
Figure S1. Construction of Near-isogenic line NIL-LGS1. (A) Procedure of selection for Near-isogenic line (NIL)
and construction of advanced backcross populations and mapping populations. MAS, molecular marker-assisted
selection. BC10F3 materials were analyzed in this study. (B) Distribution of grain length in the BC5F2 population.
(C) Background of NIL and Samba. The RM, SSR primers were from from International Rice Genome
Sequencing Project (Matsumoto et al., 2005). The red bar indicates the JF178 background, and the white bar
indicates the Samba background in the rice genome. (Matsumoto T, Wu JZ, Kanamori H, et al. 2005. The
map-based sequence of the rice genome. Nature 436, 793-800.)
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Figure S2. Panicle phenotype analysis of LGS1 plants. (A) Grain phenotype of parental lines and reciprocal crossing
F1 generations. Scale bar, 1 cm. (B-F) Comparison of grain length (B), grain width (C), thousand grain weight (D),
grain thickness (E) and grain number of the major panicle (F) of reciprocal crossing F1 progeny between JF178 and
Samba (n=~100-3000). (G-I) Comparison of plant height (G), spike length (H), effective panicles (I), primary branch
per panicle (J), secondary branch per panicle (K) and tertiary branch per panicle (l) in NILs (n=90). Values are given
as the mean ± SE. ns P>0.05, * P<0.05, ** P<0.01 were calculated by Student’s t-test.
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Figure S3. LGS1 expression vector constructs, subcellular localization and interaction partner. (A-D) Schematic
diagrams of genetic complementation vector (A), RNA interference vector (B), lgs1 promoter::GUS reporter vector (C),
subcellular localization vector of LGS1 (D). (E-H) vectors expressing the full-length LGS1 (E), the LGS1 C-terminus
(F), the LGS1 N-terminus (G), and GIFs (H). These cDNAs were fused to the GAL4 DNA-binding domain in
pGBKT7, or to the GAL4 DNA-activating domain in pGAKT7. (I) Subcellular localization of LGS1. The LGS1-green
fluorescent protein (GFP) fusion protein was localized to the nucleus. Bright field, Arabidopsis cells imaged on bright
field; GFP, Arabidopsis cells expressing LGS1-GFP; RFP, Arabidopsis cells expressing the nuclear localization marker
Collin-RFP; Merge, merged image of GFP and RFP. (J) Transcriptional activity of the LGS1 C-terminus. (K)
Interaction between LGS1 and GIFs. Full-length LGS1 includes amino acid residues 1-394 (LGS1JF178, lgs1Ma85). The
LGS1 C-terminus contains residues between 173-394, and the N-terminus has amino acid residues between 1-172. The
LGS1 cDNA was cloned from JF178, whereas the lgs1 cDNA was from Ma85. Full-length cDNAs of OsGIF1
(Os11g0615200), OsGIF2 (Os12g0496900), and OsGIF3 (Os03g0733600) were cloned from Ma85.
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Figure S4. Grain shape traits of transgenic plants. (A-C) Comparison of grain length (A), grain width (B) and
thousand grain weight (C) in Ma85 and transgenic Ma85 expressing the complementation vector pLGS1::LGS1 (n=~
300-3000). (D-F) Comparison of grain length (D), grain width (E) and thousand grain weight (F) in the mutant line
JF178 and transgenic JF178 expressing the complementation vector plgs1::lgs1 (n=~300-3000). (G-I) Comparison of
grain length (G), grain width (H) and thousand grain weight (I) in Samba, transgenic Samba expressing lgs1-RNAi,
JF178, and transgenic JF178 expressing LGS1-RNAi (n=~300-3000). Ma85, JF178, Samba and JF178 serve as
controls in (A, B, C), (D, E, F), and (G, H, I), respectively. Values are given as the mean ± SE. ns P>0.05, * P<0.05,
** P<0.01 were calculated by Student’s t-test.
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Figure S5. Glume cell number, endosperm size and grain filling dynamics of NILs. (A-E) Comparison of
longitudinal epidermal cell number of lemma (A) and palea (B), transverse epidermal cell number of lemma
(C) and palea (D), and endosperm size (E) between Samba and NIL-LGS1JF178. (F) Time-course of
endosperm dry weight increase (n=300). Samba as a control. Values are given as the mean ± SE. ns P>0.05,
* P<0.05, ** P<0.01 were calculated by Student’s t-test.
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Figure S6. Biomass accumulation of NILs. (A) Morphology of NIL plants 10 days after germination. Scale bar, 5 cm.
(B-D) Comparison of fresh weight (B), dry weight (C), and seedling length (D) of NIL plants 10 days after
germination. (E-H) Comparison of plant height (E), fresh weight (F), dry weight (G), and tiller number (H) of NIL
plants in the shooting stage. Samba as a control. Values are given as the mean ± SE. ns P>0.05, * P<0.05, ** P<0.01
were calculated by Student’s t-test.
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Figure S7. Response of NILs to plant hormone treatments. (A, C, E, G) Phenotypes of one-week old NIL plants in
response to treatments with the plant hormone BL (A), ABA (C), IAA (E), and GA3 (G). Scale bar, 5 cm. The
hormone concentrations are shown in the right panels (B, D, F, H). (B) Lamina inclination response of NIL plants to
BL treatment. (D, F, H) Seedling length of one-week old NIL plants in response to treatments with ABA (D), IAA (F),
and GA3 (H). Samba served as control. Values are given as the mean ± SE. An ANOVA was used to generate the
significant difference, ns P>0.05, * P<0.05, ** P<0.01.
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Figure S8. Targeting of the LGS1 and lgs1 mRNAs by miR396. (A) Pairing of the LGS1 and lgs1
mRNAs by miR396 members. The nucleotide substitution of TC to AA at position 487 to 488 is
marked in red in the LGS1 mRNA. (B) qRT-PCR analysis of miR396 and LGS1 expression levels
using total RNA isolated from young panicles of NIL plants (n=4). The relative expression levels of
miR396 in stage IV and LGS1 in stage VIII of young panicles were set as 1. Values are given as the
mean ± SE.
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Figure S9. Expression levels of LGS1 and miR396 in response to low temperature stress. (A) qRT-PCR analysis of
the LGS1 mRNA using total RNA isolated from Ma85 and JF178 seedlings treated with abiotic stress and hormones
(n=3). The relative expression levels of lgs1 mRNA in Ma85 were set as 1. (B) Time course of lgs1 transcript levels
in Ma85 seedlings treated with 4 oC (n=3). The relative expression levels of lgs1 mRNA in Ma85 at 0 min of cold
treatment were set as 1. (C) Time course of miR396 transcript levels in Ma85 treated with 4 oC (n=3). The relative
expression levels of miR396 in Ma85 at 0 min of cold treatment were set as 1. (D) Time course of lgs1 transcript
levels in Ma85 seedlings in the reversal experiment of cold treatment (n=3). The relative expression levels of lgs1
mRNA in Ma85 at 0 min of cold treatment were set as 1. (E) Time course of miR396 transcript levels in Ma85 in the
reversal experiment of cold treatment (n=3). The relative expression levels of miR396 in Ma85 at 0 min of cold
treatment were set as 1. Values are given as the mean ± SE. An ANOVA was used to generate the significant
difference, ns P>0.05, * P<0.05, ** P<0.01.
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Figure S10. Expression levels of miR396 members in Ma85, JF178, Samba, and transgenic lines in
response to cold treatment. (A) Comparison of relative expression levels of miR396 members in Ma85 and
transgenic Ma85 expressing the complementation vector pLGS1::LGS1 (n=3). (B) Comparison of relative
expression levels of miR396 members in JF178 and transgenic JF178 expressing the complementation
vector plgs1::lgs1 and JF178 RNA interference transgenic plants (n=3). (C) Comparison of relative
expression levels of miR396 members in Samba, NIL-LGS1JF178 and transgenic Samba expressing RNAi
(n=3). Solid bars represent control plants (CK) without cold treatment. Stretched bars represent samples that
were treated with 4 oC cold stress for 40 min. The relative expression levels of miR396 members in CK
(control) were set as 1. Values are given as the mean ± SE. ns P>0.05, * P<0.05, ** P<0.01 were calculated
by Student’s t-test.
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Figure S11. Expression levels of LGS1 and miR396 in rice seedlings after recovery from cold treatment.
(A) Comparison of relative expression levels of LGS1 in Ma85 and transgenic Ma85 expressing the
complementation vector pLGS1::LGS1, JF178 and transgenic JF178 expressing the complementation
vector plgs1::lgs1, Samba and NIL-LGS1JF178 in response to reversal experiment of cold treatment (n=3).
(B-G) Comparison of relative expression levels of miR396 members in Ma85 (B), transgenic Ma85
expressing the complementation vector pLGS1::LGS1(C), JF178 (D), transgenic JF178 expressing the
complementation vector plgs1::lgs1(E) Samba (F) and NIL-LGS1JF178 (G) in response to reversal
experiment of cold treatment (n=3). Values are given as the mean ± SE. An ANOVA was used to
generate the significant difference, P>0.05.
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Figure S12. Phylogenetic tree of the OsGRF family members in rice. The MEGA7 Neighbour-Joining
tree was inferred from the 12 amino acid sequences of the GRF4 homologs in indica rice. The tree is
drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to
infer the phylogenetic tree. The evolutionary distances were computed using the Poisson correction
method and were in units of the number of amino acid substitutions per site. All positions containing
gaps and missing data were eliminated. Scale bar values are shown as their evolutionary notes.
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