9 International J 1 of ~
= nternationa ourna (6] rM\DPI
Molecular Sciences 7

Supplementary Materials

Figure S1. Morphology of seedlings, mature plants, and pollen viability from WT and sh2008. (a) Wild-type (WT, left) and
mutant (sh2008, right) plants were transplanted into soil after rooting. Scale bar, 10 cm. (b) WT (left) and sh2008 mutant
(right) plants were transplanted into soil under normal management, both could produce tassel and ear under natural
conditions. (c,d) The pollens of the WT and sh2008 were stained 12-KI. Blue indicates the viability of the pollens; no signif-
icant difference was observed between them.
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Figure S2. The area of basal endosperm transfer cells. Kernels at 15 and 20 DAP were used for paraffin sections as that in
Figure 2 and the area of transfer cells was measured by Image]J. Values are the means of the three replicates + SD. ** denotes
statistical significance with P<0.01 by using a t-test when compared with the value in the WT.
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Figure S3. The amino acids content changes in the kernels of the WT and sh2008. The mature kernels were ground into a powder and
then sieved with a 60-mesh sifter. Each sample was repeated in triplicate. *P<0.05, **P<0.01. Values are the means of the three
replicates + SD. ** denotes statistical significance with P<0.01 and *denotes statistical significance with P<0.05 by using a ¢-test when
compared with the value in the WT.
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Figure S4. Expression pattern analysis of the 10 genes between marker M190-2 and M190-6. Expression pattern analysis of the 10
protein coding genes between marker M190-2 and M190-6 . Four had higher expression levels during the kernel development stage:
1#(GRMZM2G169580 (Zm00001d017420)), 2#(GRMZM2G117238 (Zm00001d017423), 3#(GRMZM2G072865(Zm00001d017424)), and
4#(GRMZM2G135291(Zm00001d017427)), labeled by boxes. The expression level are based on Stelpflug et al., 2016 [49] and Hoopes

et al., 2019 [50].
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Figure S5. Sequence and conserved domain analysis of ZmThx20 in WT and sh2008. The wild-type and mutated ZmThx20 were
amplified and sequenced by using Sanger sequence. Translated amino acids are deduced from the sequence result. The conserved
domain (two trihelix) was highlighted in yellow and green. The key “W” was highlighted in pink. The blue highlights the fourth
amphipathic a-helix, with the general sequence (F/Y)- (F/Y)-X-X-(L/I/M)-X-X-(L/I/M). In the mutated sh2008, protein translation was
terminated prematurely.
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Figure S6. Sequence similarity and expression analysis of ZmThx20. (a) Sequence similarity analysis of ZmThx20 and its homologs
in other organisms. The evolutionary history was inferred by using the Maximum Likelihood method and JTT matrix-based model
[S1, S2]. The phylogeny reconstruction was conducted in MEGAX. (b) qRT-PCR analysis of ZmThx20 in various tissues and the
developing kernels at different days after pollination (DAP). Maize ZmTubi was used as a reference gene. The relative gene expression

levels were calculated using the 2-44¢t method[S3].
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Figure S7. GO terms and pathway analysis of DEGs in kernels at the 15 DAP stage comparing sh2008 mutant and WT. Bobble plot
showing the fold enrichment, gene number, and p-value for each enriched GO term comparing sh2008 and WT in development (a),
response to stresses (b), metabolism, and others (c). (d) Pathway analysis of DEGs in kernels at the 15 DAP stage in the comparing
sh2008 mutant to WT. Gene numbers were mapped to KEGG (https://www.kegg.jp/kegg/pathway.html). The key DEGs used in (d-
e) are listed in Supplementary Table 4.
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Figure S8. qRT-PCR analysis of ZmThx20 and key DEGs in the kernels of WT and sh2008 to validate the key DEGs identified by

RNAseq.

Zmo?2 (Opaque endosperm2, GRMZM2G015534/ Zm00001d018971), Zm 18kDa zein (delta zein structural 18, GRMZM2G100018/
Zm00001d037436), Zm19 kDa zein (GRMZM2G008913/ Zm00001eb171940(V5)), Zm22 kDa zein (GRMZM2G044625), ZmGBSSI
(Granulae-bound starch synthase 1 (waxyl), GRMZM2G024993/ Zm00001d045462), ZmSBEI (starch branching enzyme IIb
interacting proteinl, GRMZM2G089553/Zm00001d011685), ZmSBEIIb (starch branching enzyme IIb interacting protein2,
GRMZM2G091494/Zm00001d043703), ZmSEBIla (starch branching enzyme IIb interacting proteinl, GRMZM2G089553/
Zm00001d011685), ZmSSlla (starch synthase 2 (sugary2), GRMZM2G348551/Zm00001d037234), ZmSSlla (starch synthase 3 (dull
endosperm1), ZmSSI (starch synthase I, GRMZM2G129451/ Zm00001d045261), GRMZM2G141399/Zm00001d000002), ZmBrittle2
(brittle endosperm2, GRMZM2G068506/Zm00001d050032), ZmSh2 (shrunken2, GRMZM2G429899/Zm00001d044129). The maize
kernels from the sh2008 and WT plants were collected at DAP 8, 15, and 20, and RNA extraction and qRT-PCR were performed.
Maize ZmTubi was used as a reference gene. The relative gene expression levels were calculated using the 2-2¢t method[S3], that is, 2-
(Ctgene-Ctreference) and the expression level at 8 DAP in WT was set as 1-fold.
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Figure S9. Comparison of O2 and ZmThx20 in gene expression. (a) Effect of sh2008 on the expression of transcription factors involved
in endosperm development. Bar plots show the relative expression levels (fragments per kilobase of transcript per million mapped
reads) of Opaque2 (02), O2-heterodimerizing proteins 1 (OHP1) and OHP2, DOF family TF Prolamin-box binding factor (PBF),
ZmbZIP22, ZmMADS47, ZmThx39, and ZmThx20. (b) Comparison of O2 and ZmThx20 in gene expression for the overview DEGs. (c),
DEGs in nutrient reservoir activity (GO: 0045736) and O2 direct targets. The key overlapping DEGs in (c) are listed in Table S4.
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