) (] 9 ] (gwtige
> ISSN 2588-5073
i3 2SI ISSN 2588-5081
4 Ol 9 )g‘ll & oylods A 090

<So8” 4 MSI4 03 Shgols 31 ookl b gl 10 AW 5o Sbw! -1 £A doxio
RNA Silencing

https://dorl.net/dor/20.1001.1.25885073.1399.9.2.5.0

Delayed flowering in lettuce using MSI4 gene silencing by RNAI DOR:20.1001.1.25885073.1399.9.2.5.0

s . e Genetic Engineering and Biosafety
)b.ﬁj;l..\ﬁj eM}fJWchéjja.wM Journal

Mohammad Manzari-Fallah, Maghsoud Pazhouhandeh* and Mona Bordbar Volume 9, Number 2
2021

QBHL)JT ;5""\", J\:@.J e@‘} g&jiju;s 0SSN g&jjjjﬁ.i:).q AJJ§

Biotechnology Department, Agriculture Faculty, Azarbaijan Shahid Madani
University, Tabriz, IRAN https://ecc.isc.ac/showJournal/23064

pazhouhandeh@gmail.com : S s Sl oy (D5 J stams ok 5

http://gebsj.ir/

(/2N 1 s dy 56— A4/ 125 55 0 50)

WS>

Ml o OF Jaamo (S5 Cuds” Bio 9 313 Sl g Wgi Sl Al 53 Al o
9 (o S yolhly 4 45 oul Calud Sl Cuwl (ST oy OBLS 10 AU Olo) £9,5

28 O H (K .08 o0 J 5 (6015 Slei) (ot Al fawgd § Cuwl dilulg oS g8
ekl Lyl yh b AU Ol B puas (Ll g (S5 DY gaze YL S os 9 (395 4w S glaosls

o 40D 95 Al 0 §3950 FYU wlogw b 9 LI SBLS wdgi coumex 10 b Ll

3 &b 47 sl MADS 4> ( wgigy 1956 <O Flowering Locus C (FLC) ( auws S Oy
= N . . N = FLC
29 0GP 3153 Jab 3 Jue gk 4 15 (AT £9,0 HiRedgS g 39k 0 (SN o e
Ol J 8 38 &5 Sl Hliseod s o (Sl O3 &9 MSIA/FVE 0 .o 0 @i FLC RNA silencing
Olo) cymt 33 Sl ik 9 Sl 35758 (P Olo 9 PINT by (oo (1T k0 9 pisS JRE

Rl Bua 885 o FLC 0 O Sl coge (Sij gl Olmd lawgs 9 3510 puls
=893 ) wx gl 33 MSI4 05 08 5 Hlao Sl RNA Silencing «Coss 1 solia!  gaisi
3 MS cds s 50 galm ol b Culs 00 dug Sl Mbo gal” ols o
I 3 9 09 o Srdigai s 3 mekius (21350 gx 9 NAA g (oiii” BAP (Slgigeson
S 30 p T /) gNAA g 50 p 5 o /) (Sanred slosd 9 ol colitul dida dw D
RNA &S 50 5L 8590 (S pwdlomiw Hlsle 3w (Slp 018 Ol 5 21550 o9 yi BAP
Sk 4leod 93 b 9 9SG PCR tawgi Ly 90wlyT MSI4 &3 (slgiil 31 (sf axtad silencing
SIST .ol 0818 1,8 PFGC5941 Jigols 195579 0930 Lywiwn KT 9 (i Zug 98 30 Jlgio
28l JE gal7 ol 4 par L9 ST dawly 4 g 0989 (il S (S pedlmie UL
9 b o)y PCR lawgs T 50 JESI 095 ygia Wil ygkaie 4 ool sy 4 5§ LS
Sl gl Lo MSI4  bgels 45 818 Ol Cd sl § QLS (pl (AT uwigd (59, il

WBgd 0 OF 30 &F g iy Wdgi 9 (U olo i 9 5 39us) LSyl (ANE 90


https://dorl.net/dor/20.1001.1.25885073.1399.9.2.5.0
https://dorl.net/dor/20.1001.1.25885073.1399.9.2.5.0
http://gebsj.ir/
https://ecc.isc.ac/showJournal/23064

wsalS s f,\l_fﬂ; sl

Qb@}cﬁﬁdjb

CAlp ALY Bl g e el s Ses ol gle
Sapeb e B ey, Dbl @ 5 L cdas o OLS T, ele s
LD FCA FY, :Jals conl ol S ps ol 53 05 £ 50 A
(Simpson 2004; Noh et FLD s FPA, FVE, FLK, REF6,

al., 2004; Lee et al., 1994; Ausin et al., 2004)

Multicopy Suppressor of IRAL 4 r,w\ 4 « FVE 0]
MSI- s o3l sl 5l (s puae 35 0wl 53 (MSI4)
Ausin et al., AL e e sdolsl 53 (MSIL-MSI5) like
sy, (2004; Kim et al., 2004; Hennig et al., 2003)
Slagzrge 03 ooy S e WSS ki 3 edlsils
ldlas ((Hennig et al.,, 2005) ol eas ol 55,80
Ol e Kos Sl gz gn 55 05 ool Sl gan a5 das o OLES
&S e 23l (OSFVE) i «(P55) &5 .Ss (RDA46/48)
a5 ,8 s 55 05 opl ol Ol wnlaal Lo s L
53 05 o) Jos (Neeretal., 1994) & s VL Sascble-
Eel 5 cl 855 FLC 5l S 0 gisd O gedlzuls
= ol ol (Ausin et al., 2004) 53 S FLC 05 &l
212 sy i a8 QLS el gl 52 05 pl S Jsepe S
SIS e V= hls el sl 00V (g5l 555, G FVE
«(Li and Roberts 2001) <ol ot a=lis WDR L WD-40
Gl 3 5 Cod eld S3b Loy Sy s O JIs
Van Nocker and . ls 5,5 Jgu o slat oS
OLES syl 53 JS04e olislesl(Ludwig 2003)
Li> Loy 8 b w53 WDR (glais, &5 das o
oS Cilte glaasl b oo IS 28 5 sl VL S
A Ol > MSI4 (Turck et al., 2007) s .« s3b
(JS Pl Cus s Eel) TRL2LHPL 0 58 o ey
roman 3338 o 3 AUS 0l s Ol fk (Sl e
Kim &S o Wl Jiee 55b w0 0lalS 55 b Sis 2 S
Sl B 05 il Slids mls 4 e L (et al., 2004)
Ol o 45 g 3,15 OLLS 55 (8IS Olej g5 ,5 s 5o

5 s b SblS 05 ol Gay SE5 et Gk

doddo
Wl oSS s S i Je Wy ln LS ObelS
56 51 JGSl gl b Oy slpz) olad Los iles S sl
sl (Kimetal., 2009) S o Jslaze 1) 2al3 56 & s,
Jolse il o s St e 3 ol 4 ) e
S35 S, sSE bo s o3 LIS des 5 58 Jold Jaoe
P slaissr (Fr M5 Ol S 5 Sse e e
ot Ol Jawg AUS LT Ol sl s o
S s ileesl (o oo 1l sl e das Lol
Boss et al., 2004; .. ,.> 4 4y e 5 (@UtOnOmous)
05 3l S SOl 50 s Sl ol .(Simpson 2004)
FT. SOCL (AGL20): la, s K5l L odeS alslde 4y p g ss
(Kardailsky et al., 1999; Weigel et al., LEAFY (LFY) &
Gk 5l AUS e gla0} S Ol S e J 2S |, 2000)
05 53 b b (S5 ) sl S sdae Sl
S o)l sy il S ol o gadS 5 ol edis e
Flowering Locus T (FT) s Flowering Locus (FLC) L
5l S el MADS aar ooy 555 5556 G FLC 030 e
53 e 5 ol RSG5 sl e Jas 4 Cilas alS 5L
(Michaels and S o (3l (sl 3 AUS Ol (ko
AU Ol (s wls Jsb 3o ,b 5| FT Amasino 1999)
3 S5 ollas . (Sheldon et al., 1999) Ll o (ko |
i 1 FLC ol e 4w o5 ol als 0L 55
S5 Sen oS (s e 5 FRI (s5le o)lg) (S e
Ol sl b gl dle (gl 108 o 56 FLC les S
£ oooled psd ¥ oOses 5 Opdlie 3 (g5 L5
O3 onl Cdlad 5l Calee (8l 5 (0 st O gDl (H3KA)
Cyye H3KO27 0 sedlie (65 0gedlinals dile o
53 yde FLC 05 . (He and Amasino 2005) .5 .«
Oly osbertls Sltl iy 1o 5 oy Gl o placend
Jbsees 5 e FLC 0Ly s (sla e 51 S o355
@ gpen () 53 25m 50 Cibge G0S Lau g 550 ) AL

- e 3T O3 (pl 3 e 3 oS el sy U

s



J\Jm;cy\ﬁéjja.w

e slS 53 alS s sl

IBMP-France .t JIs S, 53 Jol> sl aed PCR
dwjlw.h c)l.a.«i' L;JUQA &;».w).h J‘)j&j.bu ;;’Lﬂ L;‘)S
Ao S Ol LS walsl gl NCBI At2919520

e 1 g s Sy g0 4 MSIA 35 Sladad (g5 ludiluner
PFGC5941 sy s

axlad 93 é\f PCR (S Ol oS J»;jjj o5l “g LS\J"
Kl gty S plajeslp b MSIA/FVE 0 gl 5
Sl 38 plnil Log Shasn o5 slaesl gle 2
Al gl S (Vo) i b el cir G LSl

- Neol-BamHI 5 4> 4 5, el 5> 0 -Xhol-Xbal . »

-L:M)A-l X3 )\ C)L'.b_; j:.:gj ML’ Lf““:s/f j‘”..‘ﬁ BE 0/

e 23,5 plil S Ol & edd 4L PGBKT7-MSI4
A3 b Al 5 e 2 58 ) B g PCR e
oslital (g3lutiloen (sl PFGCS9AL sy oo ol 5
.l (RNA interference) RNAI 1z y25te dandly ol L0
Sils s 4 Jsb 5L cds 1160V L PFGC5941 seSl
DB gl Blawn ol 53 0 CHSA il JIg &
laal gl il A S (Multiple cloning site)
S gsltilonn b 015 o &S o0 p .ol RNA L2 el
ol 5 SVl s et ST 5 e g 53 3 0 ankd
b s, e 05 sl RNAT o3l &G szl opl o
S 0580 sl ekiS 05 05 5l CHSA 0,3l 3500
Fsesp el ol a8 bl LS (Chalcone synthase)
Salise orans 3 5 LD pl 53 35750 CAMV 35S
sl ol sias S (Cauliflower Mosaic Virus) s IS
oyl .l Octopine synthase (OCS) o Loyl odias
) el 4 cuglis 05 Ll immes dendl
o=zl gl T-DNA C)L>'-(Kanamycin resistance gene
basta iScale 4 cwslis 05 5 Eocoli oS e o
L )5 ol gl T-DNA - |=1> (Basta resistance gene)
O JK2) cl alS cis

jd:Lﬁ\jd@Aébw}\é;)ﬂw,\{ upl;'— g_,\.;j.;j

.MQW\;beJ}}&})‘J

Jomily 1 OF ologr 5 G g5 0 x5 L ol oS
Wy cer s SKow 0 L gl ok
slols ¢l s cl S Glewsls 5 S 55 bapSs
RNA - o eSS asls D13 4 5550 (S35 g
S Cl 63,8 5 L K55 eyl 51 S Silencing
bl olS s OLKes 5 05 bw g VA4 L s L sl
s b LS SIS 5o sl 5 A edls Gais
5 g 5,8 e 1B eslinal 550 il Silal g a0
ol 2 e sl 5 OlS Ll an S e glacs iy w
A5 Gk Sl il l el Gl s S
3 e 53 O Ol 55 sl i 550 05 GLaSIRNA
A el A e ) g0 (oS A 53 5 S e B
5 585 ol olS s MSHA 05 055 L selst axdllas ol it
Gl () gl Al o llS s 8 b ol elS A
Gl S5 Sl andie ¢ Jol oS 0350 (63 115 1 05dle
F ol Loy allS s 68 2L 5 o3 K3l aul OlalS

Al e rﬁ\ﬁmwéswlﬁjjwl Caot]

L“f})}"}‘

s 9551 ol 5IMSIA 05 iS5 5 (g5l
S o 9l )T I8 (6l 51 e azl CDNA Sl sslizal L
A Plasmid Editor ,|3le 5 L 45 olast! sle ol L PCR
C,.LLM: d}l} « MSI4 Qj LSL@‘ B U;’;\ g.L;J).g ol L}:-lj.la
(V) sy 3 53 BamHI 5 5" s Ndel slaw 5l 5
03 ks S SG L ca VoYE Jsb 4 MSI4 05 5 1S ol
5555 oy Cbsen 5 PCR Ugams S5 sl o casls|
sAl 5 J5 5l bl bl S e s bl PGBKTY
Cote Sl Sl el 0T Bladl ST (g5l

L 05 ol mnd Al Sl e i3 S ol el dendl

1yaa um)gﬁblr o)M/Wo)gé/‘shQ}‘sl.nng@jww -




0L o Sk e slS 53 AlS s sl

Table 1. Primer sequences in this study — suss -pl s eslizel 550 ls S5T JIg =V Jsar

Primer Sequence
MSI4 Ndel F aaCATATGATGGAGAGCGACGAAGCAGCA
MSI4 BamHI R aaGGATCCTTAAGGCTTGGAGGCACAAGT

Forward primer A: F Xbal-Xhol
Revers primer A: R BamHI-Ncol
Forward primer B: F Xbal-Xhol
Revers primer B : R BamHI-Ncol
pFGC5941 Fext

pFGC5941 Rint

pFGC5941 Fint

pFGC5941 Rext

aaTCTAGA CTCGAGATGGAGAGCGACGAAGCA
AAGGATCCCCATGGAGCTGCGGACCCCATCTGCA
aaTCTAGA CTCGAG ACAAAGTTGTTGATTTCCAC
AAGGATCCCCATGGTTAAGGCTTGGAGGCACAA
AATCCCACTATCCTTCGCAAGACC
CTTTCTACCTTCCCACAATTCGTCG
CAGACAGATGTTTCCCAGCGAG3
AAACCGGCGGTAAGGATCTGAG

(11,169} Bcll* AccAS1 (407)
| Kpnl (411)
/o FspAl (5213
S/ _parl (sas)
~ - 5all {g58)
_— Afel (758)

EcoRI (1317}
/

P MIul (1538)

(9225) BstZ171
{20303 PluTI

(20z8) Sfol =
(9027) Marl = N 2, - Pshal (2486) )
(9026) Kasl D g ® iae??(l - PS)DXI - Tl - xhol {z653)
_ 2 - Ncol (2734
~ =
@ FGC5941 a <] —_ Ascl (27413
(85541 EcoMI 2 p11,405 b S ; Cwal (et
IS
(8125} Bsiwl " W AflIT (3659)

/ijII (3675)

¥ 7 BamHl (4122)

Al (4126)

“¥bal (4138)

= Pacl (4149)
TspMI - Xmal (4155}

Smal {4157)

. BstEIl {4737)
T ahdl (4887)
Shfl (45923

Pyvul {5026)
Pmel (5113)

HindI 57 sl 5 oKl 53 (MCS) (lailns slaolSilr CAMV-35S 1, (1317) ECORI 57 5 5 ol Jols 45 PRFGCEIML seadly a2 -\ IS
sl (LB) Cor o 5,0 5 (RB) ) e 5,0 (Octopine synthase) OCS ouias 4a3l= (3388, 5229)

Figure 1. pFGC5941 plasmid map including EcoRI (1317) enzyme cleavage site, CaMV-35S promoter, cloning sites (MCS), two cleavage
sites for Hindll1 (3388, 5229), OCS terminator (Octopine synthase), the right border (RB) and the left border (LB).
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Figure 2. A: Gel electrophoresis of PCR results for amplification of the beginning and end of the MSI4 gene. fragment A with 300 bp and
fragment B with 200 bp. B: Schematic figure of the entrances place for A and B fragments in sense direction before the intron and after the
promoter. C: Gel electrophoresis of PCR results with primers on the plasmid confirms that B fragment was cloned in sense direction into
plasmid. The well just next to the marker is empty plasmid and subsequent wells are the recombinant plasmids.
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in the antisense direction. B: Confirmation of the entry of the antisense sequence, which indicates the existence of an 1000 bp. C:
Confirmation of the entry of antisense sequence by enzymatic digestion method.
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Figure 4. A: Germination of lettuce seeds. B: Inoculation of 4-day cotyledons with Agrobacterium. A: Callus formation and regeneration

after two weeks. D: Transgenic plants on a selective medium.
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Figure 5. A: DNA extraction of transgenic plants by CTAB method. B: Confirmation of the presence of fragment B in the genomic DNA of
transgenic plants. In wells one to four, the presence of a band of 1000 bp Confirmed the correctness of the work.
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Figure 6. A) Lettuce transgenic plants two weeks after transplanting on soil. B) plants after 2 months. C) Bolting stage of a plant. D)
Flowering initiation time (days after transplanting on soil) boxes show number of plant starting to flower (below) and not-starting to flower
(above)
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Abstract

Late flowering in lettuce produces additional leaves and maintains the edible quality of its
product. Control of flowering time in plants is vital for plant fitness and for agricultural
purposes and is an important factor in successful reproduction and seed crop yield and
depends on the environmental and internal parameters of the plant and it is controlled by
the regulatory network of genes. One of the problems in the field of crops and horticulture
Is the mismatch of flowering time with favorable environmental conditions. by increase in
population, it is necessary to produce efficient plants with higher biomass. In the flowering
regulatory network, Flowering Locus C (FLC), a MADS box transcription factor, prevents
flowering. The autonomous pathway accelerates the onset of flowering independently of
daylight by suppressing FLC. The MSI4/FVE gene is a key gene in the autonomous
pathway. It is involved in controlling cell proliferation and early differentiation, organ
growth and plays a key role in accelerating flowering by reducing the expression of FLC
gene via epigenetic changes. in this study, using the RNA Silencing technique, MSI4/FVE
gene expression was repressed at post transcriptional level. To this end, first, the tissue
culture of lettuce in MS culture medium was optimized using BAP, Kinetin and NAA
hormones for direct regeneration from cotyledon and leaf explants. The MS medium
containing 0.1 mg/l NAA and 0.01 mg/l BAP has the highest regeneration rate for
cotyledon explants. Then, for construction of silencing hairpin construct, a fragment of
Arabidopsis thaliana MSI4 gene was amplified by PCR and then cloned in sense and in
antisense directions into pFGC5941 vector by two consecutive cloning. The hairpin
structure in this recombinant vector was then transferred to the lettuce plant by
Agrobacterium. The obtained transgenic plants were tested by PCR to confirm the presence
of the transgene and the study on the flowering phenotype of these transgenic plants
showed that the silencing of MSI4 in lettuce caused the plant to flower late (about 1.5
months delay) and produce additional leaves.
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