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i E: [B0] 5ESARABKRAL, HBEERARKEFTER L5009 NEA KA 7k
By 5ok kik, AT DNA B A EmsEfRE. Riv, BRI HAHTERDT
SLAGOBE R 09 5 B A Uk, LB SNR KL 69 R A R A AR T CRISPR/Cas9 49 3L B 28 4 #47 F &
BHELSFTART R, ZLANLEHLEREERG—ANAETEREA. KRB AMERLILL
JomrEE e B A ik, BAFENRARGEREFARALERE L T EEN. [Fx] Ao Ha%
Jo. B K R R BR R F B X B (phenylalanine ammonia-lyase gene, PAL)Y < f6 4 /249 B £ A 4| 5
%] (autonomously replicating sequences, ARSs)# /T2 A £ AE, iz KB A LT iaf 7 7 A7 58K
¥, MEI|FH B+ R A F R BRI A S A E (B-isopropyl malate dehydrogenase gene, LEU2)#9 /i 42
¥, B WA 7 AN LEU2 KR Sk s 0h B S A F0BE B b, ARIBEILECE SRR T iR B e
—/A~ ARS. Hk, A% At AT K B AR BR & A B (geranylgeranyl pyrophosphate synthase, GGPPS)
89 BTSL AR A akirye s, HFiL ogRNAMEI AT ARS 09 B A ki, @ id4T AN E
TACRIIEZ 3 B B R A L R B T | 4 4 FaB8 49 CRISPR/Cas9 k% . [4 R ] K TAEE T
T H A Tam ) ARS, M T AT ARS Ay B A fiks, ¥k AT /a4 Tantd
CRISPR/Cas9 #h %, RAHFATATHBER A ERAG, [44] AT FE T BaLion
FRAG T LA, HRLLATOBRENSRENF L ARBET BRI IEMPBEAR L.
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Isolation of autonomously replicating sequence and gene
knockout using an episomal plasmid in Rhodosporidium
toruloides

GUO Xiao, SHI Shuobo’

Beijing Advanced Innovation Center for Soft Matter Science and Engineering, College of Life Science and
Technology, Beijing University of Chemical Technology, Beijing 100029, China

Abstract: [Objective] Episomal expression vectors typically have higher copy number to
achieve strong gene expression than chromosomal expression vectors. Moreover, they are more
convenient and flexible for DNA manipulation. However, the episomal plasmids suitable for
the application in Rhodosporidium toruloides remain to be determined, and the expression of
heterologous genes or CRISPR/Cas9-based genome editing needs to be achieved by integration,
which is a key reason for the slow progress in its genetic modification. Thus, this work aims to
construct an episomal plasmid of R. toruloides, which facilitates the expression of heterologous
genes and promotes the gene editing in a time-saving manner. [Methods] First, the possible
autonomously replicating sequences (ARSs) in the phenylalanine ammonia-lyase gene (PAL) of
R. toruloides were mined. Specifically, PAL and its upstream and downstream sequences were
amplified in segments and constructed into a plasmid containing the B-isopropyl malate
dehydrogenase gene (LEUZ2). The recombinant plasmids were then introduced into
LEU2-deficient R. toruloides by the electroporation method. An ARS was then identified
according to transformation efficiency. Then, the BTSLl gene encoding geranylgeranyl
pyrophosphate synthase was selected as the knockout target, and its gRNA was constructed into
the episomal plasmid based on the identified ARS. The color change of the transformant was
observed to verify whether the episomal plasmid was successfully applied to the CRISPR/Cas9
system of R. toruloides. [Results] In this work, an ARS was identified, based on which an
episomal plasmid was constructed and applied to CRISPR/Cas9 editing in R. toruloides.
Finally, the episomal plasmid-based gene knockout of R. toruloides was successfully achieved.
[Conclusion] This work enriched the existing tool library and provided a research basis and
technical support for the application of R. toruloides in synthetic biology.

Keywords: Rhodosporidium toruloides; autonomously replicating sequence; episomal plasmid
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58] 21 4 0 1 B 2 — A BT o 7 Jih g A9 AR AR X
Wbk, gefg 2R B S 4T 5 70% AR,
A5 A [ 4 i it 2 A5 iR A2 s 28 MR i
PR ZSIRARL 54k 25 o IRl IR W] 1 i ik
PRI, HXS AT £ 4 2 K A i 01
WO PRAFREVEY) LA KRB, BA e —k
HAT 7 Tk i FH AT S = ms ak 2. B,
HPIE LR S B 41 A AR I B 3R AR R S SR
ik, 3 [R5 2 A AR IR e Bt A B L
R, 120 R Rese Mg nibl )32 i S,
HZIT WA E R BRI A . RPHE R
e 300 7 3 0 0 8 e i L)

H £ & il ¥ 4] (autonomously replicating
sequence, ARS)JE: & UL %I 25 1 JOkr i) — N A%
OIIREICH:, BRI LUS SRS ], J& DNA
SIS, TP EHEL, 8%
SLIR 40 DNA Fiiz g AL ok i &2 il R 21 498
P B e g USSR (A A T LGB IE) 1985 4EE,
T2 AR 158 21 A 90 P 4 1 2 2 2 2 e il A K]
(phenylalanine ammonia-lyase gene, PAL)F4) # 3
FRLH, AT DL i i BRI B A AR, 5 PAL
LR AT BEAEAE ARS, XN AT REVE M AT E
e R O TERERE R A, T i T ARk
Fo bRz A, BIHAECNIE, ©BRA LTI L
A0 TR Ui 1 A S5k K EL BT P ) A DG 4R

ARG ST AZ I P21 4 B BE ARS Joft,
MR T B4 A e bR i s B ook, IRk —2P
o3 - A A £ IR el A W S Y = S B 1)
CRISPR/Cas9 4t , IS BL 1 Gt it I S A
e FE B IR & B (geranylgeranyl pyrophosphate
synthase, GGPPS)f#) BTSL Jt [ Bk . AHF5Y
485 Ay (53 21 2% A I R A SRS R Ui 5 AR B R 3R
KRG IRME T RS, il REis A
CRISPR/Cas9 RGEMAT LI i f it T8 &
I )RR

<l actamicro@im.ac.cn, & 010-64807516

1A

1.1 ##
1.1.1  &Etk

ASCrh BN R R 214 B NP11, NCYC
1585 1 NP11-SpCas9 FE ik 751 #2420 K%
I 2 R AR AL iR ) FLARRAE L2 1.
1.1.2 EFERIRF

P B 4 B & 1 W i % B (yeast extract
peptone dextrose, YPD)}5 323 (g/L) . BEEEHS 10,
E M 20, #iZE 20; LB Ki##3k(g/L). BHE
M5, BEEFME 10, S48 10, TE %W (g/L):
SRPILEIER L 1.21, 2 EIUZER 0.29,
pH AT E 7.5; BRI AR BUR : 2%
i X-100, 1% ZEe LR 4N, 100 mmol/L 54
AN, pH {E>~ 8.0 Y 10 mmol/L Tris-HC1 2% i ,
pH {4 8.0 A9 1 mmol/L Z -} VU & R W
1.1.3  FENHE

H#51% . PCR {¥, Bio-Rad /A 7 ; NanoDrop
One #I M 73 i 43 Y& Y6 i, Thermo Fisher
Scientific 2wl ; fb¥F &K IR R4, Azure
Biosystems 2\ A .
1.2 RERNARFKIERF

Golden Gate FulE W AR FR . e IS EEJR L
B A lifk AR Bz, Bsa© B il 4 P 1) i
1.6 uL, T4 DNA EA&TF 0.4 uL, T4 ZZER
0.2 uL, INJCH /K ZE 20 uL 1R4] . A2 37 °C
30 min; 37 °C 10 min, 16 °C 5 min, 2w 154
PEH; 16 °Ci%4% 30 min, 80 °C°Ki 10 min,

NEBuilder b F& 52 W AR 2R - $i BSE EE IR L]
INASEAL 2R AR F - BE, 2xNEBuilder &/ &
DNA ZHA3E TR 5 pL, IIJCIE /K 2 10 pL IR %],
F 50 °CJZ 7 1 he

FN S8 AR R AL KA DHS e 852 245
iR, FFIRATTE S A MNP RN LB BT
M b, BRI TR — s
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R 1 RSCUERT A A BRI AN & AR

Table I Plasmids and strains used in this study

Plasmids and strains Descriptions References
PO AMpR-Ori Lab storage
P1 AMpR-Ori-LEU2 This work
P2 AMpR-Ori-LEU2-F1 This work
P3 AmMpR-Ori-LEU2-F2 This work
P4 AmpR-Ori-LEU2-F3 This work
P5 AmpR-Ori-LEU2-F4 This work
P6 AmpR-Ori-LEU2-F5 This work
P7 AmpR-Ori-LEU2-F6 This work
P8 AmpR-Ori-LEU2-F7 This work
P9 AMpR-Ori-LEU2-F8 This work
P10 AMpR-Ori-LEU2-F2-1 This work
P11 AmMpR-Ori-LEU2-F2-2 This work
P12 AmMpR-Ori-LEU2-F2-3 This work
NMS810 Rt 5S-(tRNA-Gly)-gRNA scaffold-(tRNA-Arg)-T;ss Lab storage
NMS810-gRNA1 Rt 5S-(tRNA-Gly)-gRNA1-gRNA scaffold-(tRNA-Arg)-Tssg This work
P13 AmMpR-Ori-LEU2-F2-2-gRNA1 This work
pZPK-pPGK-BLE-Tnos pPGKI1-BLE-Tnos [4]

P14 AmMpR-Ori-LEU2-F2-2-gRNA1-BLE This work
E. coli DH50. SupE44 lacU169 (¢80lacZAM15) hsdR17 recAl endAl gyrA96 thi-1 relAl Lab storage
R. toruloides NCYC 1585 MAT-A2 |eu2-ino 9]

R. toruloides NP11 MAT A1, haploid strain [10]

R. toruloidesNP11-SpCas9  MAT Al, haploid strain, NP11-pPGK1-SpCas9-NLS3-Tnos [11]

Strain A1l R. toruloides NCYC 1585 with plasmid P1 This work
Strain A2 R. toruloides NCYC 1585 with plasmid P2 This work
Strain A3 R. toruloidesNCYC 1585 with plasmid P3 This work
Strain A4 R. toruloides NCYC 1585 with plasmid P4 This work
Strain A5 R. toruloidesNCYC 1585 with plasmid P5 This work
Strain A6 R. toruloidesNCYC 1585 with plasmid P6 This work
Strain A7 R. toruloidesNCYC 1585 with plasmid P7 This work
Strain A8 R. toruloidesNCYC 1585 with plasmid P8 This work
Strain A9 R. toruloidesNCYC 1585 with plasmid P9 This work
Strain A10 R. toruloidesNCYC 1585 with plasmid P10 This work
Strain A11 R. toruloides NCYC 1585 with plasmid P11 This work
Strain A12 R. toruloides NCYC 1585 with plasmid P12 This work
Strain A14 R. toruloides NP11-SpCas9 with plasmid P14 This work
1.3 B2 B ERFH DNA 25 FLRGT - P21 A f R B 280 PBS 2% ik

R 214 B FE N 4] DNA BU3RBOTIAELE AbF . BUEEBRMEE | M- 07 - e (25:24:1,
PRI By /8 07 $R O MR B B EAT TRy RRRLDAIER . 100% L BEUIVE . 70% LBV |
O, SN T BB BRI B A X — 4R . RBERRTR T A PR IS K PRSP IR S, R
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T 50 pL KW, FHORAFT 20 °CUkAH .
1.4 JRAEIHE

JEORL PR A, 15T, DA 2T A A i B
N4 DNA WA, EF0HEs B-5 P9 3ESE R iR
it & B H 5] (B-isopropylmalate  dehydrogenase
gene, LEU2, 1 573 bp). FEEZwfi5 X % 500 bp
(P 5 (VR i s 1) AL B 4 i X g 200 bp
FPAN(VE M2k )R — B IR Iy 41, i35 14 4
W B AT 1S . BI43I Ll LEU2-1F, LEU2-1R
il LEU2-2F \LEU2-2R “A5(4), §4# i Bt LEU2-1
M LEU2-2, A5, 5t Bsa I BP0 S0 T B
J5OkL PO (% JotF Ori-AmpR)AH Golden Gate 1)
A R P1 (%A Joi4 AmpR-Ori-LEU2).

Fiki P2-P12 MR, @t 7E NCBI Mk
(https://www.ncbi.nlm.nih.gov/gene/) I~ kb X} ¥
H, $EN T —B 20 kb MY RIZLAREELE PAL 2 FHL
ERWERRA, ¥ 5k 8 Be, BEECAH 500 bp
RG], 47 ldr 40 F1-F8. DAL AT
BEIL[N 4] DNA SR, @it aam sy,
BN IG X 8 AN Beo B iR HAS A
Bgl II FEYIf KL P1 H, JH NEBuilder 21 %% )7
PRI R P2-P9., HETRE F2 B BedfR 3l 3 4
/NREBE F2-1, F2-2. F2-3, FFEFER 7 ik e
BBk P1 Hr, 53 Bk P10-P12,

ki P13, P14 WM. w5, ®It5|W
gRNAIF fil gRNAIR, H Wk fEAR, 3815
#] gRNAL1 J#51, F Golden Gate {95 7K HAY
A5 NMS810 iy I, 7551 NM810-gRNAT Jiiki .
PR BB AR, 10115 |49 gRNAF Fil gRNAR,
PIG53] gRNA kK £ (5S rRNA-tRNA-
gRNA1-T;ss), FJ NEBuilder 41 % 265 1% gRNA
LR G AF R P11 Y Bgl TEGYINL S AL, 55
ik P13 (AmpR-Ori-LEU2-F2-2-5S rRNA-tRNA-
gRNAT-Tss5)0

<l actamicro@im.ac.cn, & 010-64807516

PLJgtRE pZPK-pPGK-BLE-Tnos™ (3¢ 1)
Mr, %3519 BLEF Hl BLER, 147153k
BRI RIKG Poa-BLE-Tho, AEHIZ N B
JH NEBuilder £H % A4 @ 51| Bikr P13 /Y Bgl 17
YL Ak, 1586075 gRNA il BLE ik & i
. P14 (AmMpR-Ori-LEU2-F2-2-5S rRNA-tRNA-
gRNA1-T;55-pPGK1-BLE-T,os) o 3556 3 72 &l 401
Bl 1R

ARSIV T B BORL AR AR L 1, BT
BI5IH E S PE L ST, FORFES L3 S2, A
Bt FI-F12 J¥5 IL3 S3, gRNA J¥31 3% S4.
2 S1-S4 Bdlafits e Z A YRk Bdis o
(National Microbiology Data Center, NMDC), %
5 NMDCX0000241
1.5 EaxmiEadafid

i SCHR (13140 18 A 7 12 1 45 58] 21 4 76 i
BRGS0, AR5 ) 100 pL J8652 245 4 i
HMA 2 pg DNA, EHEEHEER 1400 V,
BB 400 Q, HLZN 25 uF. B BIImA
1 mL YPD 5323, J£7E 30 °C. 250 v/min i &
2h, HHET . &EEOBUEERE, AR
JE VAT T AR AP AE R PP F AR E0S TR B A
Mr b, T 30 cClARP RS 2-5 d BT B,

2 ZRE5H®

2.1 [EOIZMmELHEBTE ARS 2R

T SCIE A SCHR[8]45 H X PAL B B e G
YINLSAEN R HEA, RE T2 20 kb MR K
B, %A BHEE PAL BEH R H RS, 8
BT AR A5 9, DA R 21 4 At P B 1 A T
Pk NP11 B2 DNA gt , it PCR 43 8 B¢
P T BT A, AR B BE 3 000 bp,
T T A4 DNA J B Z [E] (4 500 bp & &,
Fr By il 4 F1-F8 (K 2A).
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Plasmid P1

R. toruloides NCYC 1585

_—

ol

PAL
20 000 bp

‘ ARS identification

—>

SC-LEU

R. toruloides NCYC 1585 ‘ I '
» | {

Plasmid P11
AmpR
SC-LEU
—
R. toruloides
NP11-SpCas9
L e— | (]
AmpR
YPD+BLE

1 ARAEREE
Figure 1

Workflow diagram of the research. Ori: Replication origin of E. coli; LEU2: The gene encoding

B-isopropyl malate dehydrogenase; AmMpR: Ampicillin resistance gene; PAL: Phenylalanine ammonia-lyase
gene; ARS: Autonomously replicating sequence; BLE: Bleomycin resistance gene.

HR, At 7 —A~THR PL, &
% Ori J¥41 . LEU2 LR FX & . AmpRITE
R AW Bsal BEYIALAL, Jr (8 528 7 Beiy
A, ORI R L 3,

RIG, B LR 1S 8 > DNA R Bt
(F1-F8, BERZHL VKK LR 2B)43 51l 20 25 5] ik

Pl H. 2k, —DA[REHE ARS BYFRIRBORL
SCHE(P2-P9)F 1 L1 (8] 2C).

AR LA BEd, R 2 . SRR
A T o R AT R e A1, 07 R
FWiB: T-DNA Al 5 B A BIEE RS R 4
b RRESE R T ORI A . SR LA AL

http://journals.im.ac.cn/actamicrocn



888

GUO Xiao et al. | Acta Microbiologica Sinica, 2024, 64(3)

A PAL
B
bp 1 2 3 4 5 6 g8 9 10 11 12 13
5000 — s -
3000 oo W o e e ay W
2000 — -t ¢ T oy
1000 — et
10— .. 3 000 bp pr :
500 — T
200 — 1200 bp 1 200 bp
100 —
825 bp
C D

Plasmid P2 to P12

AmpR

B2 ARS B%&%E

Figure 2 Identification of ARS. A: Divide the 20 kb PAL fragment into eight fragments from F1 to F8 of
about 3 000 bp. F2 fragment was further divided into three smaller fragments-F2-1, F2-2, F2-3. B: Agarose
gel electrophoresis of amplified Fn fragments, n=1, 2, 3...8, 2-1, 2-2, 2-3. Lane 1, Lane 10: DNA marker;
Lane 2—-9: Amplified fragment from F1 to F§, 3 000 bp; Lane 11: Amplified fragment F2-1, 1 200 bp; Lane
12: Amplified fragment F2-2, 825 bp; Lane 13: Amplified fragment F2-3, 1 200 bp. C: Schematic diagram of
plasmids P2 to P12. AmpR: Ampicillin resistance gene; Ori: Replication origin of E. coli; LEU2: The gene
encoding B-isopropyl malate dehydrogenase. D: Transformants on SC-LEU medium after the plasmid P11
was transformed into LEU2 gene-deficient Rhodosporidium toruloidesNCYC 1585 by electroporation.

FOR BB K S IR I A R B sl 2 Boks B ML EE 5 3
i, B DUAS SOR T L G A0 8 5 e 5k 26 Jot
KL (P2-P9) T A BB 21 A4 £ NCYC 1585 &
e, WARTE SC-LEU F8 55 e 8 [ {4 1% 5

P4 actamicro@im.ac.cn, & 010-64807516

3 F. BF NCYC 1585 itk E LEU2 FE R B G
UG ME, BT LA BB ok AT AR A 25
e PR BR AT SR AR, I AT AR K Y
ST BB R T B ROR
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Plasmid PO

Bsal Bsal \

Bsal Bsal Bsal Bsal
> —
Fragment LEU2-1 Fragment LEU2-2

B“m DNA ligase

—>

Plasmid P1

B3 Fuh P1B9#E I

Figure 3 The construction process of plasmid P1.
AmpR: Ampicillin resistance gene; Ori: Replication
origin of Escherichia coli; LEU2: The gene
encoding B-isopropyl malate dehydrogenase.

RN, ERURL P2-P9 Hh, HAW ok P3
(B4 F2 i B AR 21 & f i 5] J5 , 78 SC-LEU
BIRREFREE B 13 DNERTERER ), DRt
F2 i Bh nl RE A & IR 2T & e B9 ARS 7471 .
R T HE—A4 ARS BUKEE, ¥ 3 000 bp 1Y
F2 FrBedkel4y i 3 4~ DNA FBf F2-1, F2-2,
F2-3, A4 HBEZ A4 200 bp EE P41, It
B eATii AR PLERLAY Bol 1T EYIA7 540, 15
F| 7Bk P10-P12, 55K, JATH R P11
(5 F2-2 7 B AR 2L A& H B )5 , #F SC-LEU
AR 772 3 EAT 22 AN ERE K (] 2D) ik

BORLE P3 BEA IS, FIBESEM T4% T ARS
DNA JPHIRK AL, s/ 1 Bk K/ o
I, i LR iRk, R T — s il s
TEPER) 825 bp M F2-2 H Bt 4G A SERE
RS o BE7E N 1 — TR 43 BERERY) ARS HfEAE
14 bp ML FH, HPEE -8 & AT 5
JEARST 4] A(T)TTTATT (G)TTA(T)!M 1, iiif 55
— R, USRI AR, H ARS HIK A
R DR ST A0 AT RE B T R 2 4 At i
B G+C SR, R 62%!", FTAIRA
1E1% ARS I EE & AT W% O AR 41 o R
B ARS IRERY /N RK/NA 100-150 bp,
M SE T 2 B R ARS IHRE AU B /N KNy
500—1 500 bp!'®, %KLL 4 HEAHY ARS N
825 bp, &b tbxfodr, JHEA KIZIT A
HoAl B C A 19 ARS A R R S AT 51
HWk, BLEIGE P11 Uk B 41 A& fu i
BN IRRIE LA AT . B, ARt
T —AV0 B W2l AR AR S 1) 51 0% ) PCR
K 4A), —XF 5195 BoRiRY Ori XIE5 4,
H—=Xt51491Y5 LEU2 FH MG shF XIRLE 4 .
PEIUIR 21 A AR BB R AR AL Y3 R 4191 LA
i PCR 54, PCR A5 I 45 SR I 7 Jf B 44t i v A7
TESE IR TR (R 4B), FBIAHFSE 5 1)
JPH] F2-2 407% ARS s, AR 4 1
e H FROBR SR G A T AN A
2.2 [E4T & 70 B B0 55 B R B 12
CRISPR/Cas9 1 —Flgh 5 % i [5] 20 Gt 56
TH, B ml, LA R b s o
FATER 21 4 A et A U100 ph 5 20 A Al i B
H AT B Foe 8% il B R Bk, IrLL Cas9
H1 sgRNA Fib S # el il AR AT i 5t st~ 5%
EBENLEE A B RA d, XATRE BN TG
DL LR IS, A — SRR . SR
RPN FOEACFERT 2, 50 K — AL TR
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AmpR promoter

B | AmpR B
bp 1 2 3 4
5000— W & 4— 4984 bp
Primers test 2_ 3 000 —
Primers test 1 2000 — g . 44— 2608 bp
i 1000 — w = L—
Plasmid P11 _— 750 — 2350 bp
B 500 —
200 —
100 —
/ Up 500 bp
Down 200 bp
| Primers test 4
LEU? Primers test 3
4 EOIXMEFEK AL PHEEERE P11 AR

Figure 4 Characterization of the episomal plasmid P11 in Rhodosporidium toruloides strain A11. A: The
map of 4.9 kb plasmid P11 and the primer pairs for PCR detection. B: PCR detection results for the circular
plasmid of P11. Lane 1: DNA marker; Lane 2: Primers test 1 and test 2, 4 984 bp; Lane 3: Primers test 2 and
test 4, 2 350 bp; Lane 4: Primers test 1 and test 3, 2 608 bp.

SRR I E] s A S R R AR RCRIRR, A& S
41 4 fil i1 CRISPR/Cas9 RGLHIERAE, FF LA
A GG L A 8 P 2 R R g FH T R 414
T EEEER) CRISPR/Cas9 R&GEH, I iEILE Ak
A5 sgRNA, T S 3 DX 4 48 ) H 1Y o
[RIZT A FEBE ] ARG B-I 3 bR, Xty
SEAERE LT AR . AR, B
FRECACH B-EHE DR A a4
LA BER & B (geranylgeranyl pyrophosphate
synthase, GGPPS)f#JJ&[H BTSL, ks BTSL J:[HAY
R 21 2 f e Bl s PR 2078 O 8, . 78 NCBI Rl
(https://www.ncbi.nlm.nih.gov/gene/) I #k 15 1% 4t
K3 o I A B F X T T — gRNA,
Bl gRNAL. FHHFALT R gRNAT FIER
BEPUERFRIXANTR. P14 (AmpR-Ori-LEU2-
F2-2-55 IRNA-(RNA-gRNA1-Ts55pPGK 1-BLE- Ty,
& S)F L AL D AL IR 2T & f %R NP11-SpCas9
AR, IE TR AT TETT A R R PUER YPD i
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Ve b, B RIEE A14, dhA7 89 DEATERE
Hrbfy 6 i, mlREEN 6.7%. [AlEHF
JEORE P14 38 32 R FF TR 5 Ak 1 5 1 5 A R 4144 g
P £: NP11-SpCas9 Bk, WA ey A Hok s
FPUEM) YPD fifidk A b, SEA5E] 59 A~
R, Hr Ay 36 AP, HEBRACE N 61.0%;
SEULHA, AA AR Ui B Y JORE T LA R T Ml 0
T IR 21 & f e B ) CRISPR/Cas9 R 45rf, {H 2
HOIE R G B AR AR . AT RER A 4L ik R
[] 5 BOFE ARCR AN [, 28 17 552 W) 5 2% 14 2 6
oAb, HETE ARS BYBR 3 A A E W
Al B i B S BRI RN 2 — ., N —2
A DL 2 P A0 2 Ak vk A0 R T R R M ok
it 1o i B R TR ) R AR AR AR N T BT T
A FRIE gRNA WIRFTF IR F AL ok, At
98 U g A TR Rk B R R AR TR A R
WEHERER M, ATTA R 9 d WHE), e T
W5 A

IS4
)22
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Plasmid P13

Plasmid P14

Es5 RATHREILZMEEGES% BTSI ERFAER P13 1 P14 =&

Figure 5
Rhodosporidium toruloides.

3 &

(1) A AWEFE R 21 &1 B PAL CRN 2R
SR I B B I T — Rl O AR 1 [ 1 4
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