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CRISPR)H A A& — Fid FIVE 7 200 w1 36 A
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T CRISPR/dCas9f % 3 Fi G 7 4t (CRISPRa) 2 17
FIF B3 R 33 () CRISPRFT H A, Hoal ik 6
2% BR T 1 1) Cas9 (dCas9)-5 35 53 0 &5 w38 (i
VP16 VP64, p6S)il# ik, LAE BH0E H i &
DR Sk 4 B T RN S R IR KN, AT
I IS 38905 A [0 0 66 A v L R AR . L I
FLh A B BN 2 BN, SR E S
R FE s i

R G /INEREE (1) 3 K 2L DN A H 1 022 4 _ iy 1%
UE (GC) & BB, Wik BB 65% bl B,
H & B 5 5 4 Bh i 4% DNA(Adaptive Single Guide
Assisted Regulation DNA, ASGARD) £ 4t i i %1t
5 5 A (G) S B sgRNA, 454 CRISPRaf A, AJ
X GCFr AWt A7 2 R (V) BE ML, AT 07 gk
R B R p AR AT DL E R R
AR E R R T &/NERFE(C. sorokiniana) FZU60
S gk 57, BT ASGARD 7 i #E i1 sgRNA,
I LA EECRISPRa R 48, DA v L 5 PR e A ¢
FEVIRI S . BE TS SRR O AR AR TR
TR .

1 RSk

1.1 LIRS EE

AW TR H R N R B &/ NERBE(C. sorokinia-
na) FZU60, S5 T4 M K 48 i 44 W 72 i R 2
AR TREARP O KFFEDHSa. i
FipET-28a7) A K H g B B VAR H R A A
AR FAEMHEARBR AT . A R pLWR-
dzCas9-VP64 () K iz #F B DHS b A& B & V5 1 3h K
P RE AR R
1.2 RE5 &/ KEFZUGORIIT L iFix

¥R Y & /NEREEFZUG60$E Fl 22100 mL TAP
PREEFREET T25°C G ISR Z 80 umol/(m’s) 2% 1
TR B 104 /mL. BU10 mLiE i 7E
6000 r/min T ¥4 ¥ &5 0> 10min, /1 mL ddH,OH &,
HY100 WL EE & 8 35 20 IR AT T2 A 1 B (0
200, 400. 600. 800 pg/mL)#i% =B(Hyg B)IITAP
BEHR TR, BE 7 7d, WS R AR 1) A K AR I
1.3 FRAEE

%% Lin% " 7 R R, Wit IE AR
GCH & R1A90%HIHE 5+ MEsgRNA (5-AAGGGGGG
GGGGGGGGGGGG-3'), K H T4Z% T A% 1 IR i iy
(Takara 2021S)4% & B [ 514 sgRNA R 1B K B FR 10
TE 1 5 sgRNA . K 5T $ pLWR-dzCas9-VP64/H

Bsa 1 (Vazyme DD4303)EF1), F B i b &k i 24k,
5] Wiz 3 5771 B (Genebetter DCO11)HEAT i [0z . K
T4E P2 fff (TaKaRa 2011A)K; X% sgRNA 5 28 141k
A& (PLWR-dzCas9-VP64)iE £, 3515 i ki pLWR-
dzCas9-VP64::sgHG. LAM13-F (5-CGCCAGGGTT
TTCCCAGTCACGAC-3")H LI 514, LsgRNA-R
AR5, R DNA % & 8 (Vazyme, P505)% H
PEFEAG PR AR AT PCRY 1 o 3k — 20 5% FH iR 2 Y
55 & (Trans, EM101)$& 55T Rz, 5% F BRI 74
VIl Hind 1l (TaKaRa, 1615)3E 17 B D) 56 E . Kf 5
bk B A T AV TR BRAE RA T .
14 RFZE/PNIKEFZUORIEE T45 1L

B R T & /NEREEFZUGOTE TAPR A 1% 9% 3 vh
BR324 B5 B 9107 4N/mL, BU10 mLEER#E6000 1/
min N A% 20 10min.  JHHSH; 77 3 v % Wi Ik, 4R
Ja E&T1 mL ddH,0. H{100 nLE S #EH 55 pg
J7i K pLWR-dzCas9-VP64::sgHGIR &, 7 # & i
0.2 cm HL A% (Biorad USA)H . AR & SCHR[19, 23]
&, 1 B B % fL 1% (Biorad, Gene Pulser XcellTM)
7£360 V. 25 uF. 200 Ohm#& 1 F AT B i 51k
HA 5 45 35 UK 10min, #7525 10 mL TAPR; 97 &
SR 4 TS 5 5524h. 7E6000 r/minZk T &
O 10mint EEBE4H A, SR FH200 pL TAPH: 772k #H &,
%A T 4 600 ug/mL Hyg BiI TAPEL g P-4, T
25°C . JIEBREER0 umol/(m’-s) 5 A 55 35 4 By
S

HSH; IR R ZH 8 (/L) WL Eh 22 1H 5.0 mL,
WAEWS.0 mL, E LR 1.0 mL, JIKEFZELO L.
Horr R £ 22 P 4L R N (g/L): K,HPO, 288.0,
KH,PO, 144.0; ¥ 45 ¥ 1 2H 1% 4 (g/L): NH,4CI 100,
MgS0,-7H,0 4.0, CaCl,-2H,0 2.0; & 7 & K2
N(g/L): EDTA2Na 50.0, ZnSO,-7H,0 22.0, H;BO;
11.4, MnCl,-4H,0 5.06, CoCl,6H,0 1.61, CuSO,
5H,0 1.57, (NH,;)¢M0;0,,-4H,0 1.1, FeSO,7H,0
4.99.
1.5 BUEHRNTFESEE

PRE AL PR, RIZ8T %600 ng/mL Hyg B
HITAPFAHR, 7625°C JEIRGRZ 80 umol/(m’ )5 1F
TEFRZEAKE . KRR 2100 mL MME;
Fea Y FEDIBFAE TR B &/ NERFEFZUG0 A XTI, 75
30°C. 150 /minZkfF FBEERE TR MEEARIK B4
HIRT, 1S mLEE R IR HCE R ZHDNA, T PCRY 1
KHiE. FPremix Taq™ (TaKaRa RR003Q), PAdCAS-
F (5'-CTCCGCGTACAACAAGCACC-3") N F i 5l
Y. VP64-R (5'-TAGTCGGGCACATCGTATGGG
T-3") 4 N i 51 W AT PCRY 8 . [R] I, % Joi i
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pLWR-dzCas9-VP64::sgHG A FH 14 % R A5 AR, LA 7
AR B 4 /INERFEEFZUG0E (K 2 DN A g BH 1 %+ 1
AR, LA ARPCRIFIAERATE .
1.6 BRI R RIS

S B 1T B Ty 14 % 10 T8 R 92 10°/ /mL 390 4 4
Ji1 2% FE 2R T 100 mL MM 95 56 vh ) 3597 256 50
K. Bl DA IRRE 1 40 pf 2% B 220 T 150 mL MM
Regididh 7630°C . 150 r/min2kfF T 3T 5 9% K B
B3R, (0K FEWIIN], 45 B 24hEURE I & AE ) ik
B A PE R ER AN IR B . BE IR B BB SR, HUE
AR BEWAER000 r/min | &0 Smin, YA BETE, W4T
)5 T —80°C UKAH R A7, F Tl BE A i Wi Ag .
WK EY) . M ER R MBIHE MRS E.
1.7 R KAABRER D

AL R AR IR FE A 52 SR A Ay e e i
D 58 5% 15 7% 5 [0] 88 VR AE 675 nmAk IV G 1B (Agrs),
AR b vEE i 28 (9=0.3185x—0.10067, R'=0.99941)i}
A EIRE ., Ko, yNEYEIRE, xNAgsH.

PV HP T S R 2 B R P TR 5 - K R R A
10000 r/min K 250> 10min, HX_E 75 # B 24 K &, B
Ji B2 mLF B 725 mLEL B 4, i \2 mL DNS
B W 7K Smin 5 32 RIVKH A A, #M K E25 mL,
TR A I 52 FL7E 540 nmAb WG (Asg) o FRHE B
i it 28 ()=0.76253x+0.0185, R°=0.99871) 11 & % %
PR . Hor, y NI ST HER L, x N As40ff

VIR P T A TR R PR T 5 K R I R VR A
10000 r/min | &> 10min, B _E 7 FH 8 R 2T 4k & €
FELIE 0, ECE VRRA R I R B, I 2 AR R7E 220 nm
Ak B MR DG AR (A yag) e AR 3 B HE 1 22 (=24.17869x—
0.04924, R'=0.99993) i+ SR ERANIR . e, y il
Eﬁ‘i%ﬂﬂ%fﬁ, leﬂAzz(){Eo

MEAREAR S ERIE: R ERE AR
R 7 £ (BestBio, BB-3131-1)$ B4 T i 44 11 2 1
Ji, B 5 K H 8 A € &R 7 & (TransGen Biotech,
DQ111-01)il & A4 8 1 i 7 &=

TG A R PR - ST L B i A 7 )
I e R 2H o0 S i

PRI KA G & S D 5E « SR FH R B — K Ty
VEPI S AR B S

FARREASE MRS BRI E ARG T
10 mgZ= B, TR T mL 60% (w/w)I & A
TR S K0.5 g, 1 FH 2R B B iR LA R 1 20K,
4 X 1min, 1% 3min. 40°C 7K #40min; ¥ #1 & =5,
IINT mLTGK OB R 2 1S mLE O, X
EIETR3R. WER R 30s, 5000 r/min O Imin, ¥
¥ b EA A ZEAR G, 7208 R A3 mLJG

KB, BE FidERE, BE FERERGRL A NIE.
B B AU A 2SR, B3 mL P R
IR BB FE i, B JE R AN o O FE I e B T
444 nmi KAWL AE (Agas)o RIECLT T FE 5%
RS h AR )=4.32x-0.0439. FLd, yH
FKEAE MWL (mg/L), x N A4

AT 43 25 B B I S - SR P DR g
REH SRR S B HERRAR IR T8 5 mg 2 il
B, IINT mL 90% (v/v) I Bl —7K i R BE R0.5 g
B Tmin. RS AR S A 1 mL 90% (v/v) N -
KB IR 15 mLE O, RE B3R
FEHIIA4 mL 90% (v/v) A= 7K AT S AR FA 98 mL,
5000 r/min & 0> Smin, 2 3, F90% (v/v)A Bl —7K
WEBOHAT & AW B 5, F 23 606 BE VI 5 R R M )
A665‘ A645$DA630{EO *Eﬁﬂ?ﬁﬁlfﬁ”f%%%@%
Chl.a=11.6xAgg5—1.31xAg45—0.14% A 30, Chl.b=20.7%
Agys—4.34xAge5—4.42xA 300 TuT, ChlaMIChl.b73 )
RS aFIbIIIR FE (mg/L).
1.8 AT EEPCR(RT-qPCR)

K F BiospinZ ¥ 2 I 18 ) /5 RNA$E B 57
% Biospin Plant Total RNA Extraction Kit (bioflux,
BSC65S 1) B 14 8 Mk A1 BT 42 B RNA. R
PrimeScript™ RT reagent Kit with gDNA Eraser
(Perfect Real Time; TaRaKa, RR047A)iF SO RNA
S NeDNA . R S22 % 8 B PCRAX (A 4R,
CFX-Connect), f#i Fil %2 6 4« #} TB Green" Premix Ex
Taq™ II (Tli RNaseH Plus; TaKaRa, RR820A), LA
dCas9-VP64-F (5'-CGCAAGAGGTACACAAGCA-
CTA-3") N E#51 4. dCas9-VP64-R (5'-TCTTAG
GGCTGCCTGATGACC-3"yA N il 51 4 % dCas9-
VP64 iE R . RT-qPCRJT ¥ M 3k R F ik B it
%% Mas P 7 i, UL BE R R B L19%&
(RPLINE NN ZEEH .
1.9 #HiENIE

TE 8 A R R 1 38 7 DL B A K R 4 i 4 8 53 B
R, AN EE R EIN Y ES . #H Origin
2021347 22 &, K FH WU A6 560 20 AT 7 Ak e Ak 5 B
A RN R I 2 e, IR BT R R B A
L5 A R LU ) 5 3 25 R L(P>0.05 3K R 22 7
AN, *P<0.05% R 7 7 3, **P<0.01 K8 2 7
AT EDR

p I

2.1 BB & /IKEFZUGOXTHyg BRI
i e IR R B &/ NEREEFZU60R AV BE kR, PFAL
HXF Hyg BRIPu . @ 1A, 7245 Hyg BRY
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Uik BB &/ NEREEFZU60RT LLIE & A K, 7
2001400 pg/mL Hyg BRIHLME-F Ak FAUA /D &
%K, T 7E600A1800 ng/mL Hyg BIHT I Tk L
KM B FEEAK . PL R R EH, Hyg BA] LA
Hl R P 4 /NERFEEFZUGON) A= K, 243k & 1K 31 600
ug/mLLL BB, BEARTEVETE PR FA K. MRS
HR IR AE, 8 W SR FH A 0% 400 1) R 20 R AR K B
TR PEAE TR IB AL T A I TR 0 TR B, AR P 0 s T e
SR A K R, SR 600 pg/mL
Hyg BT |5 826 AL MR IO TR 1%
2.2 [RHRIpLWR-dzCas9-VP64::sgHGHIHIE

¥ 5 B pLWR-dzCas9-VP642: [ il P 1) il
Bsa 1 FgV), 19312 5SmRFEH K H b Fi#31226 bp
BB R AL A . K sgRNA-F/RZ B K 5 R 1L
J& 15 2 /120 bpXUEE DNA F Bt (sgHG), H 4 H i 352
B IR 2R AL BAR, 15 3 R pLWR-dzCas9-VP64::
sgHG (& 2AF12B). X H 51 #IM13-F/sgRNA-Rif
1T PCRIGIIE, 15 29500 bpf k47 (K 2C). K
F Hind 347 B U156 E, 43 21712115040 bp i
AN 1 PLBUR pLWR-dzCas9-VP64 %t 1R, B 1)
3 E 19135115040 bp i) A5 77 (K] 2D). LA k45
L, FRpLWR-dzCas9-VP64::sgHGH 2 . 1)
23 FHEREIRESIIE

SR FH FL 7 A AR ) 4 11 J5 K pL WR-dzCas9-
VP64:sgHGH: N R B & /NERBEFZUGO, 1TE &
600 pg/mL Hyg B TAPFE {45 77 3L - i itk #% {h 5
Mk, %k IEZH DU [F) 1) 2% AR e Ak, (RN R I s ks o 2
SAFTIR, A H AN JTURL R R AR 3 PR S TE B T A2
K, T % 4k J7 K pLWR-dzCas9-VP64::sgHG 1] 8 1

X;-«// 5> Z

AR S H B S SRt BV (K] 3B), R RL
CRINENR Y &/NEREEFZU60 . M 3Bk
EEZ AR, SR AERERWT) —BRZLT&FH
600 ug/mL Hyg BHI TAPEL fIg V4% L, 1% 7% 3—4d.
R AL MR K S PR IRRIZE T-Hyg BoutE Pk, &
eI IRAT B RS E VR AL . ] 3C
T 7N, 306 5 ) e A B AR AE PV S AR RE 8 AR K, T
WTIIETE %R AR, 3E— 20 Uk B ORL R )
WA RRD G&/NREEFZU6OY . B A F2E T
PE I EE AL TERR, R T MMIR AR RS 35 5 rp, 52557 R
KA, S A $E I [ 4L DNA. K 5] %) dCAS-F/
VP64-RifE 17 PCRY™ 1 45 & & 7, BA i R pLWR-
dzCas9-VP64::sgHGHIH A FE 1k 1) 525 K ZH DN A 9 5
BRI59 38 H1 567 bpHI 5 i, T LAWTZE K 41 DNA N
BREARCR Y 257 (K 3D). [FRI, e~ BA A
SE UM HAE A RS 77 JE v AR KR I R A TR (V-
3. V-4, V-6. V-10. V-11. V-12), $2ERNA, %
e SR HEATRT-qPCREGIE . &5 B BIR, 6N AL ik
f]dCas9-VP64¥4) 4 ik, MWTILRKIA(E 4). VL E
gk Bk — B R W, iR pLWR-dzCas9-VP64::sgHG
CAHENRY &/NREFZU60 T Hit (T 73Rk,
24 BHAERESRUEKNEFEKBERIILL S
N T I B AE (W) 5 5 AL AR TEAS [R]85 7%
[0 A 1180 400 A K DA% 6 60 B TRV FE IR 00, K61
(V-3. V-4, V-6. V-10. V-11. V-12)ZPCRHIRT-
qPCRIEG IF 1 ffy 1 %% 4k 88 Pk HEAT S 9 B 9%, DA
WTHX R, ¥ B3N EE . WK SATT L
B, A RS2 R A ANRECE K, 54K
JEENTRE W, SR AR A RIREY 2

©

K1 REG/NREFZUCOMEA R EHyg BAAF T BRI
Fig. 1 The growth of C. sorokiniana FZU60 under different concentrations of hygromycin B
A. 0; B. 200 pg/mL Hyg B; C. 400 ng/mL Hyg B; D. 600 ng/mL Hyg B; E. 800 ng/mL Hyg B
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BT BES . ERBEKIE, WIS b @ik v-
3. V-4, V-6, V-10. V-12094 KR AHIT, (HY
AN LR V-11. WTS ¥ LK V-3. V-4,
V-6 V-10. V-11. V-124WEIRE BT FEIR
5B KAl, 43 91095.00. 5.59. 5.70. 5.60. 5.60-.
5.40M15.77 g/L. T FEALTEMR G I KAV 23S
TWT, & NWTIH 11565 . te4t, | SBEIR, fr
AR R BRI TE SR ARFER, (AL BERR V-
11V FE RIS BT WT A A A bk . DA &%

A

¢HG) (ERNASGHOI)
AfU6-26 promoter | | | HindlIl (986)

(268) HindIII CaMV 358 promoter

RB T-DNA repeat

BRI, SWTHILL, AR LA E & s KAy
IR, HAEAL AR V-1 1 54T 58 PR A K i S e
R HHE R
2.5 BFA B SRLEMRAI AR LA R XTEE S R

9 W A B A2 R WS 5 Ak 8 PR 1) 1) 22 S, 0
T HEAR. KL EY. mEMGREE.
Kl 6A SR, B5755d)5, BeALIERV-3. V-4, V-6. V-
10, V-11. V-R2FEARSEYEES TEHAR
WT (383.84 mg/g), HH #ALBEMR V-6 FIV-11111 5 H

CaMV 358 promoter (enhanced)

LB T-DNA repeat
KanR'

pVST RepA

pLWR-dCas9-VP64::sgHG

1574608 %t

420 430 440 430
B CGAAGCTGAGTTTATATACAGCTAGAGTCGAAGTAGT GATT Gf

AGRIBRGRRELE GREG
AGCECBEGRERERE GREG

CX-VP&4: :sgHG
VP&4::sgHG

e e e e e e e e e
- 430 130 460 3007 a5p N

BIRIE BAG
nOBB DG

BGRG
BGAG

GBEG
GREG

sgRNA

C

750 bp
500 bp

15000 bp

K2 JikipLWR-dzCas9-VP64::sgHGH#4)
Fig. 2 Construction of the plasmid pLWR-dzCas9-VP64::sgHG
A. FiRipLWR-dzCas9-VP64::sgHGI K1 B. 551 Luxt £5 45 C. B PCREGHIE S5 H(M. 2000 DNA Marker; NC. LAJfi #pLWR-dzCas9-
VP64 145 5 1—4. DU MO RAR 9 1 45 50, D. BV 38 IE 45 F(M. 15000 DNA Marker; PC. JfifipLWR-dzCas9-VP64R

PIgE R 1—2. B4 FUkipLWR-dzCas9-VP64::sgHGREF ) 45 )

A. Map of plasmid pLWR-dzCas9-VP64::sgHG; B. Sequence alignment results; C. Results of PCR verification of bacterial culture (M. 2000
DNA Marker; NC. The amplification result using the plasmid pLWR-dzCas9-VP64 as a template; 1—4. The amplification result using trans-
formed bacterial strain); D. Results of restriction enzyme digestion verification (M. 15000 DNA Marker; PC. The results of restriction

enzyme digestion of plasmid pLWR-dzCas9-VP64; 1—2. The results of restriction enzyme digestion of plasmid pLWR-dzCas9-

VP64::sgHG)
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A B

1000 bp
750 bp

500 bp

«——567 bp

3 FALEERRAOR 2 S PCRIGIE

Fig. 3 Construction and PCR validation of transformed algal strains
A, RINFRLEAb BOEAR I A S 5 45 55 B. BURLpLWR-dzCas9-VP64::sgHGHEAL I AR i AT B 3 45 L, C. AL 9K P R 2k s 9 45
(WT. B4R R B 4 /NERBEFZUG0; NG. 7K; 1—14. BALEK); D. B LB AR PCRIGIF S FL[M. 2000 DNA Marker; PC. LA ipLWR-
dzCas9-VP64::sgHG BRI 1 45 5 NC LLETAE TR B 4 /NERFEFZUGOIE (R ZHDNA N BAR 4 3 45 515 1—6. LAREALBERR(V-3. V4,

V-6, V-10. V-11. V-12)ZE[FHDNA NIRRT 1G24 R

A. Plating culture results of algae transformed without plasmid; B. Plating culture results of algae transformed with plasmid pLWR-dzCas9-

VP64::sgHG; C. Culture results of streaking transformed algal colonies on plates (WT: Wild-type C. sorokiniana FZU60; Control: Water;
1—14. Transformed algal strains); D. PCR verification results of the transformed algal strains [M. 2000 DNA Marker; PC. PCR amplifica-
tion result using plasmid pLWR-dzCas9-VP64::sgHG as a template; NC. PCR amplification result using wild-type C. sorokiniana FZU60

genomic DNA as a template; 1—9. PCR amplification results using genomic DNA of transformed algal strains (V-3, V-4, V-6, V-7, V-10,

V-11, V-12, V-13) as templates]

20 r

15 f T

8

£

2 10} - 1 T 1
~

Iilg

%\:0‘5*

oy

o

0 1

WT V3 V4 V-6 V-10 V-1 V-12
Mk Algal strain
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ASGARD CRISPRa % 4t g W% Xt &R % 4 /NER ¥
FZUGOM 3 R (s ik . PA B4 REM, HGH
HsgRNAREMS 51 58 (1 A i g 4 BORH 9 366 (R 3k
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Tab. 1 The production of protein, lipid, and pigment in the wild type and the transformed algal strain

HEPR EABE MR & RS Yooy KA hEE
Algal strain _ Protein production (mg/L)  Lipid production (mg/L)  Chlorophyll production (mg/L)  Carotenoid production (mg/L)

WT 1795.19+65.74 641.5620.61 159.1342.52 29.77+0.69

V23 2176.71£76.09 821.59+19.94" 176.01+7.98" 33.47£0.85"

V4 2321.21466.59" 875.84+32.24" 185.9143.77" 34.4540.82"

V-6 2384.32+71.217 891.56+32.50" 188.48+5.74” 33.81+0.66

V-10 2199.28463.33" 731.24+46.74 177.61£4.22" 33.98+0.39"

V11 2250.17+61.13" 787.76+45.14° 174.05+4.83" 32.3340.87°

V-12 2216.31£19.30" 854.21493.24 170.58+9.45 34.31+0.96"

T R N3 EE T, B S RIRFA R S I A R B R B 25 2 R R L (*P<0.05 1% P<0.01); 2 HL (7 (mg/L)3&

AR 1 LI A= MR o & (mg)

Note: Data are means of triplicates; The asterisk indicates the significant differences between the transformed algal strain and the wild
type (¥*P<0.05 and **P<0.01); The units in the table (mg/L) represent the mass (mg) of the metabolites in 1 L of algal solution
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APPLICATION OF THE CRISPRA TECHNOLOGY WITH ASGARD IN
CHLORELLA SOROKINIANA FZU60

MA Rui-Juan', LIN Wen-Jin’, CHEN Yu-Cheng’, ZHANG Chun-Xiao', WANG Ling',
LU Kang-Le', SONG Kai', LI Xue-Shan' and XIE You-Ping’

(1. State Key Laboratory of Mariculture Breeding, Fisheries College of Jimei University, Xiamen 361021, China; 2. Fujian Engi-
neering Research Center for Comprehensive Utilization of Marine Products Waste, Fuzhou Industrial Technology Innovation
Center for High-Value Utilization of Marine Products, Fuzhou University, Fuzhou 350108, China)

Abstract: To establish an efficient genetic transformation system for investigating molecular regulatory mechanisms
and to increase the yield of its high-value-added metabolites in Chlorella sorokiniana FZU60, a CRISPR/dCas9-based
transcriptional activation system (CRISPRa) was developed and combined with Adaptive Single-guide Assistant Regu-
latory DNA (ASGARD) to enable random gene activation. Resistance screening indicated that 600 pg/mL hygromycin
B effectively inhibited algal cell growth. The constructed plasmid pPLWR-dzCas9-VP64::sgHG, which carries a sgRNA
with high guanine content, was introduced into algal cells via electroporation. After multiple rounds of screening on
hygromycin B-resistant plates, transformed algal strains with stable resistance and rapid growth were obtained. The
PCR and RT-qPCR verification results showed that the plasmid had been successfully transferred and expressed.
Further analysis revealed that all transformed algal strains achieved higher biomass concentration than the wild type
strain under heterotrophic conditions. The content and production of protein, lipid, and pigment of the transformed algal
strain were significantly increased. Among them, the protein content and production of the transformed algal strain V-6
reached 452.83 mg/g and 2384.32 mg/L, representing increases of 17.97% and 32.82% over the wild type strain,
respectively; lipid content and production were as high as 169.38 mg/g and 8§891.56 mg/L, which were 23.20% and
38.97% higher than those of the wild type, respectively; chlorophyll content remained similar to that of the wild type,
whereas chlorophyll production increased by 18.44%; carotenoid content showed no significant difference from the
wild type, while carotenoid production rose by 13.57%. Therefore, the transformed algal strain obtained in this study
exhibits excellent capabilities for producing protein, lipid, and pigment. These findings provide technical support for
establishing gene-editing techniques in C. sorokiniana FZU60 and offer a crucial theoretical basis for enhancing the
production of high-value metabolites from this alga.
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