MINXZZH®R(EFHHR) 2025, 56 (4) :1038 — 1044
J Sichuan Univ ( Med Sci)

A EF M FETFTZ B U6/3 31 F3FCRISPR/Cas99y SH
HEERENENEN
LER @, % §', HEE % £, fIEEV

L PO RAEAE PR B 2 SRR R 2 Bt AR BRI . (AR 610041);
2. PUNIREAAEPYIERD B2 5 1 B e PR B B BT 2. (IR 610041)

[HE] BB AUFIEIILLIT I BRFTL L (Caenorhabditis elegans, C. elegans) AR, ¥R57 H N IEYEU6JH 3 1% dpy-
10FE P GRBCRIE M . 3% FIFHWormBase$ s i % C. elegansPIIRTEUG6 snRNAKE [N ; il i 4> F e e A, LA
PSX524FTHE (P, ,::Cas9::tbb-2 terminator:: U6y 1:dpy-10 sgRNA ) AIEAR, BACHUG s ) 21 F, LA EEH A 14505 1] dpy-
T0FEPRAYFTHRARAA; SR FbR AL SO SRR, ST B RUC. elegansift A7 FE IR 4, 5T HF 110LR Hidpy-10 5 R 5848 A i
T, T 25 R i 4 0 R e O R i AR R O TS W h5 . 85 R M WormBase 34 24K 15151U6 snRNAKE K]
(T07e5.16\f35611.9\ 120d3.13. k09b11.15. k09b11.16, w05b2.8. c28a5.7. f54c8.9. k09b11.11. k09b11.12, k09b11.14. t20d3.12
f54c8.8. f54c8.10, k09b11.13) o HET I Xl Gt B A8CRE IR S8CHE PR G 0 418 500 3 S PR IR B I Mt A T PEAN R, R 4 U6k
[ (w05b2.8. c28a5.7. f54¢8.9. k09b11.11) J& 21T RE I 354 o5 1 DR i ) ) B 28, LR IO T A RS 3 -, 45 C. elegansTf
FEH 2 AL UG 05 1 F UG g0, S BT BEAN, ZEE FHEI AU, 03 B AU, gRNA™ S 40A %S T gRNA ST
I EERRESCR, e AFREE THRREEIREC eegans kK g MIU6)E sh T, #/8 T U6)3 sh ALk
TESE R i ZR G0 v 1) GBS Gt B PR 4 S SRR T TR BHE, I A AR s 5% v A CRISPREA SR 14T JELES

[X@IA]  FWEATLNR UekishT  CRISPR/Cas9  JEN%ifH 2R

Effect of Different Caenorhabditis elegans U6 Promoters
on the Efficiency of CRISPR/Cas9-Mediated Gene Editing

FENG Lixiang ®', HUANG Ying', ZHAO Ronggian', ZHANG Kui’, YANG Wenxing ®'*. 1. Department of
Physiology, West China School of Basic Medical Sciences & Forensic Medicine, Sichuan University, Chengdu 610041, China;
2. Department of Forensic Pathology, West China School of Basic Medical Sciences & Forensic Medicine, Sichuan University,
Chengdu 610041, China
A Corresponding author, E-mail: yangwx@scu.edu.cn

[Abstract] Objective To investigate the effects of Caenorhabditis elegans (C. elegans) endogenous U6 promoters
on dpy-10 gene editing efficiency. Methods We screened endogenous U6 small nuclear RNA (snRNA) genes of C.
elegans from the WormBase database and constructed 14 editing plasmids targeting dpy-10 by replacing the U6,
promoter in the pSX524 plasmid (P, ::cas9:tbb-2 terminator::UG s s::dpy-10 sgRNA) through molecular cloning. Gene
editing was performed in wild-type C. elegans using a standardized microinjection protocol. Gene editing efficiency and
the high-efficiency gene editing index were quantified based on the screening of dpy-10 mutant phenotypes in the F1
progeny. Results A total of 15 U6 snRNA genes (107e5.16, f35c11.9, t20d3.13, k09b11.15, k09b11.16, w05b2.8, c28a5.7,
f54¢8.9, k09b11.11, k09b11.12, k09b11.14, t20d3.12, f54¢8.8, f54c8.10, and k09b11.13) were identified from the WormBase
database. Based on the editing efficiency and high-efficiency gene editing index, the activity of these promoters was
evaluated, and 4 U6 promoters (w05b2.8, c28a5.7, f54c8.9, and k09b11.11) were found to have significantly enhanced gene
editing success rates, outperforming other promoters, including U6,q,,; ;s and U6y, 1, which are commonly used in the C.

F+E

elegans research community. Notably, the gRNA™ scaffold did not show superior editing efficiency over the gRNA
scaffold when paired with the optimal U6,,s promoter. Conclusion In this study, U6 promoters that significantly
improve gene editing efficiency in C. elegans are identified and the critical role of promoter optimization in CRISPR-Cas9
systems is highlighted. These findings provide a valuable foundation for improving genome editing strategies and offer
new ideas for optimizing the CRISPR technology applied in nematode research.
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Fig 1 C. elegans with WT, DPY, and ROL phenotypes
WT: wild type; DPY: dumpy; ROL: roller.
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AGAATGACTGGAAACCGTACCGCAT
GCGGTGCCTATGGTAGCGGAGCTTC
ACATGGCTTCAGACCAACAGCCTAT
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Fig 2 The composition of U6 promoter-related plasmids

sgRNA: single-strained guide RNA; ssDNA: single strand DNA.
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Fig 3 The effect of U6 promoters on gene-editing efficiency

" P<0.0001, " P<0.001,” P<0.01, P <0.05,vs. YW616. From left to right, the sample sizes (1) are 42, 16, 8, 12, 8, 6, 11,9, 14, 16, 7, 7, 14, 14, 7, respectively.
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Fig 4 The effect of U6 promoters on high efficiency gene-editing index

HEGE index: high efficiency gene-editing index. P <0.0001, " P <0.001, vs. YW616. From left to right, the sample sizes (1) are 42, 16, 8, 12,8, 6,11, 9, 14, 16,7,

7, 14, 14, and 7, respectively.
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Fig 5 The effect of different gRNA scaffolds on gene-editing

gRNA"" scaffold: flipped plus extended gRNA scaffold; HEGE index: high efficiency gene-editing index. * P < 0.05, vs. YW615. n = 10 (YW615), n = 9 (YW676).
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Table1 U6 snRNA-related information

U6 snRNA Alternative name Plasmid Length of U6 promoter/bp Genomic location The number of microinjections
f35¢11.9 Ueé YW611 500 I1:0.75 +/— 0.000 cM 8
f54c8.8 U6-1 YW622 500 IIl: 0.52 +/— 0.000 cM 14
f54c8.9 Ue-2 YW617 500 IT: 0.52 +/— 0.000 cM 9
f54¢8.10 U6-3 YW623 500 IIT: 0.52 +/— 0.000 cM 14
c28a5.7 Ue6-4 YW616 500 Il: —3.17 +/— 0.000 cM 42
k09b11.11 U6-8 YW618 500 IV:9.25 +/— 0.000 cM 14
k09b11.12 U6-9 YW619 500 IV:9.25 +/— 0.000 cM 16
k09b11.13 Ue6-10 YW624 500 IV:9.26 +/— 0.000 cM 7
k09b11.14 U6-11 YW620 500 IV:9.26 +/— 0.000 cM 7
k09b11.15 U6-12 YW613 500 IV:9.26 +/— 0.000 cM 8
k09b11.16 U6-13 YW614 500 IV:9.26 +/— 0.000 <M 6
r07e5.16 Ue-15 $X524 350 Il: —3.17 +/— 0.000 cM 16
t20d3.12 U6-17 YW621 500 IV: 4.18 +/— 0.000 cM 7
120d3.13 Ue6-18 YW612 500 IV:4.18 +/— 0.000 cM 12
w05b2.8 U6-19 YW615 500 IIT':5.82 +/— 0.000 cM 11
Total: 191
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