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ABSTRACT Objective: In order to create a protocol for multiple expression of arbitrary miRNAs in tandem with multiple
pri-miRNA expression reading frames for the functional study of miRNA clusters or miRNA families. Methods: By modifying the
CRISPR/Cas9 system co-expression vector 42230, the EGFP coding sequence and a single pri-miRNA sequence were inserted to enable
visualization of a single pri-miRNA expression. Based on a single pri-miRNA expression vector, the next pri-miRNA sequence was
inserted by homologous recombination to achieve tandem expression of multiple pri-miRNA expression reading frames. Results: Taking
three miRNAs of the miR29 family as an example, the feasibility of pri-miRNA expression in reading frame tandem connection was
verified. In multiple pri-miRNA expression vectors, miRNA maturation assay results showed that pri-miR29a and pri-miR29b were able
to be processed to mature in mammalian cells and their mature bodies were significantly overexpressed. In transfected 293 A cells, target
gene PTEN of miR29 family expression level was significantly reduced. Conclusion: The pri-miRNA multiple expression protocol that
we constructed enables the co-expression of multiple exogenous miRNAs in the same cell. It plays an important role in exploring the
antagonistic or cooperative regulation of miRNA family and miRNA cluster.
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2 A4 (TIANGEN ) 5293 A 41t (AR 525628 1% 7% ) ; NovoRec
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% 1 Stem-loop ZEIR R EERIEFF S

Table 1 Stem-loop reverse-transcription-specific primer

Target

sequence (5'to 3')

miR-29a-3p-RT
miR-29b-3p-RT
miR-29¢-3p-RT

miR-16-5p-RT

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTAACCG
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAACACT
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTAACCG
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGCCAA
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Fig. 1 Multiple expression of pri-miRNAs vector construction process

2.1.1 B4 pri-miRNA RiEFERME  FHRGIEN DB 1767 PCR $HIE, Fi dE A s , PCR =K/ 410 bp (426
BamH 1 AL 84k PX330-U6-BamH 1-CBh-EGFP (8] 2A B).,  bp.426 bp([&] 2F .G \H), ZF RS , 5 e 45 R AR, 24
LI GT1-7 3P4 R i, 40 3ILL pri-miR29a/b/c Bl ¥iii4T PRI

PCR ¥4 H¥ i BL (1€l 2C D \E)., LA pre-miRNA-seq N5 |#)ilk

C ' o D E
primer: pri-miR2%a prmmer: pri-miR2%b
1 NC M M 1 2 NC NC 1 2 NC NC M

primer: pri-miR2%¢

[ 2 A pri-miRNA FAHEHHESWIE AB L3 RE 1R VIEE BamH 1 BRI PX330-U6-BamH I-CBh-EGFP #{i F ik [ ;
C.D.E [ GT1-7 EFE A AR 4> B LA pri-miR29a/b/c ki 43442 PCR #1245 3 pri-miR29a, pri-miR29b . pri-miR29¢ £ ;
F.G.H &% PCR 43 5l 56iF 55 28 5141 ;
Fig. 2 Construction and Verification of Single Pri-miRNA Expression Vector
A, B After restriction enzyme BamH I digested PX330-U6-BamH I-CBh-EGFP vector electrophoresis;
C, D, E Prim-miR29a, pri-miR29b and pri-miR29¢ fragments were amplified by PCR using prim-miR29a/b/c upstream and downstream primers from

GT1-7 genome as template; F, G, H colony PCR were used to verify the recombinant plasmid;
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2.1.2 4 pri-miRNAs S EREHELME  AHRGEEN B 5 630 bp B 9 7 B (& 3B). LI 42230-EcoR I-L,
VI EcoR 1 %75/ pri-miRNA FiAARIEATEEDI (I 3A), LI 42230-EcoR I-R 2 [R5 9% 40 ok g4 7 7% PCR B6IE,
F 3 % S A B pri-miRNA TR AR AR, 292 Mul-  PCR j=4) 825 bp([& 3C)., &IFIIET , 5HIS45 F AR, 25
ti-miRNA-F1 Multi-miRNA-R1 & _F R 5 937 PCR 8K (&8s,

EcoRI M

C
BM 1 2 3 M 1 2 3 4 M
7000bp
5500bp
74 1007bp
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& 3 # 4 pri-miRNAs £ ERILFHEWTESWIE
Fig. 3 Construction and validation of two pri-miRNAs multiple expression vectors
A ZHRFIERVIEE EcoR 1 AbIBRYEAA pri-miRNA £ ; B L PX330-U6-pri-miR29b-CBh-EGFP, PX330-U6-pri-miR29¢c-CBh-EGFP A ##&1fy
43 3L Multi-miRNA-F1 Multi-miRNA-R 4 _ETiiE5| #9347 PCR #14, 521 A U6-pri-miR29b,U6-pri-miR29¢ 5 B ; C B7% PCR I iE & 4H Fifi ;
A single pri-miRNA vector treated with the restriction enzyme EcoR 1;
B PX330-U6-pri-miR29b-CBh-EGFP, PX330-U6-pri-miR29c-CBh-EGFP as a template, Multi-miRNA-F1, Multi-miRNA-R for the upstream and

downstream primers PCR amplified U6-pri-miR29b, U6-pri-miR29c¢ fragment; C colony PCR validation of the recombinant plasmid.

2.1.3 =4 pri-miRNAs S EFRFEHEMHEE RGN BB (& 4B), DL 42230-EcoR I-L 42230-EcoR I-R 3y |
YIE EcoR 1 264k AL 3 PX330-U6-pri-miR29a-29b-CBh-EGFP  §i#5 | #)3#E47 %74 PCR B63iF , 571k Hi 4714 B B T 1007-1522 bp
(B 4A), LI GT1-7 ﬁtuéﬂﬁ&fﬂi 43 B Multi-miRNA-F2 . Z Al FH TR (] 4C) . S0P 50E 5 , S5 Be 45 A, 2%
Multi-miRNA-R2 3 | R 51947 PCR 975K B0 631 bp RIS

C M1 2 3 4 5 6 7
1522bp
1007bp

EcoRI M +

7000bp
5000bp

B M 1
674bp
S0Sbp

& 4 =4 pri-miRNAs £ ERIZHEHEESHIE
Fig. 4 Construction and validation of three pri-miRNAs multiple expression vectors
A Z5TRR %1% R IEE EcoR 1 MR R MK BIER K PX330-U6-pri-miR29a-29b-CBh-EGFP ; B PX330-U6-pri-miR29¢-CBh-EGFP 3 #&4§,
Multi-miRNA-F2 5 Multi-miRNA-R _E 5|44 PCR ####9 U6-pri-miR29¢ 1 B ; C B % PCR Xt EARAFITIRIE;
A linearized vector PX330-U6-pri-miR29a-29b-CBh-EGFP treated with the restriction enzyme EcoRI; B PX330-U6-pri-miR29¢-CBh-EGFP as a

template, Multi-miRNA-F2 and Multi-miRNA-R for the upstream and downstream primers PCR amplified U6-pri-miR29c fragment;
C colony PCR to verify the recombinant plasmid

2.2 pri-miRNAs & BRIEXRA AR HIRIZ LA i3 1l 6 B,
221 BEBHEEES 293A 4ARE A0 AR 24 h S iR 5 Bf A A 293A 41 g M L, PX330-U6-pri-miR2%a-

XFAMAEIEA TSR IR HBR BRI TG 0 . Qi 5 s, SE8G4] 29b-CBh-EGFP ORI Y4 miR29a JEHij# 3Rkt 7.251 4%,
Yl % Y PX330-U6-pri-miR29abc-CBh-EGFP W Mg 540, i 3Rk /KT 8.2, miR29b JEHi# RIE 1Y 9.223 £, it Tkl
585, % PX330-U6-pri-miR29a-29c-CBh-EGFP it % % 4t 41
2.2.2 Real-time PCR #&ill RNA /K FERERZE SE/AER  miR29a FHFER 293A A hFARAY 6.224 %, 3 Fkt hy
293A AHAH L, PX330-U6-pri-miR29a-CBh-EGFP ififs jeel W 2% ;PX330-U6-pri-miR29b-29¢-CBh-EGFP Jii #i 5% 4+ 41
miR29a J& [ H R A E A 7183 fF, i REKTF B FE; miR29b ZEER 293A 4IfRFIA RN 3.243 £, i FRIEMN
PX330-U6-pri-miR29b-CBh-EGFP [ ki 4% L 4] miR29b Z /i %, miR29c JEEFARIFHARAY 1.412 4%, Kt Fzik, ik 7 iR,
TR EM) 4397 1%, o FikKF B ;PX330-Ub-pri-miR29c- Wy A= AU 293A 41 fifd A kb , PX330-U6-pri-miR29abe-CBh-
CBh-EGFP Jfi kit Yt 20 miR29c &/ & ik 819 0.6913 4%, 0] EGFP FukifhJe4] miR29a i Fik 1Y 5.303 %, i Fik/K
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Fig. 5 The expression of green fluorescence in 293A cells after 48 h transfection
4B S B MER B B %E 4L 293A 4AHf 48 h J5 : PX330-U6-pri-miR29abc-CBh-EGFP [k L4870 ¢ L Bg B
LR A BR A A R BB B e S AR

15 1 control group
= experimentall group

10 -+ *

*

5 - 1

1

0 [ ] T T T
. g’jb’b ' 8390 ‘ g:f}(a
& & &
[ 6 pri-miRNAs BANFRIXFH AT 293A 4AE miR29a,29b.29¢ Fik
BIRSAE
Fig. 6 Effects of single pri-miRNAs expression vector on miR29a, 29b, 29¢
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expression in 293A cells

2.2.3 Real-time PCR #:iU/$8E [F PTEN X RiXE EA#K
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Fig.7 Effects of two pri-miRNAs multi expression vectors on miR29a, 29b,

29c¢ expression in 293A cells
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miRNA YA, H miRNA s LA KA (HU, ZHRIRE
PRXT A8 T BE 0 I R T MR IR AR
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Fig. 8 Effects of three pri-miRNAs multi expression vectors on miR29a,

29b, 29¢ expression in 293A cells
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Fig. 9 Effect of each vector constructed on PTEN gene expression in 293A

cells
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ROMEEL RS, AT 1) pri-mi29c £ 5K B 30nt A% Y
15 B 3 () 0 32 7 %, (B R RR AT SR I A ik B BE 8l
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K AHIBA 20 PTEN Ji LA 1A X 3kt , 3X AT RS2 A A ik
b miR29a KB IA . BNTH 2, A i I LA miR29 F
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S R # R . T e RNA 7K | miRNA A A 1

T RIRIR SR RE R K- b A 2k B ) 22 SRR W T AR

PHRFE M AT A 2R 3 7454 miRNA 37 355 1) 2 7l
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FEE A HY) pri-miRNAs #f A F AR LU T miRNA 72 5%
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NA 7750 X —BERXT T ARRIATRER miRNA FEHIT miR-
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