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Lb, slhkd4-5 ZEARACAT A AU HEIR | AN 58 35 08D , AN E 08 /D s sihk4-4 5 40 43 24 0 g ) 35 F TCSn 3R Bl 4 (08
HFEARE GFP L FAR AN AL F, 2L R AN/ 2 E 1 GFP FOGME 5 W55 5 slhk4-5 2522 41 ffd J& 109 1
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Effects of cytokinin receptor gene SIHK4 mutation
on flowering time of tomato

LIU Yanjie,ZHAO Xiaobing, WANG Feng, DING Jing "

(State Key Laboratory of Crop Genetics & Germplasm Enhancement and Utilization/
College of Horticulture,Nanjing Agricultural University, Nanjing 210095, China)

Abstract ; [ Objectives ] This study aimed to analyze the effects of mutation of cytokinin receptor gene SIHK4 on flowering time of
tomato,and to lay a foundation for elucidating molecular mechanisms of the regulation of cytokinin pathways on plant flowering.
[ Methods ] Two homozygous mutant lines sthk4-4 and slhk4-5 of cytokinin receptor gene SIHK4 and wild-type ( WT) tomato plants
were used as materials. The flowering time of each line was analyzed. The shoot apexes of plants at 26 days after germination were
analyzed by microscopic observation of paraffin sections, detection of cytokinin-responsive fluorescence signals and transcriptome
sequencing. [ Results]slhk4-4 and slhk4-5 mutant plants had the same number of internodes as WT plants when the first flowers
opened , but the time from germination to flowering for slhk4-4 and slhk4-5 was 6 and 4 days later than WT plants, respectively.
Compared with WT plants, the differentiation of slhk4-5 floral meristem was delayed ;the sizes of cells in the slthk4-5 floral meristems
decreased significantly while the cell number was slightly smaller;and the cytokinin-responsive fluorescence signals were significantly
reduced in the shoot apexes of the F, hybrids of slhk4-4 and the transgenic line with a GFP gene driven by the cytokinin-sensor
promoter TCSn. In the slhk4-5 shoot apexes ,expression of Cyclin-B1-2,a positive regulatory gene for cell cycle,was down-regulated ;
the expression of FUL2 and SOCI ,positive regulatory genes for flowering,was up-regulated , while expression of floral homeotic genes
AGLI2 and AGLI9 was down-regulated, in comparison to those in WT shoot apexes. The expression variation trends of the genes
related to flowering regulation were not completely consistent with the trait change of slhk4-5 with delayed flowering time. The
functional analyses of differentially expressed genes(DEG)showed that 57.6% of the DEG with functional annotation were structural
genes enriched in the pathways related to photosynthesis, respiration, protein synthesis and metabolism, etc. Therein,88.2% of these

DEG showed down-regulated expression in slhk4-5 compared to those in WT shoot apexes,indicating that the cell activities in slhk4
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shoot apexes were likely weaker than those in WT. [ Conclusions ] Loss-of-function mutations of cytokinin receptor SIHK4 led to
weaker cytokinin signaling in slhk4 shoot apexes, decreased size, reduced activity and delayed differentiation of the cells in slhk4
floral meristems,and thus delayed flowering time of slhk4 plants. SIHK4 was a positive regulator of flowering time in tomato.

Keywords : tomato ; cytokinin receptor ; SIHK4 ; flowering time
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BEILH . WnF o SFT (single flower truess) =1 FE ST FT(flowering locus T) W) B Z [RIVR L | HIREB Ak & 5
B ATFALIEIR BB AN, FA(falsiflora) 88 15 RS IT 1T LFY (leafy) BLZR IR, 2 7 75l JT AL ) 1E I
BT BAEFF AR R 5 SFT J& AT R, MADS-Box 2 JAH&AE & 7 R 46 I (1] 5 5 22 (1) 3
N %, Fhli MADS-Box N F i H 1Y SP ( self-pruning ) 7 4 LA #E R IFAE AL AE ") ; SOCT ( suppressor
of over-expression of constans 1) & F1/2& ) BNIT AL 0 S — PR ;J2(jointless 2) /SIMBP21 ,TM3 ,STM3 ( sister
of TM3) %2 56T BT ™ 5 AG (agamous ) W 5K W th 0 4 UE A 7E MESE .00 J PR BR S5 /L FH AR B R B
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PRIV AE I 8] A E B4R N 1, AR (gibberellin) BA (EREME A T R DIGE, Tl AR 3 3R A
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A e i A5 IR ST B 3 AN AN B 43 24 3 32 /K AHK2 (Arabidopsis histidine kinase 2) |
AHK3 Fl AHK4, 2R 240160 43 2585 , FCIROG 25 b 3 Y £ < 2 R & A iR A7), Jf @ i AHP
(Arabidopsis histidine phosphotransfer) £ F11E 2 i {8 RR B 141 5445 2= B R i 15 A F type-B ARR
(Arabidopsis response regulator) . type-B ARR JA4& T gk ik bk A K & &7 . 3 M4y
PR R BA AR R IAE Hoh AHK4 TER W 4E4E R G0 h R 3K  AHK3 TeHh b ER3RIK  AHK2 TE4
TR EsFAAY L BRI R A MR S IR R A S AR R S e, Bilin, Bl T
M SR B AR AL AcCKX3 Rl AtCKXS 14 UKL PR 98 A8 T LA B K BB PP RIAE 43 A 21 23000 T ArCKX 3
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1 #RIERZE

1.1 MBI REREYS

FEYIRRMLEE 1) AT A A ¢ Micro-Tom” (BFA 5 WT) A58 41K}, FIIH CRISPR/ Cas 3 K 4 5 47
ARAGHE B 20 M 43 S 2 S AR L K] SIHK4 Fali5 SRABK sihkd-4  sihk4-5, BARKE T 5 B IE £ 252 i F
5%, VL SIHK4 F24G 50T A NE | iR R IT S, sthkd-4 RASIRALE sgRNA2 $8 5 AL B IE T SIHK4 CDS
55 700~703 bp 1Y 4 MZHBR AACC, 1 slhk4-5 F7E53 HITE sgRNAT Fl sgRNA2 H fi &b SIHK4 CDS (1%
601 1704 fii AT 1 MZEHBR CF1 G, 2) FTHAlidtF  Micro-Tom” i TCSn :: GFP ( 41 Al 53 24 3 el )i
JA BT TCSn BB GFP SO IR ) A5 AR PRR W20, W20 bR R 1Y 2R 8 7 75 S FRBER
WP RESE, TCSn J& N T8 LR IR 3h 1, 832 07 FH 1 A6 00 A 400 1k PR 400 4 284 3% 0 7 %) 43 A i
55170 238 F, ARKER WTXW20 Fl sthk4-4xW20 JE5351LL WT  sthkd-4 ¥R R AHEAR W20 R XA I35
1, ARAE AR T AR S T AR EAEAM 16 h G (24 °C) /8 h BHE (19 <€), Hrok
SR BE A 200 wmol-m 2 -5 IE 60%
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B W sthkd4-4 F sthk4-5 T E T H SR M AR IR L, 75 28 “CRRREAIF P HEZE 3 d. Frfh Tk
RKZE 1 em 7247 M TRAERLWFEZT, F8 10 d )5, BREKE B FMNEEM T 10 emx
10 em JIEAEEH
1.2 ZERYA

R T & 2F)G 26 d, BRI ERME WT F1 sthk4-5 FERE, VIHLS mm 2548, FAR/R SAk- 2 R - 2P (FAA)
[E] TE W RAE T 2 mL B0 T A SRR i e U TARAN E YA RIS E K A |
IR AN ST ke S 8

i F R 335 (OLYMPUS ) WS AL BES AU 11, MR- R4k DD R, ik 2= iR ZE 4E /K 3 ml R4 T
f#i . ffiH 3DHISTECH s Slide Converter # {4 WA KIS, K A Image J BG40 5 IF I & 40 i K/
1.3 FZERS RNA 2E

WA ZE 26 d WT Hl sthk4-5 FEtK 5 mm ZE AT B9ZER, BT 2 mL RNA-free SO R TR, B IHRAR
W3 A iR N E A 25~30 D254, SRATEZEE RNA P 5 UG & (i i 2R YR TR
) FREZESR RNA BARCDIRIE WL UL 5 . AT D BRI T AE UK E3AE 7 1k RNA B
1.4 FRANF (RNA-seq) 737

W5 WT FI slhk4-5 2523 RNA 1% EEKILH A F T RNA-seq M5, hisat2 FA4FH 5 715 reads
PEESNFEAN SLA.0 A S H R A I, &I A P55 H stringtie PREERE A, N TR B it 007 5%
AR (Ze B B A 0 A S AR D B T ) R R R 1 T AR B R S A ) FRAR R B A B A TR L LU
B RS B A, [ H] featureCounts AT B FE (1) reads 24 H . A HEER 8 55009 T4, VL
BEEZAFERN reads A T4, I RIET T edgeR FEF 981725 53 Rk LR KK, ARt 73 TPM
(transcripts per million) ¥

DU BLAE 1R R (false discovery fate, FDR) <0.05 Ry PEARUE 1S 22 7 36 34 F£ [l ( differentially expressed
genes , DEG) , 71X 2 DEG #4T GO (gene ontology) & %43 #1 #1 KEGG ( Kyoto encyclopedia of genes and
genomes ) 1l B AT . A SL4.0 RRAS e 25 H 4 7 51 4% 2= EMBL ( http : // eggnog-mapper. embl. de/ ) B
GO Ml KEGG 1553, F ] TBTOOLs 2 AF%F DEG #4704, L FDR<0.05 A bRifEREAT i % , k4% DEG
WA GO 41 KEGG 38 %, df FH &4 {5 W3 Chttp ;. //www. bioinformatics. com. en ) H % & £ S i & A
BP CC MF =& —LIi 7 5% KEGG Ml GO 0 Hr&i RAEIE K BT LN 9 TPM (EBCH R (LL 2 i) , ]
TBTOOLs {221 DEG ZRiA#K[A]

1.5 RNA REZ5XMRIEEE PCR

fif 57 & HiScript 1T QRT SuperMix for gPCR( +gDNA wiper, Vazyme ) #5417 RNA [ F% 5%, B TR
DWLUEBA A5 . R TS ¢DNA BT -20 CUKFEPR-AF# . /] ChamQ qPCR SYBR Green Master Mix {7
& (Vazyme ) AT DO 8 PCR RS, BAALBRIE WU, 90 E 3 W AREL 3 MY E
5T S SE I B FARSE AR Feik i iR IR £ 562 i ik, BARIER oPCR 5197 517 I
1,

F1 FAWAHAMNSIMEFET

Table 1 Primer sequences used in the experiment

FER A FK Gene name LK 'S Gene ID  1E [ 5] 475 Forward primer sequences(5'—3") [ 5]#)JF51 Reverse primer sequences(5'—3")

J2 Solyc122038510 TTACGCATCTTTGGACCCGA GTGTGCCCAAATCCTCTCCA
SAMT Solyc09g091550 GGGTTGTTCTTCTGGAGCGA CCTAACGATCGAAAAATCGCGT
SICAB-6 Solyc12g009200 AGGGTCGTAGATGGGCTGAT GTTCGGGTGATCCTCTTCCC
SIChil7 Solyc02g082930 CAACCAGGCTACGGTGTCAT CCCGGGAGCAACATTCAGTA
SICRF4 Solyc032007460 TCCGGCCAGGTTCATGTTTC TCGCCCTGACATTCCTCAAC
SIHK4 Solyc042008110 GGTGGAGCCTTCGATGTTGA TCACCATTGGGGTTCTGGTG
SUPT3 Solyc01g080150 ACCCTGATGGCGATTACACG TTTGAAGCATCTTGTCCCGAGT
SIPT4 Solyc09g064910 TGGTGGATCAAGGAATGGTGG AGTTTGCCTGTCCACGGAAT
SIRR-A2 Solyc03g113720 TCGGTGTTGAGCAAGATCCC CAGCTTAACAGGCTTCAGGAGA
SIRR-A3 Solyc052006420 GAAGCCGGTGAAATTGGCAG GGTGAAGGCGAGAGAGTTGG
SIRR-A4 Solyc06g048600 GCAGAGGAAAAAGAGGCAGAG AGTGAGATGCTGCTGCCATAA
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ZE3R 1 Table 1 continued

B AR LS NAGEIE?/E 2] AR/ E 2]

Gene name Gene 1D Forward primer sequences(5'—3") Reverse primer sequences(5'—3")
S0C1 Solyc02g005110 AGATTCTAGATGAAGCTGGTCGT TTTGATATCTCGCTACCATCTGT
™5 Solyc05g015750 CTATGGCCGGCAAACAACTC AACCAGCCAGCCATGTAGTT

Note : J2: Jointless 2 ; SAMT ; S-adenosyl-L-methionine-dependent methyltransferase ; SICAB-6; Solanum lycopersicum chlorophyll a-b binding protein 6;
SIChi17 ; Solanum lycopersicum chitinase 17 ; SICRF4: Solanum lycopersicum cytokinin response factor 4 ;SIHK4 : Solanum lycopersicum histidine
kinase 4 ;SIIPT3/4Solanum lycopersicum isopentenyltransferase 3/4; SIRR-A2/A3/A4 : Solanum lycopersicum type-A response regulator 2/3/4;
SOC1 ; Suppressor of over-expression of constans 1;TM5:MADS-box protein 5.

1.6 FEBRFEHE TN

B B AR LR 2 175123 2 InterPro (https : //www. ebi.ac.uk/interpro/ ) #4725 AR SF 45 P T o 45
H bR PR 11 5 400 S o 8 60 B 118 B 5 DR 5 Ik 4 11 R AH [) 1) DR Sy 2 Ay S i, LR R T 100
aa, ANy HAREL D B T2 B R

2 HRESH

2.1 WT #A slhk4 RETEFFTER B

FIAE WT Fl sthkd FEAERR R sthkd-4 slhk4-5, T INEEE MR R FFAERS 0], 25 58 R B0 WT F1 slhkd4 5378 {4k
BT 7, B EE — R Z BT 0y 4 H AR TR SRR A 7 B S 5 —2 A, 0 2 AR R IR AR
EAE . WT 7ER 252 28 d TR IR T WL EIAE R 44 d Zo A3 TFA— 248  slhk4-4 T slhk4-5 RAZAKTE K
IR 33 d KIAEAD, 44 d B —FAE AL AR /N, AR BB A (B 1-a) . ELZ 50 F148 d LAy, slhkd-4
1 sthk4-5 GRS FIFER— AL (B 1-b) . FEMFAERABE T | sthk4 2B RIGIFAERT TG WT BB HER

(>

D

(=}
1

sksksk

a sthk4-4 slhk4-5

45t

30 -

JFAERT il /d
Flowering time

WT slhk4-4 slhk4-5
¥k A& Line

1 WT 0 slhk4 33 (Rt #R 1A T2 B i8] b 42
Fig.1 Comparison of days to first inflorescence in WT and slhk4 mutant plants
a. WT 85 —FEAETT RO B R RAE S BORA (FRRL:5 em) ;b A MR AR IFAEI I GEH (n28) .
a. Floral organ status in each line when WT flowers in the first inflorescence opened(scale:5 cm) ;b. Flowering time statistics for each line(n=8).

* P<0.05, *** P<0.001. The same as follows.

2.2 WT 0 slhk4 REFEZ LML R

R T FENT sthk4 S RTF AL [RIBE T WT (R B 98T & 28 26 d(WT K HAEATHT ) B WT F1 sthk4-5
ZRRIATUI R UEE . B 2-a FT UL .26 d B WT 259 T0 s AF 28 B A6 2 O 58 8 5 A6 70 A 2 JEA e ik
AR B T slhk4-5 TG A6 28 AR 1O R e B we b i A 180 A JE LRI NI 34k, Ak, 5 WT A
L, sthk4-5 1650 A A AN A HES B INEE 55 550 X WT Fl sthk4-5 25034650 A L 400 K e (18] 2-a
PN ) A B H S5 i /NR B iR, WT 4843 A 20 200 IX B 24 20 a5 H R 80 A, T sthk4-5 4 66
AN HE/DT WT; WT B 40 AN 76.2 wm? | 1M sthk4-5 J9 44.1 wm?® B BE/NT WT(P<0.001, & 2-b) .
XL YIRS WT M L, sthk4-5 WIZEIAE 0 AL BV, AR . b EHED | sthk4 2828 AR AE 5 HE 21
U A Y 53 RN S AL e ) T REEC S
2.3 WT 70 slhk4 REEZ RN RENKRES W

I3 EL WT Fl sthk4-4 BEA 5 TCSn i GFP 255 FE bR R W20 458, K155 F, AR &R WTx
W20 Fil slhk4-4xW20, WELK ZE 26 d 1) WTXW20 Fl slhk4-4xW20 2223 455 (K 3) KB WTXW20 T4
ZFHACE T W B34k, T sthk4-4xW20 5 46 25 w9 AL T 4625 B0 0 A B Be (181 3-b) o XU, 5 sthk4
AARATR RAL LI T WT 2840, sthk4-4x W20 194624 AL [ BE L T WTx W20, M WTxW20 Fl
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slhk4-4xW20 Z543 14 GFP BG4 B, GFP 2 A2 4l U 25 R D ik v R A G, T AE 25 R A6 28 v
FEIRAXTECET (B 3-a) . Aid, WTxW20 T (6 25 K HAE /- 2 GFP M5 S &38R T sthk4-4x
W20( ¥ 3-b) . MXTHEIEAE AT IR, WTXW20 Tisi 6 28 H Y GFP 28 36IE N 19.9, 111 sthk4-4xW20 125
7.2, WTXW20 G MK T 63.8% (& 3-c) . LA LZ5 R, slhkd FASRAE AL AL/ 4 R AR
SR T WT,

a

b 100 120 -
— 80r 100
i =
ﬁ % 60 |- ET:? g sor kokk
— b = 60+
5% 2 4l =8o!
Zg % Q 40 -
S
20 + 20
0 0
WT sthk4-5 WT sthk4-5
¥R & Line PE#& Line

B2 WT 0 sihk4 RIERZERMA LI
Fig.2 Comparison of cells in WT and sihk4 mutant shoot apexes
a. B ZF 26 d B WT il slhk4-5 289397 R (157 B 7 S AT A0 MR /INFIE 2387 B9 4B 3R 2R Pt I3 AR L2 50 ) 5 b 4B 224
(B X R A H AR /N A (n=3) o
a. Cross section of WT and slhk4-5 shoot apexes at 26 d after germination ( the circle indicates the center of floral meristem for analyzing

cell size and number;scale:50 wm) ;b. Comparison of cell size and cell number in the center of floral meristem(n=3).
40

WT x W20 30

*

]

Il J
WT x W20  slhkd-4 x W20
¥k % Line

10 -
slhk4-4 x W20

FRT LA
Relative fluorescence unit
(V=]

S
T

Bl 3 WT # slhk4 REFZRMBE MM REHRHESE
Fig. 3 Comparison of cytokinin-responsive fluorescence signals in WT and slhk4 mutant shoot apexes

a. 2 2F 26 d WTXW20 I slhk4xW20 Z543 HHi B A /240 GFP 2636155 (AR ;200 wm) b, ZE446 53 A= 4140 i 7 4 73 24 2 () GFP
PET (BRR.50 wm) ;e AHXTHENMEDHT (n=6) ,

a. Cytokinin-responsive GFP fluorescence signals in WT x W20 and slhk4-4X W20 shoot apexes at 26 d after germination ( scale:200 pum) ;

b. Cytokinin-responsive GFP fluorescence signals in floral meristems at shoot apexes(scale:50 wm) ;c. Analysis of relative fluorescence units(n=6).
2.4 WT 5 slhkd REFZRERFRIEZERE(DEG) 5#7

BUEZE 26 d WT Fl sthk4-5 AR ZE R 156 SEALM T 438, LA Al SLA.0 PR A1 i B A 8 S )y
FIASPFE G S 7 S Al 76 WT 2243 rp 2RAG I 3] 22 159 AFak F K (LU TPM>0.3 N bR ite) | i 76
slhk4-5 RGN 22 460 R FEEH B LT WT,
241 WS HEHEXEFRNERAS PCR 24 WIEF I SI4.0 IR ERE B A STk
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MRS 5 AR N TR KO3 B 1 520 5 AL IR 1 238 34 Je I ARk, e UH 34 BE R 64T qPCR B
E, & qPCR 25 B 556 S B — 3%, sthk4-5 W1 SIHK4 23k WT w82 T8 48.3% , Hifth 3L R il &
KBS WT B2 5 (K 4-b) . mCHEN  sthkq 2828 PRZE3 o 1 20 i 43 24 38 0 283 PR AR vT BB K 2E
ELeny S AT E R T
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Solye11g066960 (SILPTS) = Selych6geS1840 (SICRF6) -- Solyc07g005140 (SIRR-BY) 0
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Fig.4 Transcriptome and qPCR analyses of cytokinin-related genes

a. ZIIAM 2B A R FE A ( =, FDR<0.05) ;b. ZHE/F 2L 2 AL qPCR FEKIMT,

a. Heat map of cytokinin-related genes( * ,FDR<0.05) ;b. qPCR expression analysis of cytokinin-related genes.
242 FRAEHEXEERNFEREAS qPCR 5 587 WT Fl sthk4-5 2RI 541 FF AL I 45 R0 OG5 [
MZeik , AFE T SL4.0 JE R 411 MADS-Box 1Y 4= JE R A K SCHRH 18 52 e 7 i A B[] 1 JHG Al
KREFE ) SR (K 5—a) R AN 4 DN IERTE sthk4-5 5 WT Z [ fEfER ik E 5, Kb JFEETE A
T FUL2 F1 SOCI WIZRIETE sthk4-5 T3 5 2 R T 2.2 5.7 £, 4 2 ih 8 O 2 S5 b #n B K
BN AG WRIE I AGLI2 5 AGL19 WiFR3E , W53 HITE slhk4-5 H i 2 N IE T 64.2% F1 54.9% , HARHEH
W1, J2 TM3  TM5 F1 TM29 “54E sthk4-5 TigA T IE A5 WT th 3k 022 R R 832 1 FULL 55 Al
MADX-Box £ FRIATE WT 5 slhk4-5 Z RIEAREAT 2257, qPCR Kl 45 R 55 A st h—3%, 5
WT AL, sthk4-5 1 SOCT ik W2 FIH T 3.3 48%;J2 F1 TMS ()B4 5 N T 26.4% .35.3% ,{H 2% 5
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AR (K 5-b) . BRZEAEK T LI PZER RIEN B FRIRTE sihk4-5 5 WT Z2RHPECAH 34 22 5, T
W DR B3 22 AL N R R BB A B sihk4-5 TFAEI AR B9 PR S AL IF A 2 2 — 2, X UiH,
slhk4-5 FT AL [EHEIR AT REAN I ph ELHE IR TT AE Y S DN 3R I8 B 30

a
-- Solyc03g118160 (F4) z b
-- Solyc062069430 (FULI) 5
4
- Solyc03g114830 (FUL2) : _ st . O WT: B slhbd.s
-- Solyc03g063100 (SFT) ) 5,
a
- £ Solyc02g005110 (SOCI) 1 ‘fg 2 5l
. 9 g 3
-- Solyc052056620 (MC) g ‘% Al
B solyei26038510 (2) E 9
= 1+
L Solyc02g065730 (MBPI0) ::ﬁ

B soiyc020089210 (MBP20) 0 —oci v 1
B solyc02g081670 (4n) H:PH Gene
L Solyc06g074350 (P)
| IR solyci1£032100 (46L12)
& | Solyc08g080100(4GL19)
I sotye012092050 (s7113)
Solyc01g093965 (TM3)
B soiyeosgo1s750 (7as)
B soiye022089200 (7129)

WT  slhk4-5

B 5 ARLFAEEXEENERAS (PCR S
Fig. 5 Transcriptome and qPCR analyses of genes involved in regulation of flowering
a. AR AL PR AR SE I R F A B ( + ,FDR<<0.05) ;b. FFAETEFEAISEH /321 14 qPCR 4047,
a. Heat map of representative genes involved in regulation of flowering( * ,FDR<0.05) ;b. qPCR analysis of part of genes

involved in regulation of flowering.

2.4.3 DEG BIINEES T K qPCR RIZWIE LA FDR<0.05 A EFr i, 76 WT 5 slhkd-5 229305 5t vh
SLUERFR] 535 4> DEG, Hor, slhkd-5 ik LIREYRE A 252 A, T3k i S D 283 A, T ALK 2
i 52.9% , Wi T L IRBER . X428 DEG 54T GO BAEMT, 4528 (1 6-a) iR, 3447 113 > DEG f71E
GO ERE, /3 & B AE 57 N4, 46 A= W i #2 25 (biological process) 25 ~4H, 41 g 41 43 2% ( cellular
component ) 19 A~ F15rF DI HEZE (molecular function) 13 A~2H, Hip 44 328 E %19 DEG £ %, 1L 72
A TUIRESE B R DEG b X 23 4>, A, 7 TIIRESR b AR AR B T XK 2T HAl 2
AR, UnAR R 3% HE M 15 14 (fatty acid ligase activity ) ik 7K A6 & 0 W% R 1§ 15 1 ( carbohydrate phosphatase
activity ) FIH TG A JEH2RHE M ( COA-ligase activity ) %41, W] sihk4-5 5 WT 1] GETE X LE T Ge 4 Il th - 7E
225, WA TE 19 AL /R T A 10 A5 SRS BT ARSE T E 221 DEG, A 77.2% 13K
IRAE sthk4-5 H 835 T L slhk4-5 240 SR 1A/ R 19 2 7 s D REAR AT RESS T WT, A=4yid 2k
BIZH T, ZBERRER ) A 5L/ fR I 2 ( polyphosphate biosynthetic/metabolic process ) FINEE WA 424 iR | 2204 4% B
R & W #2E ( purine nucleotide/ribonucleotiode biosynthetic process) i) DEG & £#EF2E7E 25 N f s .
Z 5K R DEG 1, A7 80.0% 7E slhk4-5 9 3K W E KT WT, B0, ATP 5 )l A y 2 (ATP
synthase y-subunit, gATPp2) [l 4G EE K Solyc02g080540 T sihk4-5 FRHYFEIA L WT o % F % 22.4% , X
BEZE SRR slhk4-5 ZERANMIAE ATP 25 22 BERR TR M A% IR G UAE 5 THl A5 PEAR AT RESS T W,

KEGG # %73 i7s , A 59 4~ DEG B4 T 39 4% KEGG @& (K 6-b) . R4 K YIHE, iX
B3 T E BT R 6 RIS LA SRR B I A FH AR DG 6 20 B B FHAR DG i % s AR 128 M
RILMRANEE 5 n/ AR S SR G I % B 3R AR G e LA S HA 3 i (1] 7-a—of) , 3K
34 ANGER LN T AEAERT 4 B b, Hob 30 ANE sthk4-5 WK B ECT WT, Blan, = RER1EH
EIE L2 B CoA Y ATP #7 R L ff il ( ATP-citrate lyase, ACL) Y A-2 V.3 4 % 3£ K Solyc042039670
(K 7-a) HEEZK a-b 4558 H (chlorophyll a-b binding protein, CAB) 455 A Solyc122009200 (&l 7-b) |



553 4 XK 45 - A0 5 23 2 AR KL TN SIHK4 9878 368 3 i FF AL 11 £ 52 1 431

a D Vatine, leucine and isoleucine biosynthesis
Ubiquifin system

Transporters

Thiamine metabolism

Spliceosome

Ribosome biogenesis

Glyoxylate and dicarboxylate metabolism

10 Diterpenoid biosynthesis
= BP; C5-Branched dibasic acid metabolism
= CC; Oxidative phosphorylation
8 = MF Pyruvate metabolism
Photosynthesis-antenna proteins
Peptidases and inhibitors -lg (P-value)

6 Lysine biosynthesis
Glycerophospholipid metabolism
Cytochrome P450

4 Ribosome

Emrichment score

Plant-pathogen interaction

Translation factors

Sulfur metabolism

Porphyrin and chlorophyll metabolism

Plant hormone signal transduction
Phenylalanine, tyrosine and tryptophan biosynthesis
Pantothenate and CoA biosynthesis

mRNA surveillance pathway

Mitochondrial biogenesis

Indole alkaloid biosynthesis

Glycolysis I Gluconeogenesis

Enzymes with EC numbers

Starch and sucrose metabolism

Pentose phosphate pathway

Membrane trafficking
Cysteine and methionine metabolism

Glycerolipid metabolism
Citrate cycle (TCA cycle)
alpha-Linolenic acid metabolism

Chaperones and folding catalysts

Fatty acid biosynthesis

Amino sugar and nucleotide sugar metabolism

25 50 75 100 125
B 6 WT 7 slhk4 REFZRERRIZEE(DEG) K GO EEF KEGG #EB S
Fig. 6 GO enrichment and KEGG pathway analyses of differentially expressed genes( DEG)
between WT and slhk4 mutant shoot apexes
a. GO EHEITHT (P Aebr o w ERLE) ;b. KEGG 3@ BR AT (M ARAR A B R |
a. GO enrichment analysis( the vertical indicates the degree of enrichment) ;b. KEGG pathway analysis( the horizontal indicates the

degree of enrichment). BP ;4 #Jid #& Biological process; CC: 4 fi2l1 4} Cellular component ; MF ; 43-F HJBE Molecular function.

PR 13 U ( cysteine synthase) FE[N Solyc01g094790( [ 7-d) &%, HAtL il i A 45 BN DEG, fnfie
KGR RS- - L8 A IR HCH 1Y HH FE 46 FL il ( S-adenosyl-L-methionine-dependent methyltransferase
SAMT) % [H Solyc09g091550 (&l 7 —e) . S 55 % FE Ml Be #% 4 B AQ 3 09 JL T J5T B ( chitinase ) Ji&
Solyc02¢082930( &l 7—f) &, 7 slhk4-5 ) F k0 B F LT WT, PCR IR 45 R 557 410 Hr— 3
(Bl 7-h), XEEZERIRI sihkd-5 ZEIQH ARG A FIRFIAE ] B 1A B/ A 25 b o ot G 5 g
57 T TS PEAR AT RESS T WT, HeAh, 40 5 0 E 4 8 cyclin-B1-2 ) 4t 3£ Solyc025089820 ., 11 14
FEHF cyclin-dependent kinase inhibitor fZRf53E [ Solyc02¢090680 Fll Solyc03g044480 & slhk4-5 H )%k
WEHET WT(E 7-g) , (B 787 7R K AE WT F slhk4-5 229390 (0 Rk AR | BT (948 FH AT R
ABR. Zi 1, DEG 19 KEGG %/ B2 R i — 20 347 T GO & B4 T A 4 - sthk4-5 25941 i 1) A 3
S INREIR AT REMIR T WT, X 0] BE2 2 sthk4-5 TFAEMS[R]E T WT (19 J5LA

3 it

FFAEERF TS5 00 26 7 fat AR MO i R MR ARBFSE R, 5 WT A EL, Al 4 4 38 32 AR 28
SR slhk4 25D A 53 24 FAF 505 | A6 A LU MU/ , 2 KR I 2D A6 28 B A AR, TR AE B[R]
R, O SR A0y SRR FFAE M IE T Y IR T AR S R R 2RI ahk2 ahk3
crel FEASVRTFAL™ EHER | e PEE A0 Y R BRI A0 43 AL R S AR R R 2 AR Ik L A
SIHK4 ERLR ST b i AR ) IS R AHK4 P SIIRE IR 88 0k HOIF AR IRI oK A 8 (K TCSn 2
Wi )32 A 3 R AR S N TR 81, TCSn 22 GFP B2 R TS IR 1A P 200 M0 73 224 38155 ) A1 T i
55124 AR ZESR AN 3 R NSOGB W7, slhk4-4x W20 259 14 4 L 53 4 22 1) 107 5 5 fi
FT WIxW20, K0 sihk4 TSR RV AML 2R A5 TR AR ATRESS T WT, AT S BOTAER (4R
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‘ -- Solyc01g073690
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-- Solyc02g082930 (SIChil?)

-- Solyc03g121860
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-- Solyc07g066610

Solyc09g011810
[::J Solyc10g051350
- Solyc10g074440
-- Solyc12g040640
D Solyc12g056530
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-- Solyc04g082120
- Solyc06g060790
-- Solyc07g064160
-- Solyc11g044840

Solyc12g056840
Solyc12g098500

Solyc03g097460
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Solyc03g078570
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-- Solyc07g008590
-- Solyc07g008600
-- Solyc07g008630

Solyc10g085950
Solyc12g098440

g in-BI-
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¢ - Solyc01g094170 Solyc07g008660 WT  slhk4-5

B solycosgoossio Solyc07g056540

\ | Solyc09g013080 Solyc08g079180

Solyc09g075790 I sotycoog031760

] Solyc12g006930 e Solyc09g065090

WT  sthk4-5 -- Solyc12g017290

WT  slhkd-5
h o 157 O WT; O slhk4-5
k5
f=)
E.S ot
X 2
.H% ‘5« Bk
= X
= o
= .<1>) 05+ sk
=
&
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SAMT SICAB-6 SIChil7
A Gene

7 KEGG @ E % DEG H#RHES (PCR £47
Fig.7 Transcriptome and qPCR analyses of DEG enriched in KEGG pathways

a. SRR AR JHIE B BT SR DEG sb. 2R MR D& 41 HIE B R 56 7Y DEG 5 . BEEAUMTE B BT 42 19 DEG ;d. 31 2= M & /L
A Tt 5 BRI I B 04 DEG se. AW I OGE S B 4E 1Y) DEG ;. HoAth i % 5 4204 DEG ;2. 2 5 4UME M09 DEG; h. Bk
#% DEG 1 qPCR 47, ** P<0.01,

a. DEG enriched in the pathways related to mitochondria and respiration; b. DEG enriched in the pathways related to chloroplast and
photosynthesis ;c. DEG enriched in lipid metabolism;d. DEG enriched in the pathways related to protein and amino acid biosynthesis/metabolism
and transcription or translation; e. DEG enriched in phytohormone-related pathways;f. DEG enriched in other pathways; g. DEG involved in

regulation of cell cycle;h. qPCR analysis of randomly selected DEG. ** P<0.01.

20 Ao S R AR AT AR A A BRI, AN AR 0 K KRS P VR A 41 43 240 D T i R R 25 AR T A
SIZAMTERERIESY S TR AT ST sthk4 4653 A L ZUH0 XA 3 /N T WT, 45O /> F WT, 3 Al g
55 sihk4 ZERAM N M E(E SRS , FEAE LM ERE T FIEA . WT 15 slhkd-5 K78
TRZEI%E A DEG MTIRE/HT i, 57.6% HA TIRE R DEG & 4 T4 e & A /e H B F A s/
OGFAESERL Y T 5 e B Aol B b, BLAE sthkq TP RIXART WT, 140 ACL 3£ (Solyc04£039670) |
CAB F:H (Solyc12¢009200) \gATPp2 A (Solyc02¢080540) 45, FEHIF T B 55 K, ACL S 5 TR
TEIR AL 2B CoA MBI, HLZR IR 1A S EUH P 4N M A B A8/ AR KRR 18 ) CAB S 5 (AR
SeAEFMGEE, BA R A I B R ThRED . B 9 ACL. CAB 3L R g B 5 H A
MIF HARTRIER S ThEE, BN, Tl b B9 R, gATPp2 BEMS G A VR AL BE ATP 19 &
R K BEIE N sthk4 TP RIZEIA TR, B E sthkd ZEJ340 M A A= FRTE M 5 D AR AT REAR T WT, i &
AL ALV AR S TR FEAERTIRIEIR . AL, sthk4 ZE7E PR I Ak vk A= 4 18 T WT, JF
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FERT sthk4-4 55 7 7 B BRI E] EE WT BEZY 2 d, UERH sthkd 259300 R 20 S T v REAE 8 9520 K B
B IR, B SIHK4 ZARFEN B R AS BN 51k sihk4 2RO 40 BT 1L T B, UL 32 K SIHK4 16 845 % i
ZEAAES A AN G o B R,

AR, S 540 R E RN LR R A 5 qPCR /T s, 5 WT HH E, sthkd-5 252
o R SZARIE N SIHK4 525 T 0 HAR S PR, Qs 45 o U A0 i o R B Y SUPT (SICKX 53K, 2 5
Y5> 2R AT 5 RARM SIRR (SICRF “5E3EHAFR B TE I W ARE . X AT REE th T AN A M R F SR m
W FE ST type-B SIRR A A A T 8 FABEIR AL /KT O EAE , I A J2 24 B PR3 IR KOS i AR Fk i AT
7R, type-B SIRR FER TR FEARAN Z AN/ S R & AR IR ) 5 i 20 i 3 24 3R 2 (AR 3L PR 11
FRIKFHKREZAK jtype-B SIRR F%HE 5 76 M 32 25 H R (B BRIL K F A7 62 slhkd-5 2521
H type-B SIRR [OBEIR ALK 45 K Ak T AR IR A Frtt— IR SE

b3 —J7 W ST R AL FUL2 SOCT AGLI2 5 AGLI9 3% 4 ATF AL 15 M1 S JE R i F 3R 76 WT
5 slhk4 ZH0h B BEER, X 4 DIEE YA IFE TS K 7007 0R00, 5 WT M H, sthid 2293+
FUL2 1 SOCI FRik# WT LI AGLI2 N AGL19 Fik TR, 5 sthk4 FE 78 (RFF A6 R ] 438 A P AR S A
SEa—, BAMRER, FUL2 MINERETER S FEE MG 0 3 slhkd 874G 46T
f5 WT HR AL EHER | R, FUL2 SOCT %5748 B R85 N 7 10 2 18 A AR AR AT BEAS 2 1 1 sthik4
TEAER TR IR, A2 4 SIHKA A5 (0 40 i 73 24 3805 5 30 10 2 75 3 VA s ok 6 T 46 R 45 6 R 1R
— W5,

ZE b AR R RN 40 S R 2 A SIHK4A 2 35 5t T AE I 18] (4 15 P P X 7, oo B e ok S B AR 2520
M H R AT WS , 465 A LU/ W5 B, AR | E I 5 BOT AL 18] 25 e WT, AT
GE N ST A L LR IB AR VRAEAE Y AL 1) 23 BIL I LA K o8 B 35 it A6 B[] i A AL ) 25 1 Al
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