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Silencing GMATGS genes accelerated senescence and
enhanced disease resistance in soybean
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Abstract: Autophagy plays an essential role in recycling/re-utilizing nutrients and in adaptions to
numerous stresses. However, the roles of autophagy in soybean have not been investigated
extensively. In this study, a virus-induced gene silencing approach mediated by bean pod mottle virus
(BPMV) was used to silence autophagy-related gene 5 (ATG5) genes in soybean (referred to as
GMATGS). Our results showed that ATGS8 proteins were massively accumulated in the dark-treated
leaves of the GmMATGbS-silenced plants relative to the vector control plants (BPMV-0), indicating that
autophagy pathway is impaired in the GmMATG5-silenced plants. Consistent with the impaired
autophagy, an accelerated senescence phenotype was observed on the leaves of the dark-treated
GMATGS-silenced plants, which was not shown on the leaves of the dark-treated BPMV-0 plants. In
addition, the accumulation levels of both reactive oxygen species (ROS) and salicylic acid (SA) were
significantly induced in the GmATG5-silenced plants compared with that of the vector control plants
(BPMV-0), indicating an activated immunity. Accordingly, the GmATG5-silenced plants exhibited
significantly enhanced resistance against Pseudomonas syringae pv. glycinea (Psg) in comparison
with the BPMV-0 plants. Nevertheless, the activated immunity observed in the GmATG5-silenced
plant was independent of the activation of mitogen-activated protein kinase (MAPK).

Keywords: autophagy; virus-induced gene silencing; immunity; mitogen-activated protein kinase
(MAPK)
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Table 1 Primers used in this study

Primer name Primer sequence (5'—3’) Size (bp)
Construction of primers for BPMV-VIGS vector

Glyma.14G210200-F GGATCCAGCTTTATTAACTCACTGAAAGAGG 31
Glyma.14G210200-R GGTACCCAGCATCTTCAAAATCATCAAACT 31
Primers for silencing examination and for RT-PCR

BPMV-F CAAGAGAAAGATTTGTTGGAGGGA 24
BPMV-R ACAAGGAAATCCGGTACGCTT 21
Glyma.14G210200-V-F GGAGTCGACACCATTTGGT 19
Glyma.14G210200-V-R CCTGGATCAGATGAACTTTCTC 22
GmELF1b-F GAGCTATGAATTGCCTGATGG 21
GmELF1b-R CGTTTCATGAATTCCAGTAGC 21

The bold sequences are BamH I and Kpn I restriction sites, for cloning PCR fragments into BPMV-VIGS.

122 RT-PCR

RNA A HR IS G5 5 5 S #e iR e Bk iy
J7 147 (ReverTra Ace Qper RT, TOYOBO), X
FRERICH) RNA i#47. ¥ cDNA #ife 1 1%, &4
FERE AR TN R A ELFIIA PCR SO PTG Y
#2441 (Nonoprotein), PCR ¥ HFEF Ry 95 °C
2min; 95°C 15s, 56°C30s, 72°C20s, 40>
TG
123 EMAXERSHERE

Psg (35 3% MR ITHEU T 2 WA S I =
O &M SR,
1.2.4 3,3-diaminobenzidine (DAB)E & 3% &

H,0,
A DAB BLi Yt H,0, kS E A #
(5 3B,

1.2.5 EBRENES

o A B B P Ak FHOA ] Bsk ] 6 i 5 AR B R
M, RIGHE REFMHEPIHIBEIF ATGS
(Agrisera, AS142769)F1 UBQ (Agrisera, AS08307)
RIS IET T Western blotting 4347 o
1.2.6 GMMPK3/6 B2 1L

P R R BT ARBUR G R P,
W f1g22 ALFHUAS [R] Bsf [] A - e v BT B B %) 2 1
il SDS-PAGE #1743 85, SRJailidl T HE#H
% B (Bio-Rad) 4 % 11 7 = & I 8l £ ¥ (poly-
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vinylidene fluoride, PVDF)fii I~ (Millipore); #RJ5
F Phospho-p44/42 MAP Erk1/2 #i # (Cell
Signaling Technology)i 117 & ; H = L EEhE-nt:
15 2% #p (Tris buffered saline-Tween-20, TBST)
BB TE 3 OB BIETE 3 Wk, SREHE ity
WHE, e AR i A AL Y B (horseradish
peroxidase, HRP)JIE ¥ (Millopore)ifi 12 B Y 46
5 o

2 BER540
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Glyma.02G240700), —# Z [a][EJE 1Rk 96%,
M5 IR T ATGS B RIIEEI KT 75%, ¥ H
Wl fr 4 4 GmMATG5a 5 GmATGELPY | ¥
GMATG5a J¥ 4l — Bt 321 bp A Bt & &
BPMV2 AR #yH BPMV2-GMATGS, %
1A R Bt 5 GmATGSb A 7 F B 1 [] A . s
ik 96% (K1 1), e b — AT [l B Lk
GMATG5a 5 GMATGSb Wi/ JEA . 18 1 KL KA
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AR E(E 4), BIATTER GmATGS i Al K &

I IR AR B

(€18 R ETC ALV [|MAGCT T TATTRAACTCACTGARAGAGGCTGCAT AT, I TAATARATGGGAATAGCARRAATGTGATGAACATGT CTCAAACTGATCAGG TGGAGC TCT GGG GCT)

Glyma.0262407002 AGCTTTATTAACTCACTGAAAGAGGCTGCATATSTAATAAATGGGAATAGCAARAATGTGATGAACATGTCTCARACTGATCAGGTGGAGCTCTGGGGLT)

Glyma.14G210200: CTGTTTTBAATGGTAAHTTEGAABCT'ERTCGACGG-GTGGCATC EAAGCTTAAGCTTGGAAC TTT TGAAGATGAATATAT GGAARATGT TAGTTCAGTCTT]
(€S ER L C P V| MC TG T T TTAAATGGTAR STTHGAAAC TTATCGACGGGT GGCATC 2

eI LGP [ P T AAA O SCACARAGT SCA GGGATACT GATGTTACK

AGCTTAAGCTTGGAACTTT TGAAGATGAATATATGGAARATGTTAGTTCAGTCTT)

GGACAAeTGAREACTGGTAGGATTCCTGTTCGT TTATAT CTGTGGACT GTCAAT GAGGA

(&N RO € 2 [\ I G T TARATC TICACAAAGT \CAGGGGAT ACT GAT GTTACKGGA CAARTG AR IACT GGT AGGAT T CCTGTT CGT TTATAT CTGTGGACT GTCART GAGGA

Glyma.14G210200 : g Sl v b Eer
Glyma.02G240700 : s E e sl VXS Tl

1 GMATGSRERBEREIFEFILEST  Glyma.14G210200 Bt THy%: BPMV-VIGS 17T Bk 4

Figure 1

The alignment of the sequences corresponding to the silencing fragments of the two GMATG5 genes

used for VIGS vector construction. The Glyma.14G210200 fragment was used for making the BPMV-VIGS

silencing construct.
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BPMV-GmATGS

GmELFIb

BPMV-GmATGS

2 A GMATGh WAEMEKLZEHLEESME A fEIEHAKFMA T 2 HAX K BPMV-0)
15 GMATGS LR Bk (1997 UL B: BPMV-0 Z5 &AM BRI 7. C: GmATGS JUBRFL R Y I 32 D
Ji BPMV-RNA2 # {4 b 591347/ RT-PCR 734, 55 278 Ak GmATGS JLERFE bR FP 438 9 )1 BER T
BPMV-0 {2 JuAfibk 14 th i B2, HLIG IR 5 4 ASETCER 7 Bery R/ —2. B HIZ T Glyma. 14G210200
TUBR A B b RS 11T RT-PCR 43 Mk B GmATGS JLERHE #k (1) GMATGS i BT k. GmELF1b
YENNIRSZE R

Figure 2  Silencing GMATGS5 does not significantly affect the growth and development of soybean plants. A:
Phenotype of the vector control plants (BPMV-0) and the GmATGb5-silenced plants (BPMV-GMATG5) under
normal growth conditions. B: Leaf phenotype of the BPMV-0 plant. C: Leaf phenotype of the BPMV-GmATG5
plant. D: The RT-PCR fragment amplified from the GmMATGb5-silenced plants is larger in size than that of
amplified from the BPMV-0 plants using primers flanking the insertion site of the BPMV-RNA2 vector. E:
Verification of GMATGS silencing by RT-PCR analysis using a pair of primers designed from

Glyma.14G210200 that located upstream and downstream of the inserted fragment, respectively. GmELF1b was
used as an internal reference gene.

2.4 B GMATGS SHEEFRRKMERS X IEMMKRIE 5A-5B), BLHIDIER GmATG5 7]
H,0; B 1 T 2 R T 3 A B O o

R IT A MER AR U R R SIR IR 5 5 STER GMATGS 2B A T Xtk D &%
Alﬂf, ﬁﬂﬂ(ﬁlﬂﬁ(sahcyhc acid, SA)E H202 *H%ﬂ( _l%l_(l:)seudomonas Sy”ngae pV- g'ycn‘]ea, Psg)

ST g ARl T HRSY K . GMATGS Tt 2k
TR A AR R A, RHTE R AL PR SR
THY BPMV-0 5 BPMV-GMATG5 FE#EM F I
H,0, B ZACE AT g A 37 E SA & o 45 2R
FW, BEALFRS GmATGS JTERAE R A /Y
H,0, IR Z/K LUK SA SRS EEE TR
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Dark treatment Dark treatment
E BPMV-0 BPMV-GmATGS
E 0 6 12 24 36 0 6 12 24 36h
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3 B GmATG5S SEUERLIERM MR .

GMATGS HUMRKIBN] H (026 ke, B, Wighgn 7q AT AEIRALILAFING BPMV-0 224k
J5 BPMV-0 25 2k A RIERIF B 5 GmATGS Jilkkike VMRS GmATGS AR PR GmATGS 2 L3R

A A R U8 IR LR

Figure 3 Silencing GMATGS results in an accelerated Figure 4  Silencing of GMATGS results in an
senescence phenotype. A: Comparison of leaf phenotype clevated  accumulation level —of GmMATGS.
between BPMV-0 plants and the GmATG5-silenced Comparison of GMATGS protein accumulation level
plants before dark treatment. B: Comparison of leaf =~ between BPMV-0  control plants and the
phenotype between BPMV-0 plants and the GmATG5- BPMV-GMATGS silenced plants treated in the dark

silenced plants after 7 d of dark treatment. for different periods of time.
A BPMV-0 B &
200 Bound SA _ 6 [ wBPMV-0 * BPMV-GmATGS
180 i I 5 % % ok
o 160} o . i
| Z 1o LT
t o120} E
2 100t £ 3
2 got =
= 60} Z 2
ey Gy 4 40| il
&y ) 00 o
- 0 L ‘ 0
BPMV-GmATGS BPMV-0 BPMV-GmATGS Odpi  4dpi  15dpi

5 GMATGS TBAEH R RERMWHE A DAB YR U] H0, BB /KF-7E GmATGS UL Bk H
BETE. #8110 Hy0, URAL ; B: GMATGS LBk 25 G /KA IR % 1 1 3 = 125 B8040 AR R C:
Psg R YL V& T AT, CFU: RVETE BB *+f{ 3R B 347K F- P<0.001 (Student’s t test)

Figure 5 Silencing GMATGS5 leads to the activation of immune responses. A: An elevated accumulation level
of H,O, was observed in the GmMATG5-silenced plants by DAB staining. The arrows pointed to the areas of
H,0, accumulation; B: The conjugated SA level was significantly higher in the GmATG5-silenced plants than

that of the vector control plants. C: Growth assay for Psg infection. CFU: colony forming unit. dpi=days post
inoculation. *** represents P<(0.001, Student’s t-test.

VTR OB ST Psg #56 F Psg BWIS%S)  BPMV-0 X HEAE MR H FEE R B &S T
WO FRE M AR B, N, SRR KREEgE  GmATGS JUERAARM F AR VEE(E 5C), B
SRS B AR LAY, DAAFIT Psgf24s. 72 WIULER GmATGS ] 330k Gt Psg AHTIE
BERIGANEIRES, W et B EATFLIOR:, 9F 350, FIRS5 IR GmATGS 76 K B 4 i
TR & BT B S i b . SR EW Tk A R A
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26 B GMATGS &R fig22 &M
GMMPKG6 HYE K TR T BE
HIRIRISY £, MAPK [E5 @A N2
JrHh ATG ZEFTIRE LR A=Y, R THFFTUER
GMATG5S X K 7 122 24 J5i % Ak 2 138 (mitogen-
activated protein kinase, MAPK)# 1% &Y., H
10 pmol/L f1g22 4b¥ BPMV-0 Fil BPMV-GmATG5
TUERAEART A 0-360 min, SRS FH AT — P
MPK3/6 B2 NIEPLIAR pad/a2 MAP Erk1/2 Xf
M iR e R BN B BT T Western blotting
M. WiE 6 iR, MIXTF BPMV-0, flg22 755
1 GMMPK3/6 J#i% P B 75 GmATGS (LB T
g S, FHH GmATGS JTERA Ak ik B
R NL(F 6)AMKHTF GmMPK3/6 TS, BP
GMATG5 ik 5. GMMPK3/6 1841 it 1 45 R -
flg22 (10 pmol/L) 5

BPMV-0 BPMV-GmATGS ¢
min 0 10 30 60 120360 0 10 30 60 120360 10

L - MPK6
., ' .o "i" = MPK3
~ MPK4

————————————— ("3
El6 A GmATGS PR T fig22 iS5/ GmMPK3/6
HESHIEGE K BPMV-0 Al BPMV-GMmATGS VTR
FRIE R4 5 10 pmol/L (1) f1g22 4bF 0-360 min J5 12
BuEA, 85 AL —PERRIERR i MPK3 5 MPK6
BFLAK phospho-p44/42 MAP Erkl1/2 i1t Western
blotting X _F iR FIAE i T BT, A 10 pmol/L

Ol R AR AR I

Figure 6 The activation of flg22-induced GmMPK3
and GMMPKG6 is significantly reduced in the
GMATGS-silenced  plants. The BPMV-0 and
GMATG5-silenced plants were treated with 10 pmol/L
flg22 for the indicated times. The kinase activation was
detected by  immunoblotting  analysis  using
phospho-p44/42 MAP Erkl/2 antibody, which
specifically recognizes phosphorylated MPK3/6. The
Arabidopsis leaf samples treated with 10 pmol/L flg22
for 10 min was used as a positive control. CBS:
Coomassie blue staining was used as a loading control.
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