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ABSTRACT Objective: In this research, we attempt to generate a sgRNA knockout library targeting approximately 200 AML genetic
alterations identified in human patients. This library will be a useful tool to decipher the functional signaling pathways that synergistically
induce AML. Methods: The TCGA database contains the genome sequences of 200 AML patients, from which around 2000 genetic alter-
ations were identified. We selected approximately 200 genetic alterations that occurred at least twice in this database for further study.
The sgRNAs were selected from the Brie library, 4 for each gene. A lentiviral library was constructed as a pool using Gibson assembly.
High-throughput sequencing was performed to evaluate the quality of the library. Then, the library was packaged into a pool of lentivirus
particles, and viral titer was measured. Results: 1. A sgRNA knockout library targeting about 200 AML genetic alterations was generated.
2. The cleavage activity of representative sgRNAs in the library was confirmed using pSSA reporter assay. 3. Plasmids from 7 randomly
picked bacterial monoclones were prepared and verified by sequencing. 4. High-throughput sequencing demonstrated uniform distribu-
tion of sgRNA species in the library. 5. Lentiviral library was generated and viral titer (4.4x 107) was high enough for further study. Con-
clusion: We generated a sgRNA knockout library targeting about 200 genetic mutations identified in AML patients, which can be used for
pooled screening of AML driver mutations. This may help us to study molecular mechanisms of AML and to develop targeted therapies.
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CRISPR/Cas9 43k P 41 bR SCEHEAT IR IN . Ahifi i 2 22 5¢
JRIE BRI, FEFE Y T RIS S SRR L R A AR N
XTPE TSR gAML SO PR, T B 45 5] v o o Y B 12 45 2R,

2 PEBE 2R 115K (acute myeloid leukemia, AML )& —2J5H
BER M T / AHANIE & A se R M S A s e, R R
B AT B, T R AR R 67 Z 1, AML JgTE
KRG, TG AN R, P E g A @R . BT, AML ()45
PRI4H 2 g e, Hodr , TCGA (The Cancer Genome Atlas ) %
200 2 J5 kM AML g N AT T A B R 4l sl A4 12 )
HAfg 200 ZANBEFR AR TE sk B R A B H L, AR
AFFE UG —ANHE ] 3K 200 224~ AML i 36 58 25 i 56 PR i ok 5
P AR R AML B{ES-m I M 45 i & MALTRTT T $E
DL KT 408 o) 25 SR vy SRS

1 AR5 07

L1 ##

1.1.1 SE3&{Y3& PCR {¥(thermofiser, ProFlex 3% 32); Ltk
BER AL (LA — A DR A BRA F], DYCP-31F) ; Hi5%4Y
(Bio-RAD, MicroPulser) ; fifi #7 {¥ (PerkinElmer) ; 43 Y6 ¢ B 11
(NanoDrop,55625500)

1.12 SEI§iR5  sbfl il#(NEB,R0642L);Esp31(NEB,R0734L ) ;
RSAP(NEB,M0371S);BM2000+ Marker(BioMed,MD102-01);
BM15000 DNA Marker(BioMed,MD106-01);NEB 10bets Hi%%
A7 2541 g (BioMed , BC401-01) ; PCR 4fifki{ 1 & (QiAquick,
28104 ) ; Phusion Hot Start Flex 2X Master Mix (NEB,M0536S);
dNTP J& 47 (NEB,N0447V);NAD (NEB,B9007S ) ; Phusion
DNA polymerase (NEB,M0530S);Taq DNA ligase (NEB,
MO0208V ); T5 exonuclease (NEB,M0663S); 5 |45 ik A+ Hi
e R YR AR BR 2 W] 58 1 s oligo pools i 2 B Twist
Bioscience A F& il AR 1 B2 40l HEK 293T Ziii(ATCC;
Virginia, USA);PEI (Polysciences,24885-2);lentiGuide-Puro( Ad

dgene,plasmid ID 52963 ) ;psPAX2 (Addgene,plasmid ID 12260 ) ;
Pmd2.G (Addgene, plasmid ID 12259);precut pUCA (Luc) J5i $i
(UCATM CRISPR/Cas9 Pt K i PEAS IR &)

Gibson assembly mix g : 7 Zehc ] 3 mL 5% isothermal

Buffer:1 M Tris-HCl (pH=7.5),2 M MgCl, 150 pL,100 mM
DGTP 60 uL,100 mM DATP 60 p.L, 100 mM DTTP 60 L, 100 mM
dCTP 60 pL,1 M DTT 300 pL,PEG-8000 1.5 g,100 mM NAD
300 wL,ddH,0 #ME ZE 6 mL 3 K] Gibson assembly Mix:
5% isothermal Buffer 320 L, 10 U/nL T5 exonuclease 0.64 pL,
2 U/pL Phusion DNA Polymerase 20 wL,40 U/uL Taq DNA Lig-
ase 160 uL, il ddH,0 % 1.2 mL, H&~ il & i 72 h B 2 52
FEOMIRA] A BE I 47 ) Gibson assembly mix 73%%, £ -20°C
UKAR A RS SR A
12 ik
1.2.1 F 18 oligo pool B4, ¥ LAY oligo pool THEfk =
1 ng/pL. #:E , Bifil 50 wL PCR J% )3/ {£& % : NEB Hot Smart PCR
Master Mix(2x ) 25 pL,oligo pool 1 wL,oligo-F 2.5 pL,oligo-R
2.5 pL,ddH,0 19 uL, PCR ¥ ## i 5] ¥ /3 51 A oligo-F.
5-TAACTTGAAAGTATTTCGATTTCTTGGCTTTAT-ATATC-
TT-3',0ligo-R:5-GTTGATAACGGACTAGCCTTATTTAAAC-
TTGCTATGCT-3"™1, PCR Jz i 514 77:98 'C 30 s, & &[G
TEFR%LC 15.20 5% 25(98 C 305,63 C 305,72 C 305),72 C
5min,4 C o,
1.2.2 Gibson A% B, # MG R AU, M Esp3t
N DI 15 55 37 24 LentiGuide-eGFP #EAT ), 37°C kit
JE 1h 5, BNA 1 wL rSAP BE4kZLE 30 min £, 55,
218 PCR 2l Al 78] & (4 6l HIESE A 7300 % oligo 473 7 1y Fl 4
IRE BT Wy AT ol , IR0 o SN BE I H TR S 58 2Rl K
No BeJT ANFR LR, G AL B S 2 RS R RRZEL A T
HEIERRE T 50 CaJmit b S 40 min f5 i E UK 4T

% 1 Gibson HIER MK R

Table 1 Gibson assembly reaction system

Component Experimental group Control group
sgRNA library insert 30 ng 0
Library plasmid backbone 100 ng 100 ng
Gibson assembly mix 15 uL 15 uL
ddH,O To 20 pL To 20 pL

123 BEEIRTG sgRNA TE U1 pL BRERIInA
) 25 WL AUFRRSZ SR 10bets rh 420K 26 L IRGBUINMA
BB B AR, BEE R AR 25 VF 200 X 1800 V.
FL e i DROERE R o AR E T UK R R IA SOC B FR b i 2
1 mL. JEATZ2 BT RR I YR G 7 — & LA S50 1
22 JHAFEIR T 37 °C,220 rpm 7275 1 ho 70l B S0 TR
A PR . RAWPHC L WL FBE 10000 47, i1 100 pL
] 10 em B FRML AR R . FIANR A IR A IR AT TEZ A
BRI S0 A o K BT A ARG IR L T 32 CHERAR P 1S
F¢ 14 ho WERSCRALITA BT ZHOUM R N REIURE

PEWCC R ks, i A Ab )5 1 Bk i -80 ‘CokFEh, 7 K B
A7

1.2.4 pSSA ;E#ill sgRNA HITIEIEM  FIAH LT 9858 X
(single strand annealing, SSA) B& 5 EE ) HE R4 pSSA
(plasmid SSA)FEAG sgRNA FIYIEIIEE . K5 Rl FE Ay ¥ 7
P B i JE R 3t 7 A 0 B T 51 3R il TR I AR precut
PUCA(Luc) JFURL R R RS Bk (RIS DR X iz
4 2 sgRNA 43 5l 3% A 18 9% 5 21K LentiGuide-eGFP H1 4
sgRNA FIAHAK 5 HEK 293T 4Afifufii 2= 96 fLA , # i
R PB4 0.3 WL %% Y i) PET 2L4% % 100 ng i



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.22 NOV.2021

- 4203 -

Hio Forp 5 BOR  sgRNA FRIA ORI cas9 Fah FURIAF L 1L
B 1:2:2, Y 48 /N RS IO R YIEE L A
JE ARYE A E TSI B SR 2 Y 2R W 1

12.5 sgRNA XENFEE  MITHEo EREPLPE LA 2R 5
REEAT— I o 5, Zd 25 PCR Y&y 1S J5 47 g 8 U
J¥o AT/ T PCR 4 HGT ™ Az 1Y S sgRNA fhifay, JS AT
AEW GRS, 55— PCR J i f& % >4 : NEB Hot Smart PCR
Master Mix (2% ) 25 wL, 3CJF ki 50 ng, Oligo-F 2.5 wL,Oli-
go-R 2.5 uL, il ddH,0 % 50 pL, FATHHIEE T AFMIER
% (15.20.25),PCR i 5444 :98 °C 30's,15.20 B¢ 25 MG
(98 C 305,63 C 305,72 °C 30s),72 C 5min,4 C oo, 25—
£ PCR 243CEENN | barcode J& , EHLINF

126 XEBFRESEEREBENE KRS R LM HEK
293T HMEFEFNE] 10 om BEFRILAY , AR EE BE IR 70 Y%, #% AR
Tl B A T AR, A5 TR L 45 L (%% eislh) PEI S
YL 15 mg JFohr, Horp SCPRE Ok £k Bk psPAX2 F1 Pmd2.G HJ
FEIR LR 8:6:3, A/ b IC s 2% IRt ude 24, Bigk 48 h )5
WA FIEW A ISR S), A 0.45 pum R UEfS
3% AFRT -80°CukAE# .

K puro Hi M 57 V8 VA T 22 55 B 10 B . BRIRAS R AF Y
HEK 293T a2 12 LA, &fLERP 3% 10° N4 (e
SR RERANEE ") o A BIIMA 0 L 25 pL 50 wL 100 pL,
200 L .400 pL 1255 8¢ #.0%Z 04, 33 °C,1000% g 2
D205, BT 37°C5%CO, AT EFR 24 h, ZJ5#HME

4x 10*ANZHHL / FLEERREBT Y 12 FLAR, 4351 E puro 4171
25 X IRZH, JINA puro ik 3-4 K, 24 puro ZH ip ARG
AR IET S, %S PN BE L P R B YL T R AN I 2 B s
80 %-90 %ol , X 25 LA T4 %€ X puro 2 FYZHMIECH "
TN, A5 PO IR AN MEICHh " X BRAN AR " SRR
AR B (IFU/mL) =75 40 i 5iox A R 40 %80 + Onf g
ME: ZTHR AR
1.3 SEitFAahiE

K F GraphPad Prism 8.0 X 52 86 8088 A T 48 T4 50, 52
IR R Mt FRifEZE (meant SD)F R FR. B4
(1] 25 Sk LU, SR RS, BEAS t R ilE AT 43T . P<0.05 3R 2
SAEGIHE L

2 &R

2.1 sgRNA HyHkIE R oligo pool I & AL

T HRESCEERET X AR ST N TCGA 11 2000 1~ AML
AR B N G HE R AE IR ER LA Y AR 3L, FRAR$E MGI
(Mouse Genome Informatics, http://www.informatics.jax.org/ ) %%
P P NS PR 4 Ry [ IR Y /N BRI, SR8 T 231 A4
NEFERAE L BER . $:25 , A John G. Doench %5 A A4 4 (1)
sgRNA F R SCFE Brie Hhikis (HAHRL Y sgRNA, Horh &~ K]
A7 4 5% sgRNA, RZIE T & 924 55 sgRNA [ 3% oligo
pool 1 3& [ Twist Bioscience 2\ H] 5 i , oligo 1 J&F & 100bp
(K1),

Select sgRNA
57 . .annnnnnnnnnnnnonnnnnn ... 3°

Synthesize oligo pool

5 .. TTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCG
nnnnnnnnnnnnnnonnnnn GTTTAAGAGCTATGCTGGAAACAGCATAGCAAGTTTAAAT... 3’

Forward primer: oligo-F

l PCR amplification of pooled oligo

5 ... TAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTT

GTGGAAAGGACGAAACACCGmmmnnnnnnnnnnnnnnnnGTTTAAGAGCTATGCTGGAA
ACAGCATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAAC...3’

Reverse primer: oligo-R

& 1 Oligo pool ¥ 1 REE
Fig.1 Oligo pool amplification
i : sgRNA scaffold B3I BUS AR AR B R
Note: green-colored codons highlight the modified sgRNA scaffold.

2.2 sgRNA X EBERMIHE

DA lentiGuide-Puro( Addgene 52963 ) A B 224 , 1 Setids
Baohui Chen Z5[F 5345 T sgRNA scaffold 751, {fiH B
T A THERICR DL R AR i A ason;. T 1) SRS TETTl
puroR J&5 il A P2A-eGFP, i H 7£ 3 ik puroR {1 [d] i} 3¢ ik
eGFP, J; {5 J5 £ ) T =X 4 M { A T SR 4 T sgRINA (14 4 i
&, AT B M 18 e & hu6-gR-
NA-EF1a-puroR-eGFP ( & #% LentiGuide-eGFP ){Z 4t HEK 293T

M, 48 /NI IS TG WA PSS, RIS EOLREIE R
#ik.
2.3 sgRNA X ERMMME

H1 1 Al UL PCR 473§ oligo pool, ™35 H 1< & 2 140bp.,
2B NRMEE RS FL VK S5 , TR 20 MIEFRAY PCR P #EA T SO
(P 2A) . LentiGuide-eGFP [fifi2: Esp3l i) (& 2B),
FH Gibson Z2{k & 5 PCR ¥ #%) oligo pool #E 4z, SREH
BRI TR o XSS AT T S KR RS R
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T BRI TR 2.5% 104, T8/ sgRNA %1
e 250 450k . BRIV RO OB, S

R AT -80 CRIRAT

A B
15 20 25 M
15000bp
100006 — . —-—
7500bp—>
-
150bp
<+—100bp
<4—50bp

B 2 sgRNA gz
Fig.2 Construction of the sgRNA library

7E:(A)PCR #"1# oligo pool,

15.20.25 S 54X PCR #18 15.20.25 MBI, (B)EIAFBEY, 1:JFBRHL, 2 BEVIFR R ML i,

Note : (A) PCR amplification of oligo pool. 15, 20 and 25 indicate the number of PCR cycles. (B) Restriction digest of plasmid backbone. 1: whole

plasmid, 2: linearized plasmid after digestion.

2.4 IHIFTFE sgRNA BEEHIEFE
MOCIE AR L T =4SN Trp53 . Tet2 . Dnmt3a, #]
DPSSA JERHM TAT TR L 4 4% sgRNA PP EIEMER, 450 R,

SAJERIXTNL A 4 4% sgRNA D) EE P 5 BT BRAH L, 1
P T2 e b o A LAk sgRNA [ UIFINE P 2 8 T
PR R (15 3) .

0

A Trps3 B Tet2 Dnmt3a
%k k% 5 * k%

_? 6 M—_ ? 8 ok §" =

ks — B8 B8

= s 6= =

Z 47 P 2 47

& S 4 &

'S k= 'S

s 27 S 3. S 27

Z o Z

= = =

B3

T\‘ Q QY'QY’% %
S & Q’ Q’ Q"
sgRNA B’]ﬂ]%‘]:ﬁ et gl

b‘

Fig.3 Detection of sgRNA cleavage activity
i A pSSA TR REEIRE RS MMERE (A )TrpPS3(B)Tet2(C)Dnmt3a 5 HIITRI I 4 55 sgRNA HIFIEIFE S, NC AR, PC ABHERT

ﬂai\o 1’1—30

*#%p<0.001,

Note: The pSSA assay was used to detect the clevage activity of 4 sgRNAs targeting (A) Trp53 or (B) Tet2 or (C) Dnmt3a. NC: negative control,

PC: positive control. Data were expressed as meant SD,n =

2.5 MFIRIE sgRNA &

h T WP TR SRR R LR, FEAR R 10000 £5 115
RENLEREE T 7 ASSERE, T —ARIY . SR BN T AMREA
FPANEIERG , LA IXERE 7 AR sgRNA L Xf 924 5% sgRNA
AT, 7 AT RE S B S T4 21.170,185,269 586,659
921 - sgRNA(&] 4A),

it — 2R SCRE I B, AW S8 X BIAS) 14 SRR FH P 2B

3. *¥**p<0.001.

PCR 75 sa I TIR BEM Y o #E4745— 20 PCR B, 3R 7] fig
EFREL, LA /D BT PCR &3 i = A 25 A 25 . Tllumina
P25 W B G 10 B i 7 BBl 140 bp 247, SCEE
&% >99.5 %, Hirh sgRNA 14 reads 30 1E 234347 (& 4B), 90
%FM) sgRNA 1] reads /N FB{ZET 2164, 10 %[ sgRNA f{] reads
INFEEET 710,402 3.05 £%5( & 4C), Ui B Fi4 SO sgRNA
O3 LEEH—
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A

Number

21

170

185

269

586

659

921

(3]
N

Number of sgRNAs
[5%]
o

sgRNA Sequence

ATATCGCGAATACTACGTAG

AGCTCCACCACGATGCAGGG

AAGCGAGTCCCAAAGCGCCA

GCTGGTAGTGACATCAACAG

GAACGTACAGGATAATCTGG

GGGGCTTCTTAGCATCACTC

GTCTACACAGCGCCCCCGC

AN

Sequence Alignment

AAACACCGATATCGCGAATACTACGTAGGTTTAAC
T R R R R R R R ] | 1111

AAACACCGNNNNINNINNNNNNnnNNNNNNNGTTTAA(

SAAACACCGAGCTCCACCACGATGCAGGGGTTTAAC

T AR R R R R Rd | | 1111

SAAACACCGNNNNNNNINNNNNNNNNNNNNGTTTAAC

AAACACCGAAGCGAGTCCCAAAGCGCCAGTTTAA(

THTT T R R R R R R R R EEd ! | |1 1]

AAACACCGNNNNnnnnnnnnNnnNNNNNGTTTAA(

AAACACCGGCTGGTAGTGACATCAACAGGTTTARL

FHHT ) R R R R EEE! | 1111

AAACACCGNNInNnnnnnnnnnnnnnnnnnGTTTAR

AAACACCGGAACGTACAGGATAATCTGGGTTTAA(

T R R R R R R R R R R R Ed | | 1 11|

AAACACCGNNnNnnnnnnnnnnnnnnnNGTTTAA(

AAACACCGGGGGCTTCTTAGCATCACTCGTTTAA

FETTTT ] R R R R R R R R Ed | | | 111

AAACACCGNNINININININNINNINNNNNNNNNNGTTTAA

IAAACACCGGTCTACACAGCGCCCCCGCGTTTARA

FTTTT ] R R R R R EE] | 1 111

SAAACACCGNNNnNnnnnnnnnnnnnnnnGTTTAA

C

1
0.9
0.8

wn
<0.7

S

%0.6

2164 reads

e o o
L

Fraction of s

9

o
-

I i " n 1

1000 2000 3000 4000 5000

000 200,000 50 0,
sequeucmo reads

B 4 sgRNA R

500000 5040

Sequencing reads

Fig. 4 Sequencing of the sgRNA library

(A )BEHIBRIER) 7 D BT IERANF &R (B)sgRNA K] reads 244K 70, (C)sgRNA #J reads RIS HE

10%7%0 90%HY sgRNA reads

HEBELRT.

Note: (A) Sequencing results of 7 randomly selected single colonies. (B) Histogram of sgRNA representation. (C) Cumulative distribution of sequencing

reads. The number of sequencing reads for the 10th and 90th sgRNA percentile is indicated by the dashed orange lines and text labels.

2.6 XEMERSERRBENE

e, FA TR SO AR T2 , IR A puro SRR etk
DE R RE R . EARINSE =K, B SO 2T 5 N
4.4x 107,

3 it

AML & IR R G0 WApEEME 2 —. BAT, 6T AML
SO L AR R T B0 S 1 3R YT AN TR R (E2:
K5 AML #3675 TR B f A7 . 1 AML %\%
PR ZHE R AN B EARFEESTIRIT AR, B ik
— SR AR AR WY EE 5 & AML, X T ff AML 1)k
AL LA B AR T A B L

it 5 5 R 40 e R 1Y) e, B 38 7 R i ( Zinefinger nucle-

ases, ZFNs ) PO & 5Ly vk IR 7 RE 550N A% 12 it ( Transcription acti-
vator-like effector nucleases, TALENSs B2 CRISPR/Cas9i*344%:

N T AR VIEAGR I A= . Hod, Bl & B CRISPR/Cas9
AT sgRNA SCPEAE A TREE SRR | AR B PR 4
Jr R RE CRER A A TG 45 ) A B AT RSB 22 A7 o5, TR )
ARG BN E R FL S P A T R RS R A AT i A g
T.H T CRISPR/Cas9 145 K4 SO CAEL R AN 2R Pk
JZ N T 2R ST . AEIE | 4 DR 20 SO0 4 S 4L
T3 %% sgRNA, i T5 i AN 4 22, FLI e A % U 2 i B0
OIMTER T B AR AT T o TR P R 4
KB BH T AR TR AL SRR RE R RIEAIL sgRNA
Bk, B IR A A S A B R T Y T A SR .
Leanne Li % A F—~ 4811 £ 5000 4~ 1 525 26 111 sgRNA
SCIR Ui A B ) — A FLIE R I 2% ( dihydroorotate dehydro-
genase, DHODH ) B8 &I il /N Rl 983 (1 44 N A0 1B,
ABF5EH T CRISPR/Cas9 A T — -4 0] 24 200 4~
AML HHICZEAE 1) sgRNA FE KRB SO . ARTFFE Ml lentiGu-
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ide-Puro ity Ry BEAS 4L, i BURLAS & T Cas9, ffi i Hu6 J5

7R 8 sgRNA B ; AWFFEIE X B A FORLEAT T 2kt , 1k

Juf4 puroR JE /A P2A-eGFP, J i J5 £L38 B s T sgRNA 1

2}l ; Gibson ZH $EFEA R —Fhfi] 51 PR3 | RALHT DNA SE [0 0

BE i BT 78 SO e e v T LR A 1 8 2 R 5

Hyirb seRNA SCHE S A i W A oligo pool 1

PCR JEFREL, I ek i/ i B i B 5 B 7 O I 16, LA 2 AR %

FRIREL o SCREFTRA SR AT TRERLkEE T LR, R H]

SSA POLRMEFEN R RGTEUE T HXTI sgRNA f U151 1

P HE , FRATIR AR BE U e R A SO F B . i , FRoATTHE

SCPE Bk S s a2, TR REAT TR BRI E
BT I T —AHE ) 200 24> AML 5822 1) sgR-

NA BRSO, WIS T 3C% sgRNA BIUIRITE1E, JF 347 T

TG AL T eI & AML 155 38 4 W 2% LK ) B AML

(53 F ZOR LRI AL T IRAa T TR S A AR HAt

AEAL SR AR B T RIS E TR
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