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Figure S1 Illustration of the proposed scales of wheat spike differentiation of WT (A–F) and mutant ptsd1 (G–L). (A,G) Early double ridge stage. (B,H) Double ridge stage. (C,I) Late double ridge stage. (D,J) Glume primordium visible. (E,K) Terminal spikelet stage. (F,L) Initiation of second awn. The red parentheses in pictures (I–L) indicate the upper undifferentiated spikelets. Scale bar = 500 μm.
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Figure S2 Spike histological sections of WT and mutant ptsd1. Spike histological sections of WT (A,C) and mutant ptsd1 (B,D) stained with a mixture of safranin and fast green. (A,B) Late double ridge stage. (C,D) Initiation of second awn. im, inflorescence meristem; spp, spikelet primordium; spd, spikelet meristematic dome; glp, glume primordium; lemp, lemma primordium; flp, floret primordium; stp, stamen primordium; pip, pistil primordium. Red arrowheads indicate the undifferentiated spikelets. Scale bar = 200 μm.
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Figure S3 Principal components analysis and DEGs among four samples. The three biological replicates of each sample are clustered together in one ellipse using the principal components analysis (A) and the number of DEGs (Up and down) among four groups (B).
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Figure S4 Heatmap of the DEGs in hormone pathways and the content of ZA in young spikes of WT and ptsd1. Heatmap of the DEGs involved in ethylene (ET) (A), cytokinin (CK) (B) between WT-YS and ptsd1-YS. The content of Zeatin (ZA) (C) is decreased significantly in mutant ptsd1. The detail was listed in Table S8. The asterisks represent the significant difference between WT and ptsd1 (**: p ≤ 0.01).
[image: image5.jpg]-2.00 log,,FPKM

1.76

WT-ST WT-YS ptsdI-ST ptsdl-YS

ptsdI-YS/WT-YS

ARF
B3 [
G2-like B0
bHLH [
ERF
MYB |
Dof
Trihelix
HD-ZIP
LBD
VOZ
CO-like I
GATA
TCP
bZ1P
EIL
C3H
GRF
SBP
C2H2
NAC
WRKY
GRAS
RAV
HSF
WOX
FAR1
MADS
ZF-HD
HB-other
NF-YB

Up ® Down

20 25 30 35

Number of DEGs

40

45




Figure S5 Hierarchical cluster analyses of the differentially expressed TF gene families. Heatmap represents overall trend of the differential expression profiles of the 31 different TF families. The x-axis indicates the number of DEGs in different TF families. The y-axis represents the TF families. The detail was listed in Table S9.
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Figure S6 Cluster and expression pattern of the DEGs in MADS-box family. The following four parts are shown from left to right. Protein sequence maximum likelihood cluster tree (Ⅰ): the amino acid sequences of the DEGs were listed in Table S11. Gene expression pattern (Ⅱ): the gene expression levels were determined by RNA-seq data. Gene name (Ⅲ): the homologous genes of the DEGs in NCBI. Gene family (Ⅳ): the MADS-box subfamilies of the DEGs. The detail was listed in Table S10.
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Figure S7 The DEGs in gene families of receptor-like kinases, protein kinases, phosphatases and calcium signaling between WT-YS and ptsd1-YS. The x-axis indicates the number of DEGs. The y-axis represents receptor-like kinase, kinase, phosphatase and calcium-binding protein families. The detail was listed in Tables S12,13. 
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Figure S8 ROS signaling in ptsd1. (A) Heatmap of ROS response-related gene expression patterns in different samples. The colour bar indicates expression levels from low (green) to high (red). (B) ROS are signals and modulators of plant defense responses and PCD. The up-regulated expression genes in ptsd1 were marked in red. The detail was listed in Table S14. 
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Figure S9 Heatmap of DEG families involved in macromolecule degradation (A), nutrient transport (B), N recycling (C) and secondary metabolites biosynthesis (D) between WT-YS and ptsd1-YS. The detail was listed in Tables S17–20.
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Figure S10 The distribution of starch (red) and protein (yellow) in wheat spike apexes of WT (A) and mutant ptsd1 (B) at initiation of second awn stage. Scale bar = 200 μm. 
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geneTRIAE_CS42_3DL_TGACV1_249103_AA0837820 - Glutathione S-transferase 1
geneTRIAE_CS42_3DL_TGACV1_251148_AA0878080 Glutathione S-transferase 1
gene:TRIAE_CS42_5DL_TGACV1_433764_AA1421550 Glutathione S-transferase 1
gene:TRIAE_CS42 1AS TGACv1 019317 _AA0064830 Glutathione S-transferase 4
gene:TRIAE_CS42_1BS_TGACV1_051274_AA0178930 _ Glutathione S-transferase 4
gene:TRIAE_CS42_1BS_TGACV1_052728_AA0181960 Glutathione S-transferase 4
gene:TRIAE_CS42_1DS_TGACV1_080417_AA0247580 Glutathione S-transferase 4
gene:TRIAE_CS42_1DS_TGACV1_080472_AA0248650 Glutathione S-transferase 4
gene:TRIAE_CS42_5BS_TGACV1_423355_AA1374980 Glutathione S-transferase 4
gene:TRIAE CS42 7BS TGACv1 592018 AA1928290 Glutathione S-transferase 4
gene:TRIAE CS42 1BL_TGACv1_030930_AA0103950 Glutathione S-transferase U17
gene:TRIAE CS42 1DL_TGACv1 _062467_AA0214900 Glutathione S-transferase U17
gene:TRIAE_CS42 5BS TGACvl 423236 AA1371840 Glutathione S-transferase zeta class
gene:TRIAE CS42 5DS TGACv1 458182 AA1492610 Glutathione S-transferase zeta class
gene:TRIAE CS42 7BS TGACv1l 592328 AA1935730 Glutathione S-transferase GSTF1
gene:TRIAE CS42 7DL_TGACv1_603073 AA1975180 Glutathione S-transferase GSTF1
gene:TRIAE CS42 SDL_TGACv1 434088 AA1428790 Glutathione S-transferase GSTU1
gene:TRIAE CS42 SAL_TGACv1 375294 AA1219350 Glutathione S-transferase GSTU1
gene:TRIAE (CS42 SBL._ TGACv1 405971 _AA1338410 Glutathione S-transferase GSTU1
gene:TRIAE (CS42 SBL._TGACv1 407952 _AA1360610 Glutathione S-transferase GSTU1
gene:TRIAE (CS42 1AL _TGACv1_000725_AA0017960 Glutathione S-transferase GSTUG6
gene:TRIAE CS42 1AL _TGACv1_001900_AA0036430 Glutathione S-transferase GSTUG6
gene:TRIAE CS42 1AL _TGACv1_002955_AA0046720 Glutathione S-transferase GSTUG6
gene:TRIAE_CS42 1BL_TGACv1 031893 AA0122280 Glutathione S-transferase GSTUG6
gene:TRIAE CS42 1BL_TGACv1 034040 _AA0143180 Glutathione S-transferase GSTUG6
gene:TRIAE CS42 1DL_TGACv1_061293 AA0191530 Glutathione S-transferase GSTUG6
gene:TRIAE CS42 1DL_TGACv1_061935_AA0205830 Glutathione S-transferase GSTUG6
gene:TRIAE_CS42 1DL_TGACv1 062300 _AA0212070) Glutathione S-transferase GSTU6
gene:TRIAE CS42 1DL_TGACv1 062300 AA0212090 Glutathione S-transferase GSTU6
gene:TRIAE_CS42 1DL_TGACv1 062300 AA0212100] Glutathione S-transferase GSTU6
gene:TRIAE CS42 2AS TGACv1 112504 AA0339490 Glutathione S-transferase GSTU6
gene:TRIAE CS42 2BS TGACv1_ 148165 _AA0491120 Glutathione S-transferase GSTUG6
gene:TRIAE_(CS42 3DS TGACv1 272459 AA0921080 Glutathione S-transferase GSTUG6
gene:TRIAE (CS42 4AL_TGACv1_288539 AA0951460 Glutathione S-transferase GSTUG6
gene:TRIAE_(CS42 7AS TGACv1 570286 _AA1833310 Glutathione S-transferase GSTUG6
gene:TRIAE CS42 7DL_TGACv1_603080_ AA1975400 Glutathione S-transferase GSTU6
gene:TRIAE _CS42 7DS TGACv1_623736_AA2055740 Glutathione S-transferase GSTUG6
gene:TRIAE _CS42 7DS TGACv1_625079_AA2064320 Glutathione S-transferase GSTUG6
gene:TRIAE CS42 U TGACvl_641932 AA2107590 Glutathione S-transferase GSTUG6
gene:TRIAE CS42 U TGACvl_643110_AA2127360 Glutathione S-transferase GSTUG6
Wheat_newGene_ 9831} Glutathione S-transferase GSTUG6
gene:TRIAE (CS42 4AL_TGACv1_290703_AA0988450 Glutathione S-transferase
gene:TRIAE CS42 4BS TGACv1 329949 AA1104880 Glutathione S-transferase
gene:TRIAE CS42 6BS_TGACv1_513952 AA1652760 Glutathione S-transferase
gene:TRIAE CS42 U TGACv1l 646418 AA2146460 Glutathione S-transferase
gene:TRIAE CS42 SDL. TGACv1_433386_AA1411660 ABC transporter C family member 14
gene:TRIAE CS42 3AS TGACv1_211403_AA0689800 ABC transporter C family member 3
gene:TRIAE CS42 3B TGACv1 222340 AA0762490 ABC transporter C family member 3
gene:TRIAE CS42 3B TGACv1 224499 AA0797310 ABC transporter C family member 3

gene: TRIAE_CS42_3DS_TGACv1_273334_AA0930440 — ABC transporter C family member 3
2.07 0.37 2.92

log,,(FPKM)




Figure S11 Heatmap of the DEGs encoding GST and glutathione-conjugate transporter. The annotation information was listed in Table S18.
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Figure S12 K-means clusters of the differentially expressed miRNAs and the qRT-PCR verifying. (A) K-means clusters of the differentially expressed miRNAs. The y-axis shows normalized fold-changes of the miRNA expressions and the x-axis indicates each sample, the average values of the three biological replicates are represented. (B) The qRT-PCR results of the miRNAs. The x-axis indicates samples. The left y-axis indicates the relative expression levels determined by qRT-PCR and the expression values are adjusted by setting the minimum expression to be 1 for each miRNA. The right y-axis indicates the TPM. 
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Figure S13 DE miRNAs and their targets involved in senescence related signal responses and metabolisms in mutant ptsd1. The detailed information of the DE miRNAs and their targets is listed in Table S24. The miRNAs and targets coloured in red are highly expressed in young spikes of ptsd1, miRNAs and targets coloured in green are lowly expressed in young spikes of ptsd1.
