Ao T OBO¥ W I8 % | WA A NPDK1a/1b/1c/1d #3R IR E i 1

Chinese Journal of Biotechnology Feb. 25, 2025, 41(2): 670-679
CSTR: 32114.14.j.cjb.240231 http://journals.im.ac.cn/cjbcn
DOI: 10.13345/j.cjb.240231 ©2025 Chin J Biotech, All rights reserved

« RAEFRA -

4 ERFE NtPDK1av1b/1c/1d 1 s fE E s

EEZ L, ZHE L ARBR, RRE L, RES K& xge

1 WL RS A beraebe, WiTl &tf 321004
2 WIHTIRE R EanPlrdbe Wil fE A Prmy Y EORE SR, Wil &% 321004

TEPER, A0, XIREE, B, @XHELE, sKiaE, XIgh. #4mkE NtPDKla/lb/lc/ld #§5RIAFHUR ). LY LR
%, 2025, 41(2): 670-679.

REN Qianwei, LAN Hujiao, LIU Tianyao, ZHAO Huanting, ZHAO Yating, ZHANG Rui, LIU Jianzhong. Partial knockout of
NtPDK1a/1b/1c/1d enhances the disease resistance of Nicotiana tabacum[J]. Chinese Journal of Biotechnology, 2025, 41(2):
670-679.

W E. At AGC & @ ¥ B K% (AGC kinase family) & 535 2 A A 4 id 42, 3-BRER ILAR
1R # % € 9B 1 (3-phosphoinositide-dependent protein kinase 1, PDK1)2 —FP & 5 49 £ BB/ 7 &
BRI B, ) T AF 50 PDKL R /8 25 B 8 va 434K B 3 % 0% F 49 4F B, 4 A7 4135 43 49 ) B 3P4 4 /> NtPDK1
FlR A B F 5-7 512 R 49 CRISPR/Cas9 3 K B 4k & #4T 7 @ J@sb = AL sm i #r, 4R&ZN,
a4 NtPDK1a1b/1c/d & 2K 7T #E 3R BB id & 3K 0% & Pto (active Pto, Pto"*""°)& X 2 GmMMEKK 1
55 49 2B R (hypersensitive response, HR)Zaf0.5b T, {29 B 33 5% A 3 4R 3 I AT i (Pseudomonas
syrangae pv. tomato DC3000, Pst DC3000)»A & Y& ¥ 4%, #t 5% 2 (tobacco mosaic virus, TMV)#J 4it:,
ZAUA A3 3% 5 NtPDK1la/1lb/1c/1d 3R 48 R #k & F NtMPK6. NtMPK3 F= NtMPK4 % 7& 42 Z 69 2
EIRANATE, 42 EPTIR, KA 4 R &9 NtPDKla/lb/ic/1d [E @ A5 miest =, {240+ 4Ll it
7 %) MAPK & 42 89 45 f R %1 A48 08 3 % 98 R .

X217 AGC #®; NtPDK1; CRISPR/Cas9 ¥ K; ## % %; ME

WIH . B KA AR L (32170761, 31571423)

This work was supported by the National Natural Science Foundation of China (32170761, 31571423).
*Corresponding author. E-mail: jzliu@zjnu.cn

Received: 2024-03-15; Accepted: 2024-05-14; Published online: 2024-05-16



I35 % | 45 ELR NtPDK1a/1b/1c/1d #E38 M E 3 1 671

Partial knockout of NtPDK1a/1b/1c/1d enhances the disease resistance
of Nicotiana tabacum

REN Qianwei', LAN Hujiao', LIU Tianyao', ZHAO Huanting', ZHAO Yating', ZHANG Rui’,
LIU Jianzhong"?*

1 College of Life Sciences, Zhejiang Normal University, Jinhua 321004, Zhejiang, China
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Normal University, Jinhua 321004, Zhejiang, China

Abstract: The protein kinase A/protein kinase G/protein kinase C-family (AGC kinase family) of
eukaryotes is involved in regulating numerous biological processes. The 3-phosphoinositide-
dependent protein kinase 1 (PDKI), is a conserved serine/threonine kinase in eukaryotes. To
understand the roles of PDK1 homologous genes in cell death and immunity in tetraploid Nicotiana
tabacum, the previuosly generated transgenic CRISPR/Cas9 lines, in which 5-7 alleles of the
4 homologous PDK1 genes (NtPDK1a/1b/1¢/1d homologs) simultaneously knocked out, were used
in this study. Our results showed that the hypersensitive response (HR) triggered by transient
overexpression of active Pto (Pto"*"’®) or soybean GMMEKK 1 was significantly delayed, whereas
the resistance to Pseudomonas syrangae pv. tomato DC3000 (Pst DC3000) and tobacco mosaic
virus (TMV) was significantly elevated in these partial knockout lines. The elevated resistance to
Pst DC3000 and TMV was correlated with the clevated activation of NtMPK6, NtMPK3, and
NtMPK4. Taken together, our results indicated that NtPDK1s play a positive role in cell death but a
positive role in disease resistance, likely through negative regulation of the MAPK signaling cascade.
Keywords: AGC kinase; NtPDK1; CRISPR/Cas9 technology; plant immunity; tobacco

TERERE . g /NS T, PDKI1 IRESE 4
e 2 FBEFCRN Y, IAE5 R ALK R
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Tl LSRR P4 2 1 93 1 (3-phosphoinositide-
dependent protein kinase 1, PDK1)J& E.4#% 4 ¥
— MRS L AR/ I R A, VR L
PP A IR AL P iFARZ AGC [cAMP

dependent (PKA) and ¢cGMP-dependent protein
kinases (PKG) and protein kinase C (PKC)]Z [
W, PDKI —fMAls 1A N Uiz e

1 M55 AGC M B/ PIF (PDK1-interacting
fragment)Z5 GAELI K C ¥ 1 DMATORHARZE 2 5
I B 51 5 i 4 [R) R 2K 1 (pleckstrin homology,
PH)ZEH IR, L34y f PDKI Al ek dy
K MAS 21 1Y PtdIns(3.4,5)P; [phosphatidylinositol
(3,4,5)P31FT B o MU R T Y PDK AT Bl
iz (phosphatidic acid, PA)FI4Fh#i s TG,
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PRI LN A 2 4> PDKI gt LA,
FW 4 A fir 44 AtPDK1.1 (GenBank &35 .
At5g04510)fll AtPDK1.2 (GenBank % %5 .
At3g10540), Ffijf5fr44 > PDK1 F1 PDK2!!,
PDK1 HI PDK2 T-DNA #fi A X %8 75 14 #k &
pdklpdk2 1% B 55 & B Bk BOB i gT
W, JCRTIRIE B9 pdklpdk2 XL SEAR R IF A S 5E
SIIREE I 2 AR AN for S Y PDK1
5 PDK2 i) T-DNA ffi A XURARAAMLL K PDK1 Sy
CRISPR/Cas9 fil5%, PDK2 A T-DNA ffi A FJ XL %
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(effector-triggered immunity, ETI)AH & #Y# 8L
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(BN EE 34 ST LIS S A stT
1.2.2  ## Pst DC3000

Pst DC3000 [ 5% . . HURELL S 1 75
T B e 3 SCEk A i O ik BTk T .
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1.2.3 TMV-GFP {ZESH HR 5L T BE
K/PHYM =

TMV-GFP f{24% . HR AL T REA/ N
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12 Y i R (4 45 BT Y (sap) il o R 48 4 b vk
PEATR YA K 45 d MR ERRR A I R (TS
55 34 i), FH Imagel #4147 HR ZET-HE
FEREYiORIF=
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A e e e S TN R 7 = & o S 21
R LA & Western blotting % C#ik[22,24]. Ff H
Hitk A Phospho-p44/42 MAP Erk1/2 $i{&(Cell
Signaling Technology 7~ ). MAS[E] & PRI I
EATH R R R TR A LA R R T R
24 h DA BR 0055 0 U 0 0 O, R A
10 pmmol/L flg22 ZbFEA[R] I [A] , fef5 B2 HUE
JH phospho-p44/42 MAP Erk1/2 HiAk#E47 i i 1%
PRI

2 HER540
2.1 NtPDKl1s iFiE#E HR AR T

8 Pto S K] 25 i 4 i P 22 8 R /95 A TR 7%
IS, 2 B MR T SR R BB R L

Z—7 Pto n RS 2 Flvg FAARLN B 11 AvrPto
8¢ AvrPtoB T#IE R 41 Prf -S89 ETI, AT
filt & HRIZ®!, Pto *""P AR (R R BG4 Po, £ G
TR AvrPto %, AvrPtoB FYIE M T R Al 55
HR (42 d [ 8) . FEAEW A Fr b i i Rk
GMMEKK 1 7] i%S HR ZiMsET=(% 1.5 d J5
HED,

T RGN B SRR NtPDK1a/1b/1c/
1d XA BLAET A RE MR, 38 AR T B Sk A
AR5 R BRAE KR R LR R s PP 5
GMMEKKI1, 55 #%M, NtPDKla/lb/1c/1d #E
IRtk 2 R E Pto”?° 5 GmMEKKI1 55
) HR 408 T80 Bt | b g 25 R (& 1),
il NtPDKl1a/1b/1c/1d EIF [a] 8% HR i fi5E
TR o

1 EB4YELRR NtPDK1la/lb/lc/1d #EIR Pto**""" 5 GmMMEKK1 ESA) HR AT @l KA HiE
SHEAE 45 d R/NEFA Y S NtPDK 1av1b/1c/1d 3w bRk F 00 S5 it F b (T T 27 3—4 {3 M) BRIy 3k ]
%5 HR 415619 35S:Pto""® 5 35S:GMMEKK1, [A]fti3: 4t 35S:GFP ffE N BITEXT IR s e 2k X sy
VEGT X WA 4 d JRHAE.

Figure 1 The HR cell death induced by transiently over-expressing 35S::Pt0"®"® and 35S:GMMEKK1 on
the leaves of the partial knockout lines of NtPDKla/1b/1c/1d is delayed relative to on the WT leaves.
Agrobacterium strains carrying 355::Pto"°’® and 35S:GmMEKK1 were infiltrated into the equivalent leaves
of 45-day-old WT and the partial NtPDK1a/1b/1c/1d knockout plants (the 3rd and 4th leaves below the top),

respectively; Agrobacterium strain carrying 35S::GFP was infiltrated as a negative control; Infiltrated regions
were dash lined; WT: Wild-type. The photos were taken at 4 days post infiltration.
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2.2 NtPDKla/ib/lc/1d R4y B FRk Xt
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T KN R NtPDK 1a/1b/1c/1d X 4H H 3T
W RZ R, B SR X IR S NtPDK1av1b/
1c/1d o AR I A PR s e A A ok (T 4
PRIV ODgoo=0.1 J5 , FiHE 1 000 £ Fic il Jd 7 5
W)W Pst DC3000, 7E3:F0 0 d 55 3 d JF#EAT40
B B 75 T2 iR (colony  forming unit, CFU)4¢
T S5 LA, Pst DC3000 ¢ NtPDK1a/1b/1c/1d
R BRI R PN 1Y) B0 A% i A T AR A
VLI EB 2 A NtPDK1a/b/c/d FEUHE X Pst
DC3000 (3R ZF b 2).
2.3 NtPDKla/ib/lc/1d R4y B ERk %t
TMV-GFP RO 41855

X B A AT NtPDK 1a/1b/1c/1d il 4 28 725 bk

8 -
= WT ERE
7t © Line 1 - -
6 Line 3
5 st
]
—_ -
U_4
233— P—
= 5l
1k
O L
0d 3d

2 NtPDKla/lb/lc/1d & BR#k F %S Pst DC3000
HOIEF EHUMEILIR B AR AL 5 R SR R R 4
Pst DC3000 J& 45 0 KNGS 3 K47 7% 1B AL
ARG L S R o I AV N Y =N
7E P<0.01 5 P<0.001 7K~ bk 2 2525 52 %45
REE 3, BRFABIER,

Figure 2 NtPDK1la/lb/1c/1d partial knocking out
plants exhibit enhanced resistance to Pst DC3000
relative to WT plants. Colony forming units were
calculated at 0 and 3 days post inoculation;
Student’s t-test, ** and *** represent significant
difference at P<0.01 and P<0.001 level, respectively.

This experiment was repeated three times with
similar result.
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MAPK KRR AR DG o F il &
1 (PAMP-triggered immunity, PTI){5 545 5
R EEAE ., MY 32 (R PAMP
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i W R AL T Ui EE (A0 e s A 1) AR E B
TEVAR DG 3 R A 2238, DT 800G g B 200
5 KR 2 MAPK 232 5 R EH 5
S HR gAEET-"", H T NtPDK1a/1b/1c/1d
Ay E R R R PtoY?° K GMMEKK 1 #5531
AT TR FRAEIR (& 1), T flg22 FSHY
NtMPK3/4/6 (13015 2 1 Al BEtn 25 855 -

R T ERAE X — I, &R [E] B A f1g22
LT (Y B A= R 5 NtPDK 1a/1b/1c/1d i 5 bk 22 i
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% S NtIMPK6 . NtMPK3 il NtMPK4 1) i 7%
R B A 0 I S B s (1 4), R TR 43 R B
NtPDK1a/1b/1c/1d RI 3455 f1g22 % MAPK 34§y
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Line 1
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kR R R Pto™"" 5 GmMMEKKI 551 HR
A MIFET A IEIR A] BEAUO T MAPK i#42(1#] 1),
WE flg22 4bH 10 min AYHIFGIF Col-0 X i J2:
T E M MPK3 . MPK4 & MPKG6 fi %}
VDAL

WT Line 3

Line 3

500 mm
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400
300+
200+
100+
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.I.l
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Relative expression level

3 NtPDKla/lb/lc/ld EB45rEiFRk R 5T TMV-GFP RIFT14EE38 A, B: TMV-GFP {24 5d J5 ¥/
5 NtPDK1a/1b/1c/ld #4rrebrtk & it A HR AMSET- A &M get, B =500 mm, C:
TMV-GFP 124 5 d J5 HR ZiasE -5 EA20 #4558 . D: TMV-GFP 124 5 d J5 7k 854 5 /K V1) RT-qPCR
3T tARER, ***P<0.001, XL ER 3K, FREFHMILAR .

Figure 3 Partially knocking out NtPDKla/lb/1c/1d results in an enhanced resistance to TMV. A, B:
Comparison of the HRs induced by TMV-GFP infection 5 days post infection visualized by trypan blue
staining. C: Comparison of diameters of the HRs on the leaves of the knockout lines with those on the WT

leaves induced 5 days post TMV-GFP infection. D: RT-qPCR analysis of the transcription level of TMV 5
days post TMV-GFP infection. Student’s t-test, ***P<0.001. This experiment was repeated three times with

similar result.
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WT Line 1 Line 3 Col-0
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W Line3

Relative activation level
=
=
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Time (min)
NIMPK3
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NIMPK4
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Time (min)
NIMPK6

60

4 NtPDKla/lb/lc/1d EB4TRuBR#k R R f1g22 B S HI NIMPK3. NtMPK4 1 NtMPK6 HIHEFE 18
58 A: F phospho-p44/42 MAP Erk1/2 $iiiR 0 HF flg22 /5519 NtMPK3 ., NtMPK4 fil NtMPK6 F #4715 ,

PREITRESAVE A FHEXT IR, B: ] Imagel & A H 4l (3R LER, B PIoRE5 R 3 IREE NS

JHEES . WT: Wild-type; t#:56, ***P<0.001,

Figure 4 The activation of NtMPK3, NtMPK4 and NtMPK®6 in response to flg22 is enhanced in NtPDK1a/
1b/1c/1d partial knockout lines. A: The kinase activation of NtMPK3, NtMPK4 and NtMPK6 in response to
flg22 was detected by immunoblotting using phospho-p44/42 MAP Erk1/2 antibody. The Arabidopsis sample
was used as a positive control. The results shown were average values of 3 replicates. B: The band intensities
shown in A were quantified using ImageJ. WT: Wild-type; Student’s t-test, ***P<0.001.

3 WRE5E&®

TEMERE . SRdg . /N5 AT PDKI1 YihE
P A BOER0N ™, {5 PDK 1 7EAH 9 41 i 5
TR DI RE RN A 5 SR AH S A HE o ZE R
] i {70 2k PDK1 5 PDK2 2 S 2 bk AE T,
ULBK PDK1 FilF AGC i Adi3 ] i 4Kt
T MAPKKKae HZHMIFET:, UiHH PDKI1-Adi3
Fo@fnEERIVAEIET", —8IkR
(nitrate oxide, NO)A] fEi 1 4 514 W Al Fe AL 7
it PDK1 H A5 128 12 Bk & iR 5k 35 (Cys' )k
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i PDK I (4 B IE M , AT i sE -0,
M ST, PDKI MUIRE R T B ERK K
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TR K 25 R AR AR G, I NbPDKs ]
ReiE MM R SR R E R RS 5
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OsPDK1 5 OsOxil HAEIF#iRfL OsOxil KJ
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