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FIGURE 1 The increase of rice resistance infested by BPH gravid females and its
overall m®A modification

(a, b) Mean number of BPH nymphs (a) and female adults (b) per plant for plant pairs
(n = 12; BPH pre-infested rice vs control rice). Fifteen fourth instar nymphs and
gravid female adults were released for each replicate. (¢) Mean survival rates of
nymphs across time (n = 8). (d) Mean amount of honeydew excreted by a female
adult 24 h after the start of the experiment (n = 18). All choice and no-choice assays
were performed after 24 h of continuous gravid females infestation on rice leaf
sheaths (BPH pre-infested), whereas untreated rice plants were used as the controls. (e)
Circo plots of m®A methylome in rice plants. The six rings from outside to inside
show the genomic positions (1% ring), gene density (2™ ring), m®A methylome density
of control rice plants (37 and 4% rings), m®A methylome density of BPH-infested

plants (5" and 6" rings). The outer loop of each ring (376" rings) represents the
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plus-strand of the genome and the inner loop represents the minus-strand. (f)
Histograms showing the number of m®A methylation positions in control (Nip 1,
Nip 2) and BPH-infested Nipponbare plants (NI-Nip 1, NI-Nip 2). The Y-axis
represents the total position number and X-axis represents the two treatments. Two
biological replicates were used for each treatment. (g) Dot-blot analysis of m°A levels
in total RNA extracted from rice samples using the specific anti-m°A antibodies. Error
bars represent standard errors. Asterisks indicate significant differences (** p < 0.01;
ns, no significant difference; Student’s 7-test). m®A, N°-methyladenosine; BPH, brown

planthopper; Nip, control Nipponbare rice; NI-Nip, BPH-infested Nipponbare rice.
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FIGURE 2 Integrated analyses of the relationship between transcripts regulation and

m°®A modification

(a) The percentage of rice m®A methylated and un-methylated genes at defined TPM

(Transcripts Per kilobase of exon model per Million mapped reads) levels (< 1, 1-5,

and > 5). Color densities indicate different percentages of genes in a category. (b)
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Comparisons of the number of non-m°A methylated genes and m°A methylated genes
in their gene bodies with high (High: TPM > 1) and lower (Low: TPM < 1) expression
levels in each treatment. (c) Box plot comparing TPM expression levels between
non-m®A and m°A methylated genes in each treatment. Asterisks indicate significant
differences (** p < 0.01; Student’s z-test). (d) Histograms showing the number of
significantly up- and down-regulated transcripts that contain m°A modifications in
NI-Nip vs. Nip comparison group. (e) Stack diagram of the relationship between the
mC®A methylation differential types and the corresponding transcripts differential types
in NI-Nip vs. Nip comparison group. The Y-axis represents transcripts of different
regulation types as well as their numbers, and X-axis shows the up- and
down-directed mSA methylated transcripts in NI-Nip vs. Nip group. (f) Widely
integrated analyses of the relationship between the transcript expression levels and
mC®A methylated functional elements using the m°A modified transcripts in NI-Nip vs.
Nip group. The Y-axis represents the different gene structure of m°A modification
regions; X-axis shows the number of transcripts with different regulatory types. (g)
Percentages of each gene body in differentially m°A-methylated genes in control Nip,
NI-Nip, as well as in NI-Nip vs. Nip group. m°A, N°-methyladenosine; BPH, brown
planthopper; Nip, control Nipponbare rice sample; N1-Nip, BPH-infested Nipponbare

rice sample.



Relative expression level

Relative expression level

Relative expression level

51

52
“WRITER” “ERASER”

49 p=0.079 34
] =
P
3 2

*x .E 2
I w)
2 g

s s sk % L p=0.998 Pp=0.040 *x p=0.387 ns p=0.936 ns Pp=0.906
NS p=0.276 —_p=0.411 —p=0.636 ——p=0.001 Py -

— _ - - > l =
1 =
]

L W BRI Bl 2 pln ALY
0 T T T ﬁl |_| 0 I I

T
OsMTA1 OsMTA2 OsMTA3 OsMTA4 OsFIP

ALKBHY9B-1 ALKBH9Y9B-2 ALKBH10B ALKBH10B-L1 ALKBH10B-L2
“READER”
677 ok
5 * %
k% _
- .
4_
37 ** *ok
- Aok
24 p—0.463 p=0177 — p-0sis p=0.730 o836
k50463 s p=0.540 ** poonn ™ p0s3s P=0816 sk p=0.098 k% p<).001 —
JUm e P BOE T Pl EOE T DR Pl Pl R L LY
OsYTHO1 OsYTHO02 OsYTHO03 OsYTH04 OsYTHO5 OsYTH06 OsYTHO07 OsYTHO8 OsYTH09 OsYTH10 OsYTH11 OsYTHI12
“DONOR?” synthesis
=3 Nip (qPCR)
89 = NI-Nip (qPCR)
** 3 Nip (Trans)
6 1 NI-Nip (Trans)
*x ok
47 *k
_ *%
5 p=0.001 p0161 ﬂ
1 T T

OsSAM1 OsSAMI1-Like OsSAM2 OsSAM2-like

OsSAM3



53
54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Nucleus

/ Donor
[ NI-Nip: OsSAM2

RRACH
RRACHS ™

NI-Nip: OsMTA1 & OsFIP

RRACH
5’-UTR @ \—/‘1
_ff RRACHS™

5-UTR Writer +cH;
i B ‘.-RRACH
C:; 3-UTR — CAP TR
pre-mRNA Eraser -cH: N6-methylated mRNA
NI-Nip: ALKBHOB-2 Reader
NI-Nip
OSYTH01IO5!07 12
cDs
RRACH
RiggH Export -/_/ \_/’
// \_,\ i G o
‘...-RRACH :T R'S?:h CAP -
CAP 5-UTR Information transferring

FIGURE 3 Relative expression levels of rice genes involved in m°A methylation
machinery under BPH infestation

(a—d) RT-qPCR and transcriptome analysis of the relative expression of 5 “WRITER”
genes (a), 5 “ERASER” genes (b), 12 “READER” genes (c), and 5 methyl “DONOR”
synthesis genes (d) in Nip and NI-Nip plants. Some undetected transcriptome data
indicated the absence of m°®A methylation sites in the transcript. Error bars represent
standard errors. Asterisks indicate significant differences (* p < 0.05; ** p < 0.01; ns,
no significant difference; Student’s #-test). (¢) Rice m°A methylation pathways and
related genes upon BPH infestation. Blue letters indicate differentially expressed
transcripts containing differentially directed m°A methylation with the same
regulatory trend. OsSAM2 means that OsSAM2 was up-regulated and showed
up-directed m°®A methylation in NI-Nip compared with in Nip plants. OsFIP indicates
that OsFIP was down-regulated and also showed down-directed m®A methylation in
NI-Nip compared with in Nip plants. The differentially expressed transcripts showed a
transcriptional expression fold change of < 0.5 or > 2 (p < 0.05), along with a

significant m®A methylation direction (p < 0.05), and |meth diff] > 10. mCA,



71 NS-methyladenosine; BPH, brown planthopper; Nip, control Nipponbare rice; NI-Nip,
72 BPH-infested Nipponbare rice.
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FIGURE 4 The BPH infestation activated cellulose- and hemicellulose-synthesis
pathways

(a—) RT-qPCR and transcriptome analysis of the relative expression of 9 Bph genes
(a), 13 cellulose synthesis genes (b), and 6 hemicellulose synthesis genes (c) in Nip
and NI-Nip plants. Some undetected transcriptome data indicated the absence of m°A
methylation sites in the transcript. (d, ) Mean levels (n = 6) of cellulose (d) and
hemicellulose (e) in Nip and NI-Nip plants. Error bars represent standard errors.
Asterisks indicate significant differences (** p < 0.01; ns, no significant difference;
Student’s #-test). Nip, control Nipponbare rice; NI-Nip, BPH-infested Nipponbare rice;

FW, fresh weight.
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91  FIGURE S5 Jasmonic acid biosynthesis and responsive pathways were activated in
92  BPH-infested rice plants

93  (a—c) RT-gPCR and transcriptome analysis of the relative expression of 9 JA
94  biosynthesis-related genes (a), and 18 JA responsive genes (b, c¢) in Nip and NI-Nip
95  plants. Some undetected transcriptome data indicated the absence of m°A methylation
96  sites in the transcript. (d, €) Mean levels (n = 6) of JA (d), and jasmonoyl-isoleucine
97  (JA-IIE) (e) in Nip and NI-Nip plants. Error bars represent standard errors. Asterisks
98 indicate significant differences (* p < 0.05; ** p < 0.01; ns, no significant difference;
99  Student’s #-test). Nip, control Nipponbare rice; NI1-Nip, BPH-infested Nipponbare rice;
100  FW, fresh weight.
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104  FIGURE 6 Auxin pathways and gibberellic acid biosynthesis process were activated
105  in BPH-infested rice plants
106  (a—e) RT-gPCR and transcriptome analysis of the relative expression of Auxin
107  biosynthetic process (a), Auxin-activated signaling pathway (b), Auxin
108  transport-related (c), gibberellic acid (GA) biosynthetic (d), and GA metabolic (e)
109  genes in Nip and NI-Nip plants. Error bars represent standard errors. Asterisks
110  indicate significant differences (** p < 0.01; ns, no significant difference; Student’s
111 t-test). BPH, brown planthopper; Nip, control Nipponbare rice; NI-Nip, BPH-infested
112 Nipponbare rice.

15



Os¥THO7/08/11/12
OsYTHO1/05/09/10 READER

méA Poly(4)

methylation Growth restriction

Growth phytohormones

Defense phytohormones Bphs resistance genes

A
o
) st st o

=
)
o
L}
i
=
I
S
=
=
=
2
=]

g
7
=}
=
5

=

53

=]

]

OsITRKY71, OsCRYIb
OsGA2ox3
0s4051/2, 0sJMT1
OsLOX2/8
OsCM, OsPAL
OsPALI, OsEDS]

Os54M2

OsWRKY45, OsPRI-161

OsGA200x 2, OsGAZox?
OsIWRKY28, OsMYB2
OsPR>-/2:34, OsPR?
BC1GA5, CESA347
CSLHIL IRX14, IRX9

OsMAX]e, OsPIN1AAb2
OsPILS6b/Th, Os11g0544100

=

OsARFY3, OsTIR1, OsIAA27
0sGRF&/7, 0sSGT1, OsDREBIB g

=3
Es
S8
£s
3

g
33
s
S8

Flavanoids, Terpenoids, et al. Callose, et al. Cellulose Hemi-cellulose

m Transcription

iﬁ.

FIGURE 7 Proposed model of the rice m°A RNA methylation modulation in key
defense and growth pathways regulated by BPH infestation

The genes highlighted in red denote both transcriptional up-regulated (p < 0.05) and
up-directed m°A modification (p < 0.05 and |meth diff] > 10). The number of
up-directed m®A sites occurring on the target pathway in NI-Nip vs. Nip group was
less than that of down-directed m°A sites. Genes highlighted in blue represent both
transcriptional down-regulated (p < 0.05) and down-directed m°A modification; the
number of down-directed m°A sites occurring on the target pathway in N1-Nip vs. Nip
group was less than that of up-directed mCA sites (p < 0.05 and |meth diff] > 10). The
upward arrows indicate increased phytohormones content, and downward arrows
indicate decreased phytohormones content. Bio, biosynthetic process; Sig, activated
signaling process; Tra, transport process; Met, metabolic process; Res, responsive
process; m°A, NS-methyladenosine; BPH, brown planthopper; Nip, control

Nipponbare rice; N1-Nip, BPH-infested Nipponbare rice.
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