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Abstract. The utility of artificial microBRNA (amiRNA) to induce specific gene silencing has been
reported in many plant species, but silencing efficiency of differently designed amiRNA constructs in
transgenic plants is less predictable. Thus, pre-validation of the silencing efficiency of designed
amiRNA constructs is indispensable. In this study. to target the mRNA of SmPAPI, a R2R3-MYB
transcription factor gene of Salvia miltiorrhiza, two amiRNAs were designed using WMD3 (Web
MicroRNA Designer) , designated as amiRNA1-SmPAPI and amiRNA2-SmPAPI , respectively. The
transient co-expressions of the two amiRNAs constructs combined with the 35S : SmPAPI plant over-
expression vector were subsequently examined by Agrobacterium-mediated transformation into
tobacco leaf cells, respectively. Results showed that the expression level of amiRNA2 was almost
twice that of amiRNA1, and the silencing strength of SmPAPI by amiRNA2 was 2. § times higher

than that by amiRNA1. The significant negative correlation between amiRNA abundance and
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expression level of SmMPAPI at both the mRNA and protein level was observed in the transient agro-

infiltration assays. Therefore, the assay for the transient expression of amiRNA in tobacco leaf cells

can rapidly and effectively pre-validate silencing efficiency of diverse designed amiRNAs, and

provide an important reference for subsequent genetic transformation in plants.
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1 Over-lapping PCR

Table 1 Primer sequences used for over-lapping PCR

Primers Primer Sequence (5"—3")

amiRNA1/amiRNA1*

1 GATAAGCTGCATATACTCGGCGTTCTCTCTTTTGTATTCC

I} GAACGCCGAGTATATGCAGCTTATCAAAGAGAATCAATGA

Il GAACACCGAGTATATCCAGCTTTTCACAGGTCGTGATATG

I GAAAAGCTGGATATACTCGGTGTTCTACATATATATTCCT
amiRNA2/amiRNA2 *

1 GATTCTCATGGGTTTGGGCGCGTTCTCTCTTTTGTATTCC

I} GAACGCGCCCAAACCCATGAGAATCAAAGAGAATCAATGA

Il GAACACGCCCAAACCGATGAGATTCACAGGTCGTGATATG

I GAATCTCATCGGTTTGGGCGTGTTCTACATATATATTCCT

H ’

o

. Over-lapping PCR Detlef 1. 24 amiRNA SmPAPI
Weigel “Protocol for cloning of artifi- 35S:SmPAPI
cial microRNAs 7, over-lap- LB
ping PCR . Bgl 1l , 28°C 36 h;
BstE Il N (Bglll : 5-CAT- LB (400 L) , 28°C
GGTNACCGATAAGCTGCATATACTCGGCG-T-3’ (160 r/min) ; OD
5'-CATAGATCTGAACACCGAGTATATCC-AGCTTT- ODgp= 0. 6~0. 8 , 10 mmol/L
3’5  BstE II: 5-CATGGTNACCGATTC-TCAT- ; ODgypo = 0. 1,
GGGTTTGGGCGCG 5'-CATAGATCTGA- 100 mmol/L (Acetosyringone, As),
ACACGCCCAAACCGATGAGA-TT-3") , 4 h;
amiRNA1/amiRNA1* | amiRNA2 /amiRNA2* , 25°C £ 2°C, . 16
. PCR N h /8 h . 2000 Ix
. 2 ~4d, ) pCambial302
1.2. 2 35S:amiRNA-SmPAPI
1.2.5 amiRNA SmPAPI mRNA
. amiRNA1/ PCR
amiRNAL1* amiRNA2 /amiRNA2* RNA,
pCambial302 Bgl I Schlappi ™ DNase [ RNA(
BstE [l ; T4 DNA), PrimeScript TM RT
DNA 4°C , amiRNA /amiR- reagent Kit (TAKARA, )
NA* pCambial302 ; RNA cDNA , One Step Prime-
EH105 Script miRNA ¢DNA Synthesis Kit (TAKARA,
. Lol . ) amiRNA polyA
.23 35S:SmPAPI . ubiquitin ,
SmPAPI (ORF) RT-PCR PCR (real-time
TSK108 , , PCR) amiRNA  SmPAPI
pCam~ o PCR
bial1302 (pCambia35s: C3F) CaMv-35S “i1Q™s5 PCR ” s

Nos s 35S:SmPAPI
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2. RT-PCR . NA1 amiRNA2 amiRNAT*
Table 2 Primer srigtﬁinr;:eespuczed for quantitative AmiRNA2*
Primers Primer sequence (5" —3") 1 ° amiRNA ’
Nt-UBI-F TCCAGGACAAGGAGGGTAT pRS300 ’ over-lapping PCR
Nt-UBI-R GAGACCTCAGTAGACAAAGC pRS300 At-MIR319a miRNA /miR-
SmPAPI-1-F ATGAGAGTCTCCTCGCGGAGC NA* amiRNA1/amiR-
SmPAPI-1-R ACCTCAACACCAACGCAGCCAC NA1*  amiRNA2 /amiRNA2* X o
SmPAPI-2-F GCGGAAAGAGCTGCAGATTGAG ver-lapping PCR X
SmPAPI-2-R GGATCCTCCACCTCCGGCCAG 9 pCambial302 35S
amiRI-PAPI-1 GATAAGCTGCATATACTCGGCG
amiR2-PAPI-1 GATTCTCATGGGTTTGGGCGCGT Nos ¢ 2, ’
amiRNA /
1L 2 6 amiRNA  Small Northern Blotting amiRNA”™ .
RNA, T4 PNK s over-lapping
p32 3 Small RNA PCR amiRNA1 - SmPAPI
. . . amiRNA2-SmPAPI .
Small RNA N Li [ 2.2 amiRNA
o amiRNA
1L 27 SmPAP1 Western Blotting , amiRNA1-Sm-
( 1cm X 1cm) PAPI amiRNA2-SmPAPI
50 mL , ; .
SDS s 100C 10 min, ’ .
10000 r/min 5 min, 5 uL N o
. SDS-PAGE N PCR C 3. A, (
\ \ . Li , CK) PCR
REY N ; 2 (amiRNA1  amiRNA2)
PCR , amiRNA2-
2 SmPAPI amiRNA1-SmPAPI ,
2.1 35S :amiRNAT-SmPAPI 358 : amiRNAZ- PCR ,
SmPAP1 2 RNA Small RNA North-
amiRNA  SmPAPI ern Blotting, small RNA
; SmPAPI o C 3. B, (pCambia-a-
R amiRNA miRl1  pCambia-amiR2) 20
s nt , amiRNA1-SmPAPI
amiRNA . amiRNA2-SmPAPI ;
WMD amiRNA PCR R
SmPAPI mRNA 3 amiRNA1 amiR- amiRNA2 amiRNAL1,
NA2, WMD amiRNA R amiRNA
amiRNA1 amiRNA2, amiR- , amiRNA amiRNA*
NA1 amiRNA2 SmPAPI mRNA , amiRNA
—45, 37 —49. 23, amiR- o
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A At-MIR319a* At-MIR319a
At-MIR319a g —l aagagcticcttgagtecat l—l ttagactgaagggagctcee l— 3
5 | 9a0ag gag | | Mggacigaagggag | 3
B
amiRNA1* amiRNA1
pCambia-amiRNA1 /// | assp /—{ acaccgagtatalcoagottt l,—|| taagcigeatatacteggegt |,—|| NosT | ;/
amiRNAZ* amiRNAZ

e A / /
pLambia-amiriNAZ /H 358-F’)—i acacgcccaaaccgatgagat i—‘ ttctcatgggtttgggegegt i—i Nos-T H/ﬁ

R2R3-domain {5 X CiiirdF X
C (Conserved region of R2R3-domain) (C-terminal non-conserved region)
= A
' ™ ' ™
| | | 0 -
| |
amifRNAY amiRNAZ2
A MIR319a . MIR319a MIR319a* ; B: amiRNA1  amiRNA2
s amiRNA1 amiRNA2 amiRNA1* amiRNA2* ; C. amiRNAI1
amiRNA2 . 35S-P. CaMV 35S ;5 Nos-T: Nos R

A Linear structure of the At4/V[IR319a stenrloop structure. Sequences of MIR319a and its complementary region (approxi-
mately MIR319a* ) in the gene are displayed in boxes. B: Structure of binary vectors for expression of amiRNA1 and amiR-
NA2. Construct names are indicated on the left. The sequences of the designed amiRNA and its complementary region (ap-
proximately amiRNA* ) are displayed in boxes. C: Representation of amiRNA1 and amiRNA2 targeting sites for SmPAPI ,
respectively. 35S-P. CaMV 35S promoter; Nos-T: Nos terminator.

1 35S :amiRNA-SmPAPI
Fig 1 Design representation of 35S : amiRNA-SmPAPI constructs

Bgl1l BStETI
miRNA* miRNA
= —c>—
CaMV'355-Promoter Pri-At-miR318a Nos Terminator
355-P i - 4 1P EE-P - Nos-T

P - <—mm 2F

l 18T round PCR

— = -
- — |
355-P =P = NosT

l Over-lapping PCR

{ - | | '

l Insert into vector

BglTl BstETl
amiRNA® amiRNA
1 i
CalMV355-Promaoter Nos Terminator

2 35S :amiRNA-SmPAPI
Fig 2 Schematic diagram of 35S : amiRNA-SmPAPI construct

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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A: amiRNA1 amiRNA2 PCR ' 1'%, 2% 27 & amiRNA1  amiRNA2

PCR . B: amiRNA1 amiRNA2  Small RNA Northern Blotting ; pCam-
bia-amiR1  pCambia-amiR2: amiRNA1-SmPAPI amiRNA2-SmPAPI
RNA; pCambial302: pCambial302
RNA; CK: RNA, ubiquitin PCR
. U6  Small RNA Northern Blotting ~ RNA R

A'; Detection of both amiRNA1 and amiRNA2 abundance by real-time PCR; 1# and 1’ #, and 24 and 2” # re-
present two biological replicates of amiRNA1 and amiRNA2 abundance by real-time PCR, respectively. B: Detec-
tion of amiRNA abundance by small RNA Northern Blotting assay; Lane pCambia-amiR1 and pCambia-amiR2: To-
tal RNAs from tobacco leaf infiltrated by agrobacterial solution containing amiRNA1-SmPAPI or amiRNA2-Sm-
PAPI expression vector, respectively; Lane pCambial302; Total RNA from tobacco leaf infiltrated by agrobacteri-
al solution only containing pCambial302 blank vector; CK: Total RNA from wild-type tobacco leaf. The ubiquitin
gene of tobacco was used as the internal reference for real-time PCR. U6 was used as the internal reference for sam-
ple loading of total RNA in small RNA Northern blotting.

3 amiRNA1 amiRNA2
Fig 3 Assay for transient expression level of amiRNA1 and amiRNA2 in tobacco leaf cells

23 SmPAPT mRNA amiRNA2  SmPAPI amiRNAL1,
amiRNA RT-PCR « 4. B
SmPAPI , 2 amiR- amiRNA1 + 35S:PAP1 amiRNA2 + 35S:
NA SmPAPI PAPI 240 bp 450 bp
) 2 . PCR ,
amiRNA SmPAPI ;
. 2  amiRNA  SmPAPI mRNA amiRNA1 + 35S:PAP1 SmPAPI
) R , amiRNA2 + 35S:PAPI1 SmPAPI
SmPAPI mRNA ’ , amiRNA2  SmPAPI
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A Detection of SmPAPI mRNA abundance by real-time PCR; B: Detection of SmPAPI mRNA expression level
by RT-PCR. The ubiquitin gene of tobacco was used as the internal reference for sample loading. CK: Wild-type
tobacco leaves; 35S:PAP1: Tobacco leaves only infiltrated by agrobacterial solution containing 35S: PAP1 vector;
amiRNA =+ 35S:PAP1: Tobacco leaves infiltrated by agrobacterial solution containing 35S: PAP1 vector and 35S:
amiRNA-SmPAPI vector.
4 amiRNA SmPAP1T mRNA
Fig 4 Effect of amiRNA on SmPAPI mRNA abundance in tobacco leaf cells
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Western Blotting R C 5,6
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CK: ; 35S:PAPI1:

35S: PAP1
35S : amiRNA-SmPAPI

; amiRNA
+ 35S:PAPI.

HSC70

CK: Wild-type tobacco leaf; 35S: PAP1: Tobacco leaf only infiltrated by agrobacterial solution containing
35S: PAPI1 vector; amiRNA + 35S : PAP1: Tobacco leaf infiltrated by both agrobacterial solution contai-

ning 35S : PAP1 vector and that containing 35S : amiRNA-SmPAPI vector. HSC70 protein was treated as
the internal reference for sample loading.

5 SmPAP1 Western Blotting
Fig 5 Western blotting assay for the expression level of the SmPAP1-Flag
fused protein in tobacco leaf cells
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