q4% 53l &elslal(Fig. SA: lane
3), ©]& SSuU5030]2} g3t

4

PE

HAliRIALO| = RNA™(CAG) 7 ANIE SHHO| 22 KA

leuQPV 7} AA E 529} leuT t)-3-F= CAG7 GAGE ]
T #5E YA RNAT(CAG) B0 B A 5
£ Axstarzt sigich o] & 918 CAG t-g-2=of 4 =AW
o]7} Aojt SSU305K #+F+(Km A &H4))E 3-J A donor) 2,
leuQPV7} A A% SSU503E =3 AKrecipient) & AR&-5}o] Pl
transductionS A| =8} L}. 4282} w0l = 7F2] A tRNA™
(CAG) 35 = 1= pSU106 (CmR) ZetAm| =5 325}s)
1 glof AZFA7HRNA®(CAG) 7} §lo] = AL WA|st

ko 2 WAt E2 Y S-S ti(large) 12| 3L Zx(small)
T 2719 ER2YE £578 4 AAHFig. 3A). A

- yijjZ -<leuV K leuP KleuQ I— rsmC =

1SMC  —

-------- - yjjZ -<LeuV KLeuP KLeuQI— smC =

—aeeeee - yjjZ = 1smC =

Fig. 2. Chromosomal structures of four strains described in this paper. The gene /euT encodes for a leu-tRNA with anticodon CAG. LeuT* indicates a mutant
leuT gene with anticodon GAG. The last strain (leuT*, AleuQPV") does not carry on chromosome any genes for tRNA for CUG codon.
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© GAG
Donor — yifk =< aph H argX)| hisR )| LeuT* ) proM>— aslB
X RO . “RI CAG s

Recipient — yifk —f argx)| hisR Y LeuT Y proM Y= aslB ==—seer = ALcuQPV

Fig. 3. P1 transduction using SSU305K[Km", leuT*(GAG)] as a donor and SSU503(AleuPQV) as a recipient. Recombinants with both leuT*(GAG) and A
leuQPV could not grow because they totally lack tRNA]e”(CAG) (A) Colonies on the Km-plate observed by unaided eye and by anatomical microscope.
(B) Each colony type on A was re-streaked on an LB/Km or an LB plate. Note that cells from small colony formed mixed-sized colonies on LB plate. (C)
Two possible recombinations during the P1 transduction. The cross with R0 and R2 results in a strain with Km®, leuT*(GAG) and AleuQPV,, but the cross
with RO and R1 results in a strain with Km®, leuT wild type and AleuQPV. DNA amplification by PCR showed that the large colonies of Km plate were
recombinants at RO and R1, but the cells in small colonies contained chromosomes of both the recipient itself and the recombinant at RO and R2. The gene

aph encodes for aminoglycoside-3'-phosphotransferase for Km-resistance.

22 FrY 0] AAl 2 Km A& 2l Ql=A1& g<ls) A LB uj oA 231 22 F= Y5 3 d5H3AthFig. 3B).
12}, A 229 22U E FYA|(Km)S Z33E 1wl ILA LB v x| ol A gAJE 31 22 =5 27 SSU308KL,
2|} YA 27FSFA] 92 A ufA]of] v el HokTh 1 SSU308KS = ™™g 3}1L, o]5-5 Km HjA| 2} LB uljA]of] 2|2}
Ayt A Z2UY(SSU308K = g )} off 22 1(SSU309K) & A E 7] 3t Au), SSU30SKL o-5= Km vl | o) A = =}

SKm YA E Ao e BR UL SRS 2R o), LB ulKlo] ARk Aal ek uhE, SSU30SKS @
UEE 2R s34 2 22US 940t RHOIM K X9l LB o A T A5Eo], Km WA o] A= Fig.
Mo GBS SelstedrkFig 3B). ¥Ho] Km Solgl  3BAY AL 22U LB wlo| 4 & ohi 2m 4L 2
A oo WA Aol AaE BeiFglch o) 82U 2UE B4shTh 3 SSUISKSE m SSU0SK e
SSU309K = 4| LB M Ao A 2217} et 2712 A5k & AP 1elo1], SSUS0SKLL Km AgH4-2 9o 0]
O, & FZ2Y SSU308K = o], & F F70 F2YE £ el

HE= A8 A tHFig. 3B). FAF w45 £ 22U E § SSU308K #32] G432 47| Q8| LeuQPVLY} leuT 37
A 8l= SSU309K 2] 72, PCRSF & DNA A& B4 A}, A} o5 Z2Z31 & DNA A Y 2418 519th Figure 4A=
VifKe} argX SR} Ao of Km® §-AApak AFQ %] 31 feuT= oF leuQPV 5-8), 4B= leuT 5215 E-A5E Z1}o|t}. Transduction
AFH(CAG)Z o2& E A5t & g 224 SSU309K 9] it 33+ SSUS00K &} A|-5-wt3+(donor) SSU305K = leuQPV
L Fig 3C| RORIS| Q230 2 Qojxl F52, Sel7k 9l Rolshopyal o 2 Z% DNA 7] ©F690 bpo|chFig. 4A:

W E tRNAleu(CAG) 2] E¢H o= oY itk lanes 1 and 2). Wr-=<5= (recipient) SSU503 2] 73 leuQPV7}
AFA = 9171 diizell, 555 DNA =7]5= °F 430 bpo]th(Fig.

SSU308K #F2| FMA 2A 4A: lane 3). Transductiond}o] &2 SSU308K 2} SSU308KL
AEE2YE Y *éﬁ}—t« SSU308K 5= Km Hj 4] 011*1 L WAFEL leuQPV B-7F hmat 5 4 8S w2 7] wfj&of,
ol Alt) vljoFsl = &3 o] HEHR| Uttt = o] = 71t} SF) 2 430 bp 2 SZ % QITHFig. 4A: lanes 4 and 5). wh

B/ Km HHZMW%&J—-E A Z2ZUE, YA AE %i“ 2hA] o] transduction 2] 77 leuQPV F-9= ol et 2o =

&3l A Als2d Al4%
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2 ik

=2 & LeuT Hf-5-3= CAGE] X2k o 75 2}413517] ¢
3 leuT F-91& S Z3}HFig. 4B). ArgX-hisR-leuT-proM
locus7} oA & Q1 H4tE SSUS5002} HE-=1<F SSU503 7 -$-
& T} 2F 1.5 kb DNA ZZ}o] 2 =] QI ti(Fig. 4B: lanes 1 and
3). Alg-t=SSU305K &] 7% yifK 2t argX 74} Ato]of| of
1.5 kb =71 9] Km G- A7F AF = 21 7] wiizoll, oF 3 kb2
PCR %7}o] o] S5 =t|, A A2} o]t 2 UthFig. 3B:
lane 2). A Z3+t SSU308K 7| donor SSU305K 2] DNAE
reciprocal recombination ©. &2 ZgHlo} Km #3448 21| =
A oF 3 kb Z7}o] ZEE|o]o} g}, 544k PCR 22} 1.5
kb®}3 kbQ] 2 7}to] k5] % thFig. 3B: lane 4). ZF 2%
248,717} 2] Al %, DNA A2 42 s, 3 kb 27}
2 Km-argX-hisR-leuT*(GAG)-proM 11, 1.5 kb =72 ofAY
& INZ argX-hisR-leuT(CAG)-proMI-S LA = ct o]
L SSU308K w37} leuT 2912 = Aok & leuT2 Km®
-LeuT*(GAG) §] 257 7HA AL 1= 264 & HojErh
o] 2uA| w0l A F2] = A Km A& dofHel o5
SSU308KL-2 al|&t 2 argX-hisR-leuT(CAG)-proM (1.5 kb)

0.8 kb

0.6 kb

0.5kb
0.4 kb

2 3Rl Qi) Figure 4, lane 69 AF8-% SSU306K = $-2]7}
A A 2FsFTAF HE AleuQPV e KmR-LeuT*(GAG) &A=}
H= = o=, PCR | 20 & ARSIt} ©] SSU306K
A AF9] leu-tRNA(CAG) A7 5 ¢lofxl o5
2kA 0= pSUI069]| §)+= arabinose promotero]] 2]&}o
F= leuPVol 2]5}1] leu-tRNA(CAG) 7} 3 =Tt ©]
°]-§-3h, tRNA A3t 35-g5fof| 4] o] Tl 2 9Hd 4
SHE =E o= W o 4olth

s

T

AN
T

& BN

A

fr

SSU308K #Z=2| Mz|X EM 2

[ 1A, b A 2
A7EFEH A= 20 AH A= & < gl o] Fe] B
o] Sl A TAlS 1E]aL, Anld A st

tiFig. 5).
BHF SSUS00K = G278 AR, W47t e oz
71 = t27], o ol ARAlITE vl R A] AL f- Aok

A =k AP nidE AR FA4E Holen

B) 1 2 3 4 5 6 M
o E5

2kb
1.5kb

Fig. 4. PCR amplification of leuT and leuPQV loci. (A) leuQPV locus. (B) leuT locus. PCR templates were as follows. Lanes: 1, SSU500 (parent); 2,
SSU305K (donor); 3, SSU503 (recipient); 4, SSU308K, a small colony from P1 transduction; 5, SSU308KL, a large colony derived from SSU308K; 6,
SSU306K, a derivative of SSU308K with AleuQPV and Km® -LeuT*(GAG); M, size marker. Note the two bands in lane 4 of B, indicating that it had both
leuT(CAG) and leuT*(GAG). Unlike its parent SSU308K (lane 4), a single band appeared in SSU308KL (lane 5 of B) with a size of 1.5 kb, showing that

it had argX-hisR-leuT(CAG)-proM.

SSUS500K

"’
-

0OD600

1 2 3 4 5 6 7 8
Time (h)

9 10 11 13

Fig. 5. Growth curves of parent SSU5S00K and diploid SSU308K, and their microscopic observations. For microscopic observations, samples were taken

at 5 h after inoculation.
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(Fig. 5). 3HA1k, 24l 4] 5= SSU308K = o] &3t 5= 7], T 5=
7], 28|32 XA o] =elsl JLRo] TabE| 2] oo W A, B

= HE Z 1AIA Z7F519chFig. 5). A& 9] Ao}
UE AIZE doli7] flsl] 22Y FA TS AlojHote
SHE 2719} v)53 ARFS Holoh Az o] FejolA] Zjo)
7} U=z] ool 7] 98l AE TSAZH A RS e g 5
Fn| 7 WS st o, 27|y ool A ERE ajo| S 2t
As}A] U chFig. 5).
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A ol A] Leu 2= CUG% Q1A =tRNA=47)12] 54
Aol o3 4 Bl o] 52 AR ol leuPQVRHeuT 274
locus = U014 Qlth o] CUGE Q1415H= tRNA7} 24 ¥
HFE THE7] 918l 94 leuPQV 7} AAIE S MeuPQV) 2},
leuT?2)] anticodon©] S o] B FKm", leuT*(GAG)| S 2+
ZREESITh o] FEAHo] {AAE 07| Ql8l| AleuPQV <+
T+ recipient =, leuT*(GAG) -
= RfskSleT, o] Ad Foll =Rl &
of opA Y
Ak

At Ao A= H A2 0] A A= T=A(monoploid) =
ZARITEAL Woj A gt SEA|9E o] ST 24 QlF
Hi x| ol A wjoFet wl<=, Al o2 1] GAA| 7 E- k=
polyploid A e Q1 A= H s 011:} o| = =9 4zotobacter
vinelandiis QiAo 4] vl 75 AA=741/2] phase
o we} Mz A0 A4k 100744 EET YA
(stationary phase)o]] =&31H 23| At LA QL
thMaldonado et al., 1994). 3+ A+ H. salinarum 2] 73-%-
A3zt A 9] 7427118 copies/cell o] of| 4] growth phase
of whe} 24 j=tta ¥ 1% o] Itk Breuert et al., 2006). T
£ —4 5ol 2.af Ao, ¥ auxotroph) -2 1}2] A
Ho| #5-5 W& o] heterozygous diploid 7} &4
v} QltiLederberg, 1949). Lederberg 7} W= 21l 4]
QI A 0 &2 GA|E]X] &Fa1, F= HAA| Alo] 2] recombination
Sz el dofyet. e fRe] el ] go]

H}A 9] reciprocal recombination = T2 A1E H o] F¢]
tHZelle and Lederberg, 1951). 5t Zelle 52 t&ato] WA}
A} 2] o] T3t # 3} (radiation-resistance) 3 =5 B|Ww5}od,
iAol 2ol w2} polyploidE 43815, polyploidiz &
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Fig. 6. A model for the formation and growth of heterozygous diploid cell.
Recombination takes place on a daughter DNA of replicating chromosome
during P1 transduction. Depending on the recombination sites, transductants
would form [I] (R1 and R2 recombination) or [II] (R1 and R3 recombination).
Cell [I] may segregate to cell [III] and recipient [R]. Cell [II] may
segregate into [[V] and recipient [R]. Red slash indicates the cells which
cannot grow in Km-containing medium. For the growth of cell [II] in
Km-medium, heterozygous diploid must be maintained by replication and
proper segregation. Cell [II] may produce surviving Km® cell [III] by
recombination between the two chromosomes, which we never observed.
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Y15 donor DNA = 24| 7} o]n] o] Fo]Z] HEo| reciprocal
recombination © 2 571t} Donor @} recipient DNA 9] 2| =
= RITFR2 (M2 [1] B4), T=R1ZFR3 9] 2 23H( A [11]
B4) 5, 5 71471 715 altiFig. 6). A230] Aol 3 DNA
R 7} L5 H, Al 3Z= FFA] A © & recipient 2} recombinant
T 7Y QMAE 7HAIA ek Al [1]o] FAA &
(segregation)2} A2 -2 A4S 7|9 recipient FHMA|E 7}
T A2 [R]eF A 23 Al [IT]E B/ Sh=tll, Km v Z] o] 4]
= 2] 2 A3 (]9 A} 4= Qloh Figure 3A 9] £ 2247}
HE& o]Folth

HhH ol R1/R3 A 23]l o] sff AYdEl Al [1]7F A A =&
2](segregation) 2} Al| £ EF-S U © 7|, recipientd Al|3E [R]
A Az A E [IV]7FeHE0] A=H, Al [R]2 Km A3+
o] Qlof A, A ZFHA|3E [IV]=leu-tRNA(CAG)E FH3H= &
AAZE 7] diizell, Km v x| ol A & TF AES Z3I 514
T A [R]2 Km gl v oA &= Eat=24 9 2 Apeh=d],
Fig. 3B 2] LB plate £12 streakingo]| A = Z2 Y A= A1 0]
H}Z o]So|th A= R1/R3 A Z3to] Uojd 72, recombinant
@} recipient T GAA| 7} ShF2] Al AL of| F-ES= heterozygous
diploid (A 3 [1I])¥Fo] Km v A] o A A2 4= QLA = FAA]
7} segregation=|H WL 557 = o]t

28R A A3z [IT]9] Ao =afm, Alazr Ag o
U= AR " Hol= o] f(Fig. 6)= 7 72 A 4=
A, A3 [M]7} 7S HA Th2] © 2 segregation©] o]
g 70|t} o|uff E A= leu-tRNA(CAG) 9] F+°] $1A
U, Km A3Hd 842471 ¢l7] wiZoll, & oF Km v =] ol A <2}
A| Rtk whebA] A2 [IT] ol A w52 02 HAA| ZE2] 71 Doj
L A2 o= o] =efan, A e AP o2 Ut
o= Qlek EA, 2004 Al [)7F SRR EALE 3 5 2 Ee
o © A A& 28 A1 F-AISHAIRE HAIE HAA] 9] segregation
o] ZJ2¥s1A] Folhomozygous diploid S B /dsh= 78-7-oIth &
Al T 4702 ot FA A & segregation©] A EsHA Lot
I 3t7e}b-5 Uk diploid & & dalloF Km v 2| ol 4] Ab = Q=
|, segregation © & homozygous diploid 7} 34 = leu-tRNA
(CAG)9] Fgo] YA Km A g o] gl= Al 25 A &
o] Km Hjx]of| x| Z2tx] 1A EohFig. 6). T+ 7HA] 7 &2
T AP AlEZ7F A &54 0 & g5 2| 7] wfiZoll, 4% 11
HZ7F A S d= Ao R 2R, o] F7H 5 o] = Zlo]
WA &2 F o As e Al AARA o = QU 27 HA
O)AFSE A2, A3 [IT]+&= A 23} segregation ©. = Al 3E [111]
£ BT = =l 2= old AukE kS| Rt

heterozygous diploid 1 A 2 [IT]2] 5 & A4 A

2

we ¥ afr
i)

o] RI/R2 Ajz=3}o] dojupw A2 [M 2} [V]E s
Shd), A1 (]2 K 2014 2teh 8] o} 2217} gl
14 0]AFSHA & transduction o] 4] += recombinant A 3£ [111]
A €& 5 Ao AE S AEA= A2 [I]E ¢
2 4= Ak 9 diploid cell [IT] o 4] ©] 2] ¢} recombination©]
T B %] oAl B o AelE vt qlok TR 2ulA|
A|Z0] 7 AMA| 7 2] B A] AL BA|Sh= o] -2 712, Al
oA A2 T2 A ) segregation 5= BT HE o o

sAjo] k.

8 2

h=toll Al 67112] Leu =% 71 &3 51=2 CUG |t
o] BEL 21 4J51 RNAL 47)2] 5707} 2Ja) Talehe
ol|, leuPQVe} leuT 2719 locus 2 L0 4] Qlt}. o] CUGE ¢l
AJ5H= BLE (RNAZF A w75 W=7 918l 941 leuPQV
7} AHA| = A-F(AleuPQV) 2}, leuT2] anticodon CAGE GAG
2 EAWo| A FFKm", leuT*(GAG)|E 22} HES). ©]
F E9Ho| SARE o7 9|5} AleuPQV w5 recipient
2, leuT*(GAG) w5E donor 23}= transductionS 53§t
A3, Z2Y 37|71 & AT A2 A F F579 transductant
= Y8R PCR - H714 QA 24 Ay & S2Y & ST
recombinant = HH5 O L}, 22 Z 2 L]+=donor2} recipient &
AR 710] Ab & w gk Z §Hreciprocal recombination) O 2=
go] ¥7] o=, EARo] 82 HleuT*(GAG) | 2F o8 E -4
Z{1euT(CAG)| & 5= 714 =2 813 %l c). o] heterozygous
diploid<= 33t n|7 © 2 TEFA] A|220] e e}t 27]o A &
o] o] WA E|A] ekqtoLy, G x| ol 4] opAia of ] sl A7
o] okt =2 A, A5 A2 Al(linear growth curve)o] 2=
oAl S5HA] 3t S-S ATk o 28 A o= Al %]
ol Al = B A2 AT R YE FAskl e, v x]ofl A
ERHYA 2 75 leuTH(GAG) -3AH A|222t leuT(CAG)
AR A= Eej7 dofteh 29 A7E S8liE
, O 28I A| 3=, leuT*(GAG) 2} euT(CAG) F-E1H 21| A
2 Z¥= B RojuljA|(merodiploid)2}7] R th=, leuT*(GAG) 2}
leuT(CAG)7} A 2 th2 A A of] = S oujA| et el
S A A FLE 2= o] gt 2u A 7} o B A A= ¢l o, of
DA FeE=A], E o] ot AP ATAE Hol=A
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