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Mathematical analysis of copy number variation of 2 p-based plasmids in yeast cells
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Plasmids with the 2 p plasmid origin are commonly-used in the genetic engineering of the budding

yeast Saccharomyces cerevisiae. Intracellular copy numbers of 2 p plasmids are different depending on

the genes inserted into the plasmids. This difference is thought to occur from the difference in the

growth efficiency (fitness) produced by the positive- and negative-selection biases of genes inserted in

the plasmid. In this study, we made a mathematical model based on this assumption. Computational

simulations of the model validated that copy numbers of the plasmids are rapidly settled depending on

the fitness created by the gene on the plasmid. The copy number of a plasmid only contains a bias to

keep the plasmid in a single copy became average 20 copies per cell when the plasmid is randomly

distributed, suggesting that no positive distribution mechanism is required for a plasmid to become

multicopy.

Key words : yeast, 2 u plasmid, mathematical model

#

AR DNA 2 &) EY OFERE 2 fil3H 3 2 i {n T 15
TlX, K DNA DIEFEANOBEAD7DIZLIELIET S
A3 REMENL/NGTO DNABFHWSNE. T A
I NRZ L DOBETRIRT, MEOMBANTER T -0
OFBF LR, 7T A3 FPEA SNzl @B %
72ODFERY — N — BT E2FFD. KBRSCENZ LD
EEAY CHRIZTLERIIAVONL TT A3 FiE, £
DL O ZDHENFREONEMNED T T A I FERYE L TE
ENTnD T ENE . HEERRE Saccharomyces cerevi-
siae D2UTIAIRLZFDELIRTITIAIRND]LI DT
H5b. S cerevisiae \21E, 20 7T A3IF (2um DNA,
2 um circle) &FFIN 2 BRIRD DNA ASWIERIICHFTE L
TWaY, 2u7I A3 FIE, ZOFEEIEIMETH 5
S. cerevisiae |2\ 7 HFG D G- 2 2 W FICH 72 DNA |
ThHhhHEEZLNTWAS, 2u7TAI FIIEEOER
A VIS THIET 5. ZoiEx, o—1) » 7
A7 NWVHEENZ L > T TbN A 720, 77 A3 Fid 1Ml
T4 a—fbd 52 &ATEDLYY. u—1 v 7 A
7 W K BB, Flp 2Mikit5 2 79 A3 ForFHA
AR AR Z T & &L o TEL, 7IAIN
Flca—FENL3HEEDY X0 e L2714 —F
Ny 22X IHIsnS. 512207 T A2 Fid, STB
EIIE S DNA % /i L T EORMmRICHEA Lz
MO ZEICARL S N5*Y, #ERELTTI A

il

FOMIBANO 2 ¥ —$13500 ¥ — R IC B ICHEE S
5.

2u 7T A3 FOEEE S % &t DNA WA 15ER~
— N — TR ST T A3 NIRRT
V=RV EEICHERR SN D 720, BRI O BT
THEHDOTITAI RNy =L LTHHENRTEY, #
& LT yeast episomal plasmid (YEp) &FFIENTwv
Y YEp 79 A3 FiE, WEMD 21 79 A3 K
O Flp i#sH (FRT) # REL TS, fE-T, D
759 AINEa—Y YAy VHEIEET, BEO
DNA & [RBICHE & 72 0 2 o) 1 7 )V % #
5, 74— Ny 7 EH LI —EHIELFEL TV
BWEEZLNDL. ER, 4% YEp 77 A3 FOMNIE
NTOFEa—HuE, ZZIHlARF N DNA OF
BAEITTINS20a =, %), 2 ¥ —EHIEAAE
THNAMED 20 3700 TFTAIFEREL R DY,
YEp 77 A 3 N Td % pSBI40 X pTOWug2-836,
pTOW40836 DB D 2 ¥ —=Hd, 75 A3 FED#E
(EF D R AFTHEIS U CEHT A7), oMy

Received September 25, 2019
a) AUAZAEERE REESFEHRR
(Graduate School of Environmental and Life Science,
Okayama University)
b) EILXZ ESFRExHmAEIT
(Research Core for Interdisciplinary Sciences,
Okayama University)



8 Fa Z 1%

AT HE, 7RI FICHARALEETOIE -
AR T B, FHTIAI P
FIRIEL T LI THICE A, MIZIE, af v AR
W LEU2O S T 7 ) )V leuld 73l A A F
72 pSBI40% LEUZRIBOBERHHIIEA L, & O
UL YOHLIEME LTRSS E, 7T A
IFOIE-HKIZZENENHKH L0 E—L 227 2
3, leu2d OVENEIE L TT I A I RO I E—Hs
TETHIL2EBRT L. —F, TOTTAI FITERE
SEHDHIEI SR E 5.2 D En TR ARADL L, T
AI RO —HIIZOEREOESGNIZE ) TS,
Bl 2 1L, AR ORI 1 Cd > MCMI % HEHy#Ein T
ELTHIAAATZ pSBUOD I ¥ —$ik, uf v DdH5b
B e W TENENTFIYL 34119 — L7
L, BAYYDEWEHTO I —ERED X H =X L
1, leu2d \2 X B A= ERORINE L, MCMIHF
WX BUERHHED S 7253 I VKT E0RINE L 01
frick2dbneEZoNL. EEHLIE, ZoHfEFH
L CHRE 58 (5 00 8T A M | T3 Bl B D A %
T LEMFEL, ELRT2%0E (gTOW) 3] LT,
INFTIZS. cerevisiaze DITITTXTOEEF(5,700)
IZ2WT gTOW IS L BT 2T LT Y. F72,
3 EERE Schizosaccharomyces pombe 128\ >TH gTOW
2% BASE U 0 B ik (= T O RAT % 475 7210,
gTOW D EFIZ 75 2 3 KO & Mo 1k %
MR L7ZZUTOETFTIVCTHIATE S, ZOET VORI
1%, sTOW IO B WL TIAI FHPLaE—-ThH D
WMERIEHLOE % b o TIRMBICARSNSZ L TH
5. XD XOERELLLHOMBBOTR T, RO
MHE A G525 —HDT T AI FE L OMiEs, E
FTWIIEEL 79 AI FEHEBLC, 2oa -k
WTIAI R OTRMIEZELSEL. INDNDY

FILKZRZFEFME®RE  Vol. 109

BENDZ LT, RHMEMPFEOTIAI FOaE
— IR RO EE Y 52 2 A —HIIPRT 5. 2
DETNVIEYED 75 A3 FOWE D HEENICEZ 72
boOThHbH. AW TIE, ERLOHED S gTOW T
RoNb7TIAI Fa¥—KoOLH - JURBEH»AE L %
PRI T 72012, 7T A3 FE LS,
TTAI NG Z LM OE G GHIREE) & AAA
ATHBETIVERBEL, IhrxHuREH 32
—Yarifiol. FTORE, WHEEOZERERE %
V20T IAIRDL) LT T AI NI, MAarE
N7 EETHG 2 A ESEIC L VEMTO TS A3 Fa
V—HEr BB S EE2 02 EDMErDO LN, &
LIZ, YT NG ENDETIAINE, TITAINR
HERRDFRINTF DA T202 ¥ — 2 E 0P o ¥ — B4
SNHZEHHOENE R ST

il &

112, HEELZHHEETVOMEZRT. S OHH
EFIVIE, Sand HOHFETF NV EZELES Oy — AED
HCHRBEEEZLDTH LY.

BB O YEp 7°F 2 3 P, MiFa iG> Tk
DMzl EIRET S, 1) MEROTI A3 K
13, ARIIC DNA oL b v 2 fFI2IR S L 5.
2) 2MBICHIRE N7 T A I FIE, 520N B &
WHIEIC S v Az Ens. 3) MENO 7S 2 2
RV —H0ENDSHEOBIGE IS ENEE L S5,
1) &0, DNABEMOMBNO T I AI Fa¥—K
(N,) EH#EBZOZEN (N) ORRE,

N =2N,_, (1)
EERFTIENTESL, 2) I2BWT, Na¥—n7J 2
I Fefio -2 L, R 2 ¥ — oI A L
LEE 7523 FOSEIL,

Daughter Cell (dt)

Mother Cell (m)

Cell growth

Fitness = f(N,)

Replication
N =2N,_4

Assumption: Plasmids are only duplicated
(not amplified by the rolling cycle replication).

el

Cell division

O ) (— Q0
R

Probability =

Wgly + W(?vt—R),N
2 Zg:o WRrTILV

Assumption: Plasmids are randomly divided.

Fig. 1

A mathematical model of 2 u plasmid distribution.

The detail of the model is described in the Methods section.
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A. Time course transition of cell population
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B. Time course transition of mean of copy number

0.10 4 1,000 1004
0.08 4 5 804
Q
1S
o 3
8 0 tion S
5 0.06 genera 2 604
o [*]
% o
[
e )
3 0.04 %
2 S 401
=
0.02 A
201
0.00 A
T T T T T T T T T 0 T T T T
0 25 50 75 100 125 150 175 200 0 200 400 600 800
Copy number Generation
Fig. 2 Simulation results of the 2 u plasmid distribution model.

A. Time course transition of cell population. Generations are indicated as the numbers.
B. Time course transition of mean of copy number. The simulation was started from the average 100 copies per cell.
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Fig. 3 Simulation of the plasmid distribution with a gene whose overexpression causes weak fitness defect.
A. Selection bias and growth efficiency used for the simulation. B. Time course transition of cell population.
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Fig. 4 Simulation of the plasmid distribution with a gene whose overexpression causes weak fitness defect.
A. Selection bias and growth efficiency used for the simulation. B. Time course transition of cell population.
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