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PRI Th R FE AR A A& T H . ERAMHEE, OF =T JUR CE LS HE T
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SEYREH, 72X dpy-13 R EERFEIR, RIhEEAT T 1.8kb ZEH F B0k 36
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Abstract

Abstract

CRISPR/Cas9 is the third generation of artificial endonucleases. It has been
successfully applied in a variety of organisms for genome editing, due to its easiness
and specificity . It has become a very promising tool for studying gene function, not
only because it could be used to knock out genes but also knock in genes precisely.

DNA damage created by CRISPR/Cas9 system would lead to homologous
recombination during DNA damage repair, which could be used for precise gene
knock-in . In this study, we successfully knocked in a 1.8kb DNA fragment into
dpy-13 locus by CRISPR/Cas9 system. Although we failed to knock in larger (3.8kb)
DNA fragment, it demonstrated we could knock in DNA fragment as large as 1.8kb in
future experiments.

To study the function of essential genes, we constructed a conditional knock-out
system by expressing Cas9 driven by heat shock gene promoter. Our results showed
that when we induced the expression of Cas9 by heat shock at the L1 stage, somatic
expression of Cas9 could cut dpy-13 targeting site and lead to expecting phenotypes.
Our result also suggested that this conditional knock-out system mediated by
CRISPR/Cas9 could help us to analyze functions of essential genes after embryonic
stages.

The results from us and other researchers suggested that an efficient sgRNA is
the key factor for successful gene knock-out mediated by CRISPR/Cas9 system. We
attempted to construct a sgRNA efficiency testing system in C. elegans to examine
whether a sgRNA targeting site could be cut by CRISPR/Cas9 system efficiently. In
this system, we inserted sgRNA targeting site sequence in front of GFP gene fragment
and cut of sgRNA targeting site by Cas9 would lead to glowing of GFP. Our results
showed that our sgRNA efficiency testing system could be used not only to test the
efficiency of sgRNAs quickly, but also to enrich gene editing events. Compared to
recently reported Co-CRISPR method, it showed even higher enrichment of gene

editing events.
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1 CRISPR/Cas9 T SRIEE S HBEHA

1.1 CRISPR/Cas9 )& R FIfAZ A 2

CRISPR/Cas9K 5 118 2 41 1 AR ER 73 ity AL R R R AR 2 2248, HHRNAXFA
12 098 B AL BRI AT R S MR IR, JE I Cas B (AT VI, S EUNAZ 15 5 AN
RXBR B, TR B 5 1) S A U,

FLAE 1987 4F, HAKPUKS: (OsakaUniversity) 75— 40 E& 4 i) ) B 14
T R 5 DR R AT FE B, A IULAEE T A 5 DR ¢ ) DX 45 1) B AP AE — /D BUAN R 3-8 19
DNA Jr B, X886 B ph 1] 5 3 52 e A1 2B R, T ELAE P B R i i A AE —
B K KRR 0751 o B 5 R 70 R I I o 18] B 5 52 17 90 V2 A7 A T4 Ry
SR R A o K R R AR 2 A0 T R K 4 o AR B R SR S )% & 4t CRISPR/Cas
/%é}ﬁ[%ﬂo

FEAN A SO 2 A 2E B, CRISPR 3 (A HEYE A 52 B A% 77 BINAR (K197
AL IR BE B L T B 7K PARMK,  — ELAMIE I R BOR Wk B AR N AR TE 18
CRISPR [RIARRA WA T EH . B 1 27 BEERTE CRISPR/Cas9 T HiME B
IR BEAMNE R AR 7~ 2 B . CRISPR/Cas9 TPt Wit g AR Sk AMJE B kL 5 B3 = AN
BR: H—P /& CRISPR [ B A AR ) [H] B X B3R AS, 58 /B J2 CRIPSR F:[H
[¥) 9 I (CELFE i R 53 S5 I RN 1), 2 =25 /& CRISPR/Cas R GG LI R A%
B R AN AL YT K T4 . CRISPR (14 153 FE i 2% 1) (8] B [X (spacer) (11345, EP
AhRNARZ AW B PR B TR DNA | 19bp 19— /INBE DNA J7 51 #8421 1 32 B 10
SEINAH, #EA AL E AT CRRSPR [ 5" 3 1 AN #5541 2 [l (repeats) . [,
CRISPR & [A i ] FU M 5 3 3" BOHEFIRE 3¢ T AN AL BN AR 1
IS RO o e B A B0 S KL L 5 [R1 B8 P 70 % 2 1) 7 B 4 PR A protospacer, 18
protospacer [1J 3" ImiEfH 3 A Bk 3 FH] R R, — MO NGG, # A
PAM (protospacer adjacent motifs). #7/H k& /75 HISRIF AT B8/ =2 AN
R A /4R DNA A PAM, ¥ IRIE PAM [ ¢ BIAE A % ik
protospacer; #AJG7E CRISPR FE [ AN 5"y A A EL B 7 415 53¢ Je 8T 1) 1) g 7 271 2
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B 1 P HEERRE CRISPR/Cas9 T A BSMEFRA R m R B
Figure 1 Schematic of CRISPR/Cas9 mediated DNA double-strand break!

CRISPR/Cas HIAIAE LI I A 1R FK B EA, B2 2005 4, =MWT5T
/NI B CRISPR (18] B 7 31 (spacer) 5 i 22 B 9 Y € R M i 38246 490 5 i FE 17
YR, HED L Th AR T e 5 A I HEBTAME B E I RNAR [ 502 REGAH K. 2007 4F,
Barrangou %5 U0V E Y& & L JF 1IE B 40 B 7T g F) i CRISPR % 4t #k Bt Mk B 74 A\
2. 2008 4, Marraffini S5 SR BLAN R CRISPR £ 4t A FH 1EAMNR R #6745,
HIOM A SEBRERIE | CRISPR REEHI IR, HRFAFA4ETT 7 #F 5L CRISPR &
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G ML T %, 2013 4241, 2o Wi 7o N 03 i o 1 — F A 1O N AR R
DJlG CRISPR/Cas9 Ht /i A % A~ S 58 & B I3 e, B AT AR e A T
NN BT 0 R0 /N B DA B 20 T 1) 2 DR RS A 1, A8 U 2 2R A 8 R
InDel 7% KR8 s PRI A5 A B SAR RN Fr BRI 2R 4
1.2 CRISPR/Cas9 WEEZ# R H N SEE SREHIHLFI

£ 14 UG ) CRISPR/Cas9 FE A 2l =30 My . 55— 40 & 5 i i)
tractRNA £, 7F crRNA BEGIFE, 5 55 tracrRNA 3£ [H 5 RNasel [l L[ 1
I, #B) Pre-crRNA BIY A crRNA, F£5 crRNA T FARLEH, )
BEAL AT (target site)o 55 #B4> 3' Jiiy CRISPR FE[HE, b 3T XA A%
18] & 7 7] (spacers)FN E. & ¥ 7| (direct repeats) I FHEFZH N, #5%H crRNA, =+
LA FT IR IFEAL AT (target site) o 55 = #7372 Cas B F g i FER], €35 Cas9. Casl .
Cas2 1 Csn2. Cas f7fE T CRISPR A7 s Fff3r, #wfS—FiXliE DNA X IRHEE, RETE
guide RNA 5| 5 XA SGHATUIE]. &5 folk BEIHREZAL, (H2 B AT EE
B AR R AR A, T HAS BURR 2 13,

CRISPR/Cas9 5 F: R gt 1 i PR W] 2 fio, E2 o =120, 25— Cas9
S R CRISPR A= A1 J A 12 i 45 FH 110 16 B 7 71 P 2 ik (‘B 97 e s 1 2 3 i (1 e
0 LN guide RNA), %5 - guide RNA XTI fi7 £ PAM(protospacer adjacent
motifs) IR A K Cas9 25 (/1 5 FIEAL 5. 58 =& Cas9 & (X SEIE R 34T V)%,
FEAEE DNA Wi, 76 DNA S22, S/ Amdddm AFIshk, mae
SRR AE 1 AR U2,
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& 2 LSS gRNA (chemricRNA) /5 Cas9 E[F & gl
Figure 2 Schematic of gRNA (chimeric RNA) guide Cas9 site-specific cleavage in

animal genome!!

FERGE I (1) CRISPR/Cas9 R4tH, sgRNA J&45 3 R MEK), Cas9 ik i

FIA AR b, v LS AT B BN (R RF 5 1Y) sgRNA 20 & 04T S (K] i
T TERINREVE R DNA SEEE 44, Cas9 75 B AR [H (1) RNA #3t1Rl

crRNA (CRISPR RNA) F1 tracrRNA (transactivating crRNA ). #R1fi, I # [
FLAR B, IXFERIB RNA 0] DUE BT 6 AL A — i B 5 ] RNA (single-guide RNA,
sgRNA), AATHR I FRe S5O0t JeEAT AL 2 & B, TR R 315 RNA (single-guide
RNA) Rl sgRNA, HAEKFFHELLIGFE RNA EE5Y/r 3 Cas9 PIRIFLIEFH 3
# DNA XU . N A ) sgRNA ff CRISPR/Cas 4t/ 5 ¥ & K g 457 R

NG E R, HFH OB T R N,
1.3 CRISPR/Cas9 B4t 15 A {H{E
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SR g H AR R AR D e B F B —, N TR N V)R (engineered
endonuclease, EEN)FJHI, 2 ZEDR i HAR B KRB . BEFa % IR A V) (zine
finger endonuclease, ZEN)# R 928 — RN TR N VIBE. #6248 —Raeig s
EDNAME A, ARG S 7 b R — S5 H B4, ZFN
BEIR R 5 N VIRGFok 1 Rl T T BRI AZ R A VIRELS), B W] DATE % b 52 A ik
PR F R e o B AT R R . H2, BT ZENMHl s i 4%, AR s, It
HH AR LRI B A B UK R A w2, B DL S0E B 3087 % 12
(transcription activator-like effector nuclease, TALEN)— L7210 KT8 AL
TZFN. 2009 4F, Bl 508 —FhoKRE 306 # (Xanthamonas ) 4% (1) 2R e S0
PRI 1~ % % ) (transcription activator-like effector, TALE)S5DNA b3k i 37 3¢ £ fift 25
e8Ik, BN AR N TAZER N V). TALENFIZEN —#F 1] LUK & 4% (3L R 41
BEATAS AR BB, (A I A AR T B, R MR IR, RIUE, E2012 4FAE
(BE%) (Science) 4t E VP A+ KRS R 2 —12,

SRIMTC I RZFNIS R TALEN, #/2& HDNASE & & A SR N VIEFFok 1 s
M A feifr 2l i 58 N B3 e il 1) — b 208 N TA% R N VJBECRISPR/Cas9, 5
PR ALR A T (zine finger endonuclease, ZFN)FIZE % 50 B 730N W% 12 ity
(transcription activator-like effector nuclease, TALEN)—FER] F T & # & 24 52 R 4H
ogmis, WO RN TR HN VIR . CRISPR/Cas9-5ZFNFITALENIX i fl A
THFREGANLL, A, MXHFZENATALENTG &, CRISPR/Cas9fy % fij By
fEPREE, A T 2 7 A S 5 % O H 9 48 AR AR T ZFN B{ TALEN .
CRISRP/Cas9ift A] LAXE B V) I, /EDNARIRE &7 B Hili ek U 1, X pesk
A2z 5] RS AR A YR A i i N (NHED), AH AT LIS 480 i 4 [ Y5 3 4H (HR) ML o S
BAIET, (Rl 20 B 1 [R)— SR 5 Ak B CRISRP/Cas9 ) F777 Ax ) BABE 1) 1 AW e
D) Vi 6 P [R50 B 2H ke B AR R0, A R TR R A A N (M 2R A [
Ik, FIF Cas9 1EAY) AT L ot/ S5 R s S8, ROR BRI T AETH]
PR A AN R A E ISR - DingZ2ECell Stem Cell i1, £ AMIiPS 4
Mk, TEAMMAHTE . oA g M ARl LR FEAL A IR A1 L T, CRISPR/Cas9 (1)
T MR 2 /DR TALENII2AE DA b, I HAB R AL B R A s . A
iPS 20 FE VR YT 328 N RIBAL B (1 77 TH A 76 TR ORI A 52124,

5



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



