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Functional characterization of wheat GSK kinase TaSK41 and screening for
interacting proteins

Li Canl’**, Zhang Xi—Weiz’**, Zhu Bo—Taol, and Zhang Pei-Pei'”

! State Key Laboratory of Aridland Crop Science, Gansu Agricultural University, Lanzhou 730070, Gansu, China; 2 College of Life Science and
Technology, Gansu Agricultural University, Lanzhou 730070, Gansu, China

Abstract: SK41, a plant glycogen synthase kinase 3 (GSK3) /SHAGGY-like kinases gene, plays an important role in grain deve-
lopment and grain weight formation. To further elucidate the biological function of 7aSK41 in regulating wheat grain development
and its underlying molecular mechanisms, this study examined the expression patterns of 7aSK41 across different tissues, its sub-
cellular localization, the grain phenotypes of transgenic rice overexpressing 7aSK41, and its interacting proteins. qRT-PCR analy-
sis revealed that 7aSK41 was ubiquitously expressed, with particularly high expression in spikes, early developing grains, ovaries,
and seed coats. Subcellular localization assays showed that the TaSK41-GFP fusion protein was predominantly localized in both
the cytoplasm and the nucleus. Overexpression of 7aSK4] in transgenic rice led to a reduction in thousand-grain weight, accom-
panied by significant decreases in both grain length and width. Through yeast two-hybrid screening, 17 candidate proteins were
identified as potential interactors with TaSK41. Among these, full-length interaction validation was conducted for 7TuARF4 and
TaBSK3, both of which are associated with grain development. Point-to-point assays confirmed that TaSK41 interacts with the
full-length TaARF4 protein. This interaction was further validated in vivo using a luciferase complementation assay, confirming
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that TaSK41 physically interacts with TaARF4 in plant cells. These findings provide a theoretical basis for future investigations
into the molecular mechanisms by which TaSK41 regulates grain weight formation in wheat.

Keywords: wheat; grain weight; 7uSK41; yeast two-hybrid; interacting proteins

INZZ (Triticum aestivum LYWE N4 EREHZ AR E
VEY Z —, FCs =% 30 B B 22 O B AR
o /N 7= 32l B T RS . BRI
3N R e b, TR E RO R AR E
B i, CBCh/NZ SR R P S R i G
AR, CHEFRER, ZREERE. EREGES
W R RNERGESREN G BEAF S KRR
55 S IR RN AR E P

Wi A B 3 (glycogen synthase kinase 3,
GSK3/SHAGGY-like kinases)2&:— 2 & B - 5F A 22
T2 /9 52 TR 26 1 I R o 12 R I U e 3 i R )
Ser/Thr-X-X-Ser/Thr B§R {b 5 7 X IC 4 85 (H E 171
MR fe e, SEmEE R 2E TR, HEr, GSK
BN FIE W CAE ZMAEY) PSR R G % . B,
ARG IF (Arabidopsis thaliana)FEH 45 10 > GSK
FERO K F (Hordeum vulgare) BN 4HALE 9 AT
BT NEE (Triticum  aestivum)3E R 41 W) 41 8 22 A4~
BB, MO 2 BT R, GSK RN 5 ek R &
H R & B A AR BN, R IE
GSK FEH b AtSK21/BIN2 (BRASSINOSTEROID-
INSENSITIVE 2) 7EiH3Z & W iE (brassinosteroid, BR)
T PR TR TR R AE R R E
BIN2 ifiid 5 BR 5% 5% HF BZR1 (BRASSINAZOLE
RESISTANT 1)#il BES1 (bril-EMS suppressor 1)f#
AR, FExTHE TR AL, MM IR BR i b 3 K
BRI KRG OsGSK2 &I+ BIN2 (4[] P4,
[FIFEMERN BR 5530 B 00 4 I 7 2 HEE T . 3
Fik OsGSK2 WIFEFEPIRIME LI FPRLAS /N | I
L7 AR AR AR R AU Ak, OsGSK3 S il A
KA B (4 2R A B R i OsPPKL1 A E AR, %AH HAE
AT OsGSK3 i 25 [ B AR AR B P A, E T
F2 BR {55 1 A FE S OsBZR1 R4 A%
PIBLER, W76 T Ui BR 3L A R 3k, B
RiE R fE KA, DU HvGSKT JE B E RS T
RIARTE I 7 5 Wil 40 F A A i Rk s )
FEF K, ZmSK2 i i 5 4 K 2K /MW L2 (Aux/TAA)
s ¥R F ZmIAA28 FHEAEH], e HEHE,
WS 5K EE SR EEM . fEANE P,
Tasg-D1 JE/K G OsGSK2 [ [RIEHEH, 1E4 BR 55
I ) ORI T R AR Tasg-D1 YIRERAS A%

ARRIH TRIE AL, bRl . B 4
Tl 2 P 1 0 A5 2R RIS SR, BR Tasg-DI F,
/NAE GSK G At B A AR R iy D g M L
VERAILEMS A o i — 20 B W

TR HFRL R /N 1Y 258 MR 3 ] 2 (quaanttitative
trait locus, QTL) ¢TGW3 %4gf% OsSK41 (tHLFR N
OsGSKS), 1% AP R /I S G 4 8 71O
W52 F W, OsSK41 i1t 5 OsARF4 i HAEHIFANF
Howkma b, 9877 4= K Zm hy 5L R 238, AT B )
E s K R AT R K N 5ok VO SRR F 5T A B,
OsSK41 if Al LLil i Wi iz fb OslAAL0, fEi#tH 5
OsTIR1 TAE, BEMiiNE OsIAAL10 Az EALFES#R . i
FiB OsIAA10 W% HE R PR 2 28 IR HE R RLAE R T-4E
R ERI R RN oAb, A LB RS R
HHC4 ERFPRi /NS TR 5 0 1 P84 B, g
Mt Z 5] OsSK41 BRIk & i p iRl i argR
W], OsSK41 TEFFRLIE 25 # i A2 rp 4% 1 B2
YER . SR, H/NERNEIEH TaSK41 TEPIENT R R
/INFIRE B 18T ) T 6 B FE AR B A5 4 R LA
i, FERTIESE h, AL NN S A T e T
TaGSKS 1) 4 AN TRIVEIER, X HF S AT T 400,
gER IR, TaGSKS /3 F/NER 1A, 4A. 5B All
5D Jefifk b T TuGSKS 5/KH8 OsGSK5/0sSK41
B TR y 9 BEAR AL, AR G —amm 4 A
TaSK41 FEILIERY I, ABFSE B 7EMAT TaSK41 BT
e ML EAETE 1, DA g R A B BH L 4 /N 22 K hr
K/NERLE (9 5 AL 25 S ml, IR /N it
ARG 3 F 845 o0 R R L He AR I
1 #MRl5A%
1.1 KIE A

PR RS Rbh e 117 TaSK41-14 FEIN i ik
7K it 2 5 R A L AL T i K R AT 5 O ) 2 PRk
deHh . DIUNEREE 10 d BOFERCNRERE, ZRIE 1
T RR G HE W R IR A /N R R cDNA - 3C
i, B BRI S A AH109 W [ 3 5 P A 4 R
HIRAT], RIFFERZE GV3101 WHILE X4
VAR IR AR F . Bkl pGBKT7 A1 pGADT7
ARSI AT . WAL & B Coolaber 2%
F)(SK2400-200T), Jo4& wef&ifif &W H Clontech 2>
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F] (In-Fusion HD Cloning Kit),
1.2 TaSK41 EERRIEEX S

W /N SR E R MO TR E D, R R
TS, WYL TRIzol (Invitrogen, "[E I+ )i 43
SR BB AR L 25 R, KEEDN 3 em HYAIEE,
FEAEWIRE . T o 8RS 5. 15 R 25 d kPR, L
FORHE 15 d FPRLAYRRIFR R o SERS9EEE & PCR

(QRT-PCR)Z: i SYBR Premix Ex Tag (RR820A, Ta-
KaRa, " E)ULHBIEFT. qRT-PCR W 7E Quant
Studio 5 (Applied Biosystems, & [E){#F F# 1. &
R F R 95 CHIAEE 30 s; 95C 10 s, 58°C 20 s,
72°C 20 s, 40 NMEFR . R 2 AR H i
A ik, IFLA/NE TaGAPDH F:HE NN
ZAL TR EL, BTG R9 IR 1.

*1 sIYEMREFT
Table 1

Primer names and sequences

519 2 B 51975 &
Primer name Primer sequence (5'-3") Usage
TaSK41-OE-1A-Forward TCCTCTAGAGTCGACCTGCAGATGGCGTATTCTGGGCAGAG V€ U 3o
TaSK41-OE-1A-Reverse AGAGCCCTGGCATGCCTGCAGCTAGGTGCGGAGCGCCATGA Over-expression in rice
TaSK41-GFP-Forward CACGGGGGACGAGCTCGGTACCATGGCGTATTCTGGGCAGAG V. 248 0 7 o7

TaSK41-GFP-Reverse
qRT-TaSK41-Forward
qRT-TaSK41-Reverse
TaGAPDH-Forward
TaGAPDH-Reverse
BD-TaSK41-Forward
BD-TaSK41-Reverse
AD-TaARF4-Forward
AD-TaARF4-Reverse
AD-TaBSK3-Forward
AD-TaBSK3-Reverse
TaSK41-nLUC-Forward
TaSK41-nLUC-Reverse
TaARF4-cLUC-Forward
TaARF4-cLUC-Reverse

TGCTCACCATGTCGACTCTAGAGGTGCGGAGCGCCATGAACA
ACCCACATACACACCAGCTT

CAACTCCACTTTCCCCAGGA

GACCCAGACAACTCGCAAC

GGAATCCATGACCACCTAC
ATGGCCATGGAGGCCGAATTCATGGCGTATTCTGGGCAGAGGC
CCGCTGCAGGTCGACGGATCCCTAGGTGCGGAGCGCCATGA
GTACCAGATTACGCTCATATGATGCCGCCCGCCGCCATGG
ATGCCCACCCGGGTGGAATTCCTAGTTATCTAAATGGCTTG
GTACCAGATTACGCTCATATGATGGGCGCCAGGGTGTCCAA
ATGCCCACCCGGGTGGAATTCTCAGCGTCCGCTGCTGCTACT
ACGGGGGACGAGCTCGGTACCATGGCGTATTCTGGGCAGAG
GCCGGGCCCTCTAGAGGATCCGGTGCGGAGCGCCATGAACA
TACGCGTCCCGGGGCGGTACCATGCCGCCCGCCGCCATGGC
GCCGGGCCCTCTAGAGGATCCGTTATCTAAATGGCTTGACGT

Subcellular localization

ST it PCR
gRT-PCR

PR A 22
Yeast two-hybrid assay

WA H B LA

Dual-luciferase reporter

1.3 TaSK41-1A E B4 7E i

¥ TaSK41-14 R cDNA J7 51 25 [ 2 11 % i
5, AR Ay ol % ] pANS80-35S-
GFP #4k I, ¥ 35S Jo s FIKshAY TaSK41-1A-
GFP & & #£iA# K pAN580-35S-TaSK41-1A-
GFP. FfiJ&, F 44 i il A 28 38 4R ARD 25 38 R X i
(pPANS580-35S-GFP)If 4k 2= KAT I GV3101 JRZE
. AR AN S0 BRI R vk, K E 4 3k
IRTEIH R | R B2 AR i AT s . Ak E R EE
FERRAE 25°C 41F F R 3% 48~72 h, (B RE A1 0%
o5 A ) MUBE 2R 48 (Nikon, H A)#EIT28 615 Sk
FEHARE, K R 488 nm OGN R OGTR .
1.4 TaSK41-14 T RFKFER R E

MNZZE b e R 43S cDNA i 3 4145
TaSK41-1A4 FER i 4K 45 5751 (CDS), BHi% 7514

AHIKFE ACTINI J3 8+ 3R 3l pCAMBIA2300 i
FIRBARI Pst 1 BEYVIN sS4 . 2007 B0 E 1E 8 )5
AR A AT EHA105 A A9 AL 754k 0 ol
AT ARG AR 117G Lh . & T,
PN T AU PH M I i, e R ARAT LR A AR R -
1.5 FEEE pGBKT7-TaSK41-1A B9
DI/NZEZ i “HER" #8 5 d #FY cDNA
JBEAR, B R SES Y1 TaSK41-14 W 4iR51X
2K, WRIE TaSK41 1) cDNA JF51Fl pGBKT7 # A&
W) 2 sa e o, Wt EA 595518 BD-TaSK41-
1A-Forward il BD-TaSK41-1A-Reverse. >& FH & {f H
DNA R4 KOD-FX ¥ 3 H i v Bz, IFX54 1474
AT IS RN 2liqk [l fE BRI PR N VIR EcoR 1
F1 BamH 1% pGBKT7 #AR#EA T XTI, $RASLPEA
Ak, AR EAEA, KalifbEn TaSK41-14
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i IX B S A AR i 4z, A i T R A A
pGBKT7-TaSK41-1A
1.6 TaSK41-1A HiEiEHI®E

pGBKT7-TaSK41-1A J5 ki il i 5 & — st/ 1R
# (polyethylene glycol/lithium acetate, PEG/LiAc)i%
AL EERE AH109 B2 54000, SAur=9 il ik i
F SD/-Trp/-Leu Fil SD/-Trp/-Leu/-His/-Ade [#{A& 1% 3E
|, 30°CHFE 3~5d.
1.7 BN E

B 5 pg i H R pGBKT7-TaSK41 #1120 pg i
T A R Y /N FF R cDNA SCE, SR A
PEG/LiAc {5 b 2 AZ 540 . B 200 pL F bk
%A T SD/-Trp/-Leu/-His/-Ade V-4 |, k545 27
POV, T 30°CHEFE 3~5 do PRk A K RAF R & 5%
# % SD/-Trp/-Leu/-His/-Ade/X-o-gal ¥y b iEfT—
W BE, XS R TR 78 0 (0 S AR ROR L, I BH
PR P& R4 T PCR %28 AN 3 437 o
1.8 PR E SN RIIE

M5 % HAERLH TuARF4 5 TuBSK3 (1) cDNA
JF5I LA S pGADT7 Z AR 2 silEf o, #it519
AD-TaARF4-Forward . AD-TaARF4-Reverse , AD-
TaBSK3-Forward fll AD-TaBSK3-Reverse (3 1), fif
I FRF19 5 918 TaARF4 1 TaBSK3 K&K ) 2
I, P 3=y & alifh Oy 558 J5, 2kAs B i 5k
PR Be o [RlEE, (o FH BRI N YD EcoR 1Al Nde 1
X pGADTT #ARHEAT W BT, 2 4lifb )5 3R i5 Ze kit
R B iR B B v Ak A E 2o [R5 B
D5 AT R, IR BRI A TR R 4
ki (TaBSK3-pGADT7/pGBKT7-TaSK41 . TaARF4-
pGADT7/pGBKT7-TaSK41) 5 X} & Jii %I (TaBSK3-
pGADT7/pGBKT7 . TaARF4-pGADT7/pGBKT7 .
pGADT7/pGBKT7-TaSK41)LA K Carrier DNA 444k,
R ST . B 100 pL #40 S BB, 4
) U A AR R RS #7 FE (SD/-Trp/-Leu) A1 PY it 55 77 Fk
(SD/-Trp/-Lew/-His/-Ade) b, FH & F 30°CH F746
R SR 3~5 d, WA VE AR KR .
1.9 TaSK41-nLUC #1 TaARF4-cLUC E#h&Ki%
E3Rn Nk e

i BamH 1 Fl Sac 1% pCAMBIA1300-cLUC
Fil pCAMBIA1300-nLUC #R AR 47 WUEGF I AL 28, [7]
WO Al e AL 3R DK TaSK41 () cDNA 751 255
2 S| O o ' o =N B0 N /W ERE 45 Ny I 8 R e |
pCAMBIA1300-nLUC #4Kk I+, [FIE, ¥ TaARF4 %

HFES S A pCAMBIA1300-cLUC #ifkrf, Ktz
U AR FE AL Z KA FF P DHSa JRZ 540 rh, B
PETLRE SRR Z W PCR KB Gt B4 TAY T
(L) ey A7 BRA WA T 00 3 I o fe)m, K BRI 1Y
AR AL B AATIH GV3101 i,
1.10 KA REEIMALW

VEHUAE K2 30 d | et A KRR B R TR AT R AR
Peo BURTERIRATE 10 pL 28T 5 mL &4 FIE
Z (Kan) FIH - FRiDH) LB ARG F5 35 b, 7EFR K
ISR 12~16 ho, B2 mL B S OJ5 WOE R
WK 2 mL EEWBWITIRS, I H & E W)
(10 mmol L™ MgCl,. 10 mmol L™' MES ., 150 pmol L™
T T B A ) R TRV MR 2 ODgoo = 0.2~0.4 o K 7 ¢
JEMEBRHAITI IS, 54l pCAMBIA1300-
TaARF4-cLUC #I pCAMBIA1300-TaSK41-nLUC; %}
40 1: pCAMBIA1300-cLUC 1 pCAMBIA1300-
TaSK41-nLUC; %} M40 2: pCAMBIA1300-TaARF4-
cLUC Hl pCAMBIA1300-nLUC; BH:XS#E: pCAM-
BIA1300-cLUC Hl pCAMBIA1300-nLUC, ¥4 |40
HIRAE, TEIREE 3~4 h, I 1 mL 45 48
WP, AR TS R TS, R W T e 5
MR, 7E 23 CIIEE TR 3 dJa, /O3B
R R, KRR E TG R g, R
CCD HHNLEHMZ R B & OGES, I T AR IC % .
2 BRESH
2.1 TaSK41 EEMRGZELZE S MAMESF I

FIABFZE 20, ME¥ GSK 3 F 8% i 52 ml %) 3
B4 N, b TaSK41 & T 4 WALER ),
TaSK41 FEHAE /N R A P 4 AFFEE L, 5
WL TF 1A, 4A, 5B Fl 5D Yefifh |-, MRPEHAEY
ik FALEAE R, s alar 4o TaSK41-14 (Traes
CS1402G407700) , TaSK41-44 (TraesCS4402G345500) ,
TaSK41-5B (TraesCS5B02G529300) 1 TaSK41-5D
(TraesCS5D02G528400) ™, 5T TaSK41 [ iEfk &
#, FIFH MEGA1L 898 T A A4 Fh TaSK41
ARG LEBR . HPras iR, TaSK4l EHEK#E
HvGSK4.1 FI/KAG OsSK41 BAER—4r % 1, HIFF
AHRIVE RS T 85%, e TaSK41 5% 264K 1 HA &L
IEGKR(E 1-A). X —45 i — 3R] TaSK41
A REEA 5 OsSK41 ML A 2= ThBE . tesh, /&2
FEHU AL 4 4 TaSK41 [FVEFEN, Z75] Hxt4s
TR, Hgmd i) J E 75 S (E 1),
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90%

95%, TaSK41-1A

95% TaSK41-4A

95%
TaSK41-5D

TaSK41-5B

93%

HvGSK4.1

OsSK41

93%

TaSK41-1A: &
TaSK41-4A:
TaSK41-5B:
TaSK41-5D:

TaSK41-1A: etane
TaSK41-4A: EFgesay
TaSK41-5B:
TaSK41-5D:

TaSK41-1A: I8
TaSK41-4A:
TaSK41-5B:
TaSK41-5D:

TaSK41-1A: i EYTTAIDLWS'
TaSK41-4A: BSgeSeREuv:Ns
TaSK41-5B: |Sagerss
TaSK41-5D: i

TaSK41-1A: R aRe s I
TaSK41-4A: A8 SRFLC
TaSK41-5B: iNRGESS:
TaSK41-5D: EIsinigEs
B 1R SKa1 BE R LTS EE A
Fig. 1

AtSK41

AtSK42

Phylogenetic analysis of SK41 orthologs across different species and multiple sequence alignment of four TaSK41 homeologs

A: AR[EYFD TaSK41 3 AL 387, At: IRGFF; Os: JKHE; Hv: KZZ; Ta: /NFZ ., B: TaSK41 K 73 He Xt .

A: evolutionary analysis of TaSK41 proteins across different species. At: Arabidopsis thaliana; Os: Oryza sativa; Hv: Hordeum vulgare; Ta:

Triticum aestivum. B: sequence alignment of TaSK41 proteins.

2.2 TaSK41-1A & BRIP40 B E fir

TaSK41 B 5 4 NREFEH, BT ENrgmisE
R T 5 — 8 R T 98%, A5 & £
TaSK41-1A #47WAHMLE A7 53 B o 0 RAT A5
1) 1 B O A s, AR AR [ROH it 3R R Al i rh 3R 5k
TaSK41-1A-GFP @il &8 H . WK 2 7R, TaSK41-1A
S A7 T IR 240 R0 1% 200 A R0 A0 5 b, T A kg ) R
i) GFP 2 1 W AE 20 i 9 22 3032 1A 5 90 i o
2.3 TaSK41 EEMRZEX S

RIRFE TaSK41 FERTEAF AL E H i RE
Bk, AWFFE R QRT-PCR £ ARG T HAEH Ak
R ML GiRE L DL B R R S AT
KB BRI RIB K . G5 RR], TaSK41 FE
PRLTE JIT ARG 1) 25 A~ AL 2 rp 35 Rk, P FE 4

2=

NN

BRYIG 5 d BkPRL . 7 FIRD f rh Rk A, FEAR
PR IR R IR Z, WTEZE RN i 2 kR (E 3).
2.4 TaSK41-14 HERFEKFBIFRRE S
KRG TaSK41 TEFFRLE B I TIRE, ABF5EH
BT TaSK41-14 FER A Rk #Ak, Ik L A
R dhAherP g 117 381 PCR S FE R AR RR (K] 4-
A), TEHAS 2 4 TuSK41-14 #5380 HE Rk &
(TaSK41-OE1 Fl TaSK41-OE2), 3#E— 3 Xf B A= 7 F1l
TaSK41-14 1 F ik bk R KRR BT 4811 73 7
R BN, SHAERMML, $RERR TaSK4I-
OEl Fl TaSK41-OE2 WyAf KL 4 % 42 /NEl 4-B),
TR R FORLTE 35 B BRI (B 4-C~E). LU L
g5, TaSK41-1A A] GEAE R i ¥ 1 52 i
FFRLR N o
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35S-TaSK41-GFP

35S-GFP

Bl 2 TaSK41-1A T4 E i

Fig. 2 Subcellular localization of TaSK41-1A in tobacco leaf

A: TaSK41-GFP il & 2 (UZEMA it i 9 BRRS 35 0 B: GFP fEARE I )7 ih A BRI 383k . AZ2 B4 435 GFP @3 . WA
ZME , #rRH 20 pm,

A: transient expression of TaSK41-GFP fusion protein in tobacco leaf. B: transient expression of green fluorescent protein (GFP) in tobacco
leaf. From left to right, GFP fluorescent signal, bright field, and merged image. Scale bar = 20 um.

3.5

= ~— N b W
o w o wu o
1 1 1 1 1

Relative expression level

o
()
L

SN S SRR S RN

NN S
AR
MNP MR R

B3 TaSK41 FEARRILAL P A RIXER
Fig. 3 Relative expression pattern of TaSK41 across different tissues
ANRNG FRFRIRAE 0.05 AT 253 035 . DAA: FHE KA.

Different lowercase letters indicate significant differences at P < 0.05. DAA: days after anthesis.
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4
% 10 TaSK41-OE2 1= RPN A==
0 E— T
$& OQ)\ {é\/
\S o
& &
e <%

(& 4)
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c
30 4 b 8 -
25
°on EE]
= *3% ~ 6
£ 204 g
3 £
i 53
_g 15 § 4
on
S 10+
= © 24
5_
0 04
QX& OQ)\ OQ’)\, $&
N N N
& «
Bl 4 FFHBI TaSK41-14 3 RIZ KBV RITFRRB S

3.5

3.0

2.5

2.0

Grain width (mm)

1.0 4

0.5

Fig. 4 Phenotypic comparison of kernel traits between wild type (WT) and TaSK41-14 overexpression (OE) lines in rice
A: TaSK41 TERESEH 5 05 4 RUK ARG I B H 357K T, B: WT . TaSK41-OE1 #l TaSK41-OE2 (AR HAL, F3R K 1 em. C: T-HiH; D:

KR B RiTE. B N IR EZE . **: P<0.01, ¢ K23,

A: gene expression levels of wild type and transgenic rice overexpressing 7uSK41. B: grain phenotypes of Zhonghua 11, 7aSK41-OEl, and
TaSK41-OE2. Bars = 1 cm. C: thousand-grain weight; D: grain length; E: grain width. Data are presented as mean + SD. **: P < 0.01, Stu-

dent’s ¢-test.

FIEEMEK B HER
B 51 44K pGBKT7-TaSK41-1A 5 pGADT7 3
Ak AH109 FERRESZ S0, WA TAE N
B EE IR T, 30°CHEE 3~5 do S5 o, HF b
pGBKT7-TaSK41-1A/pGADT7 1 8% £ 40 it fiE % 16
SD/-Trp/-Lew/X-a-gal [EASEFREE FIEF A K, £
pGBKT7-TaSK41-1A ik C AL DIHE ABERERRIME . SR
iMi, 7 SD/-Trp/-Leu/-His/X-a-gal 5573 {2 F
8 B E & R K, W AE SD/-Trp/-Leu/-His/-Ade/X-
o-gal 725 F 52 204 K (E 5). X £ 5 H 5
H TaSK41 TG H G iGE, nTH TIREE/ERERAN
i 3% o
2.6 pGBKT7-TaSK41 B2 L EFIRE R

W /INZZ FFRL cDNA SCHE 5 B8 2  pGBKT7-
TaSK41 54k EEEEE AH109 JEAZ 5400, AT
P13 5L SD/-Trp/-Leu/-His/-Ade “F-#t |, 30°CE;
I 3~5 do BiJE, BAEKMREER LTSS
SD/-Trp/-Leu/-His/-Ade [E & 15 357 3 I ¥ 17 %) 0ifi

2.5

pGBKT7-TaSK41+
pGADT7

SD/-Trp/-Leu-/X-a-gal

B 5 FEHIK pGBKT7-TaSK41 BEEE N

(E 6-A). #F — 25 Bk B 7% 92 1 5 ST
SD/-Trp/-Leu/-His/-Ade/X-o-gal ‘AR | #4782 7, %
2R 50 MR EANHME (R 6-B). FIH
pGADT7 # & @ M 51 ¥ % s ¥ 5 &
SD/-Trp/-Leu/-His/-Ade/X-o-gal I & BH 4 B 7% 17
PCR ¥4I . P25 4 BLAST X 2/h2
“rhEFE"ZFIENHAAWGSC v1.1), EEHHEEF
KR H I, W0 EH 18 45 TaSK41 4
HAERMERMBEEEN . R 2 s, Xk
H L4 SCREAM2 §% 5 Kl | 22 %2 /95 2 TR 35 1L
fitt BSK3. B3 EZEMIAE RN . B3 Z R
WAV3 ., ARF4 #sgH . § EHEH B4, NADH-4
fifa R b5 L JEEG . 2 RAG R & UFDL, SH3
SR AR 2. ZERER KGR 14 XA
Fit t(RNA I Ji 45
27 RMMREEXRIIE

BTG E M, KRG OsARF4 U1 OsBSK3 2%
PSRRI NP R FEE AR . BT EERE 2% 5E

Fig.5 Autoactivation detection of bait vector pGBKT7-TaSK41 in yeast



684

& ¥ % W 552 4

B Rescreening

SD/-Trp/-Leu/-His/-Ade/X-a-gal

B 6 FEMERIEFEE SD/-Trp/-Leu/-His/-Ade L ik A5 2

Fig. 6 Screening of positive clones on SD/-Trp/-Leu/-His/-Ade medium

A: #A pGADT7-cDNA 3CJ% Fiki fl pGBKT7-TaSK41 #J AH109 7E SD/-Trp/-Leuw/-His/-Ade 15333t F/E KM sifE. B: ik
pGADT7-cDNA 3CJ% fiki Il pGBKT7-TaSK41 A AH109 7 SD/-Trp/-Leu/-His/-Ade/X-a-gal £ 5 b A= KA Fo ke

A: yeast clones of the AH109 yeast strain cotransformed with pGADT7-cDNA library plasmid and pGBKT7-TaSK41 growing on
SD/-Trp/-Leu/-His/-Ade medium. B: yeast clones of the AH109 yeast strain cotransformed with pGADT7-cDNA library plasmid and
pGBKT7-TaSK41 growing on SD/-Trp/-Leu/-His/-Ade/X-a-gal medium.

%2 TaSK41 MIREE(EER
Table 2 Candidate interacting proteins of TaSK41

Fe NCBI 2 1 35 F R R
Number NCBI accession number Gene annotation
1 XP_044359233.1 SCREAM?2 #% 5% FlF Transcription factor SCREAM2
2 XP_044369315.1 R BN B-1,3-4 BBEEETT Glucanendo-1,3-beta-glucosidase precursor
3 XP_044399719.1 & tRNA i85 Glutamyl-tRNA reductasel,chloroplastic
4 XP_044325399.1 ARF4 ;5% [ 7 transcription factor ARF4
5 XP_044436880.1 SH3 453845 &2 1 2 SH3 domain-containing protein 2
6 XP_044376166.1 B3 45#J45 % 1 B3 DNA binding domain containing protein
7 XP_044369954.1 SNF1 A 5&5E F #E B-1 I & SNF1-related protein kinase regulatory subunit beta-1
8 XP_044459833.1 22 &R /95 & R T 1 4 # BSK3 Serine/threonine-protein kinase BSK3
9 XP_044408408.1 12 Z 5 W% & 1 UFD1 Ubiquitin fusion degradation protein UFD1
10 XP_044439125.1 E3 iZ £ %0 WAV3 E3 ubiquitin-protein ligase WAV3
11 XP_044347787.1 NADH-4i i 4 % b5 iR J i NADH-cytochrome b5 reductase-like protein
12 XP_044349897.1 B A2 R A 4E {8 2B (A RE 2 AR BB PERKO Proline-rich receptor-like protein kinase PERK9
13 XP_044387058.1 MYB #% 5% K F MYB transcription factor
14 XP_044347705.1 12 ZRIEARIGK A 14 Ubiquitin carboxyl-terminal hydrolase 14
15 XP_044396272.1 PRSP B 11 0s07t0213400-01 Conserved hypothetical protein 0s07t0213400-01
16 XP_044403661.1 P REEN B4 Expansin-B4
17 XP_044363920.1 DNA #i M7 B DNA topoisomerase

it AR A5 19 17 4~ TaSK41 WE AR A, ABFsTik
B KPR R B B U EH TudRF4 FI TaBSK3 K:[H,
AL 15 TaSK41 I HAEZ ., ML, A
e T pGADT7-TaBSK3 Hl pGADT7-TaARF4 H
IR, I35 pGBKTT-TaSK41 BEIH A

et 2 AH109 BEREEAZ S AN, WA T A0 0 B

Wikt BSR4 RWoR, $L4 4k pGADT7-TaARF4
5 pGBKT7-TaSK41 B ) 41 i Gl 78 P4 Gk B 77
SD/-Trp/-Leu/-His/-Ade/X-o-gal | 1F 3 4 K (E 7),
i %44k, pGADT7-TaBSK3 5 pGBKT7-TaSK41
PR R R R B AE K, iX R TaARF4 5 TaSK41 2
(B A7 6 A BAEH
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Dilution ratio

Dilution ratio

107

pGBKT7-TaSK41+pGADT7-TaARF4 .

B 7 BEEX 3 IF TaSK41 5 TaARF4 #1 TaBSK3 BI B {E

0% 10° 10" 10" 10° 107 107

00 #|000 @

pGADT7-TaARF4-+pGBKT7
pGBKT7-TaSK41+pGADT7-TaBSK3 . @) Q S
pGADT7-TaBSK3+pGBKT7 ‘ e @ @
pPGBKT7-TaSK41+pGADT7 . @ @ @

pGADT7+pGBKT7 ‘ @ @

SD/-Trp/-Leu

SD/-Trp/-Leu/-His/-Ade

Fig. 7 Yeast two-hybrid confirmed the interaction between TaSK41 and TaARF4 or TaBSK3
HEAT 8 78 SOk (04 B 20 AR AE K 15 32 3 (SD/-Trp/-Lew) Al itk £ 15 F5 5& (SD/-Trp/-Leu/-His/-Ade/X-a-gal) I 1 A K A% . o
Yeast cells containing the indicated plasmids were plated on the growth medium (SD/-Trp/-Leu) and selection medium (SD/-Trp/-Leu/-His/

-Ade/X-a-gal).

2.8 RAZBEANEENRIEEE

JBGAE TaSK41 55 TaARF4 7 A8 47K 4 1 AH B
1, ABE5E R 92 % 1§ B AR B R (luciferase
complementation imaging assay, LCI)XfHAEMR P
ARG HEATRI . S5 R 8 Fion, fEdtEL AL
TaSK41-nLUC 5 TaARF4-cLUC A4 -f &I F e oSl
27 B A FEOGAF T, T B X R A T S0 A e
59, X—45 %], TaSK41 5 TaARF4 7EH Yk
NRENS & HEA EAEH

TaSK41-nLUC
TaARF4-cLUC

TaSK41-nLUC
cLUC

nLUC
TaARF4-cLUC

nLUC
cLUC

B8 FEHEBFHELNAIE TaSK41 1 TaARF4 FEIKNZEHEEER

3 itie

GSK N R WA R & & of f b B %
(AR . Tong 25 IRZE KRG %2 T BR {5
SIS N T OsGSK2, %5 1 5
¥ OsGRF4/GS2 AHEAEH], Ji 2 il d fie vt /Nl s e
Ay sk EATR R BB, AN, EA R
1) GSK &M Tasg-D1 J& T4 2 WA, ZIEF X /INE
PRI FRL B EL A 2 (R VR GBR R 2 WAL 4, BiF

Fig. 8 Protein interaction between TaSK41 and TaARF4 verified by luciferase complementation imaging (LCI) assay
TaSK41-nLUC il TaARF4-cLUC A AL A S E It J 7 /s LUC 286 LL3E3E 3k TaSK41-nLUC il cLUC 8 TaARF4-cLUC I nLUC Y

R g B X

Nicotiana benthamiana leaves co-transformed with constructs expressing TaSK41-nLUC and TaARF4-cLUC showed a strong luminescence
(LUC) signal. Leaves co-expressing TaSK41-nLUC and cLUC or TaARF4-cLUC and nLUC were used as negative controls.
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IR R IKAESS 4 WAL I OsSK41 FHFFhL
KANFRLE N, ARBFIEEAKAE T SRR TaSK41
R, Hoid Rk FEOKRAFRL R AN TR ERE
i, W GSK KRR 4 W20 3 P A B i 40 F s
KNV TA] R A — 2 B D RE DR AP -

WFFE R, Fh B (SR BO A0 ML Ry 9 5K 5 19 5 7
FERLR/INE R4 R G . N, /NAE TaDAI
I IR 28 73 3 3k 5 W A1 J2 40 A 1 386 7 R I 45 Rl K
AN AN, TaGW2 i B 28 78 PR A E 2 ] 3 o
5 R Rz 40 RS R BE SRR MR R R /NP2 AR
TR, TaSK41 FEXFRIFN R U i ik it i 3
FHALH LY, 3k 45 R 1% 35 PR AT R a8 9 Al Rz 240
BYIGTH B 5K TS S RPRLR B IR

A K F (auxin) 78 JA T AR & B R Hh & 45 6
YEH, LHOETEME . IRFLEFh Je IS it FE v
oM, A K Z A F (auxin response factors,
ARF)FII5[:-3-2, R (indole-3-acetic acid, IAA)FHCHE
PR30 3 4T Ui e R 3 2k DT S M 28 /N2,
ARG RS 22 HR i 6 TaSK41 19 HAER
H, G 17 MrEE A, WL TaARF4 Hl
TaBSK3 #4742 BARHE I B BE XU A 45 3R
B, TaSK41 Y5 TaARF4 & FAAFTEAM AR . o
JeE M AN I — L T —HENEAELR .
ARF S 3 MASFE L N i DNA 455254
1(B3 DNA-binding domain, DBD) ., H[ii] [X 3 (middle
region, MD) fll C ¥ — & 1k 45 #4 3 (C-terminal
dimerization domain, CTD). H:#', DBD BE#S 4 5514
PUMN I 45 G A K W i 7T 4 (AuxRE), DA 8 4 A=
K Zem oy HE K B 223k . ARF S8 5 BE 7T & # 4 5%
Wi T RE, At mT AR R B SR T R AR
o W5, OsARF4 1E N4 K A5 530 i rh iy 5
SN F, BERS I OsI4423 . OsIAA27 F
OsIAA30 %5 Aux/IAA FEIEH )G 307G t, M
X R EEEF B FRiE . LA, OsSK41 il it 5
OsARF4 i H 1EH S 5 J8 45 KR8 AFRL K /N AT
F R /NE T TaSK41 5 TaARF4 Ay HAEXK R
CAS RN AL IGIE, B TaARF4 P A K 2 i iy 3
IR ERFHLRM T IRARGE o BLAh, BT
KRG OsBSK KA A 15 S5 kERi R/ N8 #7,
fil4n, OsBSK2 Al 5 GSK K& 2 W41/ 5t OsGSK2
KR, PEWS SRR /INRRR R A R P8 AR
M, fEAMSH, 4k pGBKT7- TaSK41 FI
pGADT7-TaBSK3 (1) £ 41 ffg 7 DU 15 57 2k b o ik

R, FIHE 4 W R TaSK41 5 TaBSK3 2 [a] ]
REANATE HAE R R . X —25 TR GSK FH AN [F] I
MM A AEDBE b T REAAAE /b . AR5 ik W B AL
IRACR G AT T —HL T AE S TaSK41 M EAEH
A 8 7 1 o B B B UEAY TaBSK3 1 TaARF4 4b, &
HIRFETE A S TaSK41 AHEAEH IS S50k
KBy IEEE, A it — 2 Bk

4 g

INFZE GSK F I GY TaSK41 1#4E 4 DRI JESE DL,
Ho Gt 86 e T A0 S A 40 i % . qRT-PCR 23 #7
FW, TaSK41 e RAE T AN 2H 20 vh S B2 i 2 3Rk,
TEAFRLANZ A B RB K e o DIRe s drift— 24
T, TaSK41 TRPkER K /NAR . B R XUAR A
OB e R i B AMR I 25 FUESE, TaSK41 5K E
il )37 K TaARF4 2K [ Z [AfFEA AR . ASHF5E
itk — A M TaSK41 V457N 32 K 8 I 8 4 T HL
TR AL T A B AR
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