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Supplementary Figure 1 

Coverage of members in the root bacterial microbiota by the representative indica and japonica varieties. 

(a) Rarefaction curves of detected bacterial species of the root microbiota reach the saturation stage with increasing numbers of 

samples, indicating that the root microbiota in our population capture most root bacteria members from each rice subspecies. Indica 

and japonica varieties in two locations are shown separately. (b) Rarefaction curves of detected bacterial OTUs of the root microbiota 

from indica and japonica varieties reach saturation stage with increasing sequencing depth. Each vertical bar represents standard error. 

The numbers of replicated samples in this figure are as follows: in field I, indica (n = 201), japonica (n = 80), soil (n = 12); in field II, 

indica (n = 201), japonica (n = 81), soil (n = 12). 
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Supplementary Figure 2 

Comparison of the root microbiota of indica and japonica varieties. 

(a,b) Principal coordinate analysis with unweighted (a) and weighted (b) UniFrac distance show that the root microbiota of indica 

separate from that of japonica in field I in the first two axes, indicating that the root microbiota of indica are distinct from that of japonica 

(P < 0.001, PERMANOVA by Adonis). Ellipses cover 68% of the data for each rice subspecies. (c,d) Principal coordinate analysis with 

unweighted (c) and weighted (d) UniFrac distance showing that the root microbiota of indica separate from those of japonica in field II in 

the first two axes, revealing that root microbiota of indica are distinct from those of japonica (P < 0.001, PERMANOVA by Adonis). The 

numbers of replicated samples are as follows: in field I, indica (n = 201), japonica (n = 80); in field II, indica (n = 201), japonica (n = 81).  
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Supplementary Figure 3 

Comparison of the root microbiota in two fields. 

(a,b) Unconstrained (a) and constrained (b) principal coordinate analysis of indica in field I, japonica in field I, indica in field II, and 
japonica in field II with Bray-Curtis distance. (c,d) Principal coordinate analysis of indica in field I, japonica in field I, indica in field II, and 
japonica in field II with unweighted (c) and weighted UniFrac (d) distance. Ellipses cover 68% of the data for each rice subspecies. The 
numbers of replicated samples are as follows: in field I, indica (n = 201), japonica (n = 80); in field II, indica (n = 201), japonica (n = 81).  
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Supplementary Figure 4 

Comparison of within-sample diversity ( -diversity) between indica and japonica. 

(a,b) Chao 1 (a) and observed OTUs (b) of the root microbiota of indica, japonica, and corresponding unplanted bulk soils in two fields. 
The numbers of replicated samples are as follows: in field I, indica (n = 201), japonica (n = 80), soil (n = 12); in field II, indica (n = 201), 
japonica (n = 81), soil (n = 12). Data in two locations show the consistent trend that the root microbiota of indica show higher alpha 
diversity than those of japonica. The horizontal bars within boxes represent median. The tops and bottoms of boxes represent 75th and 

25th percentiles, respectively. The upper and lower whiskers extend to data no more than 1.5  the interquartile range from the upper 

edge and lower edge of the box, respectively. 
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Supplementary Figure 5 

Taxonomic composition of the indica- and japonica-enriched OTUs.. 

(a,b) The relative abundance of indica-enriched (a) and japonica-enriched (b) OTUs at the phylum level. Proteobacteria are shown at 
the class level.  



1 2 3 7

1
0

1
4

2
1

2
8

3
5

4
2

4
9

6
3

7
0

7
7

8
4

9
1

9
8

1
1
2

1
1
9

OTU 219
OTU 496
OTU 118
OTU 186
OTU 89
OTU 275
OTU 195
OTU 117
OTU 494
OTU 777
OTU 540
OTU 220
OTU 191
OTU 544
OTU 246
OTU 155
OTU 628
OTU 438
OTU 233
OTU 182
OTU 926
OTU 5629
OTU 199
OTU 396
OTU 340
OTU 7
OTU 19
OTU 402
OTU 637
OTU 230
OTU 612
OTU 837
OTU 888
OTU 303
OTU 136
OTU 114
OTU 906
OTU 679
OTU 179
OTU 374
OTU 106
OTU 800
OTU 288
OTU 506
OTU 172
OTU 378
OTU 716
OTU 575
OTU 525
OTU 116
OTU 669
OTU 108
OTU 210
OTU 161
OTU 190
OTU 261
OTU 440
OTU 202
OTU 124
OTU 145
OTU 1697
OTU 329
OTU 132
OTU 119
OTU 47
OTU 144
OTU 2397
OTU 392
OTU 348
OTU 961
OTU 410
OTU 20
OTU 221
OTU 841
OTU 4306
OTU 39
OTU 587
OTU 80
OTU 141
OTU 178
OTU 112
OTU 512
OTU 29
OTU 1517
OTU 791
OTU 310
OTU 861
OTU 1894
OTU 730
OTU 675
OTU 282
OTU 63
OTU 164
OTU 384
OTU 48
OTU 81
OTU 68
OTU 169
OTU 8
OTU 786
OTU 30
OTU 9
OTU 61
OTU 66
OTU 2378
OTU 620
OTU 3464
OTU 121
OTU 11
OTU 115
OTU 102
OTU 316
OTU 45
OTU 1954
OTU 350
OTU 528
OTU 439
OTU 712
OTU 406
OTU 236
OTU 461
OTU 109
OTU 386
OTU 142
OTU 37
OTU 138
OTU 107
OTU 365
OTU 243
OTU 26

Phylum

Acidobacteria
Actinobacteria
Bacteroidetes
Chloroflexi
Firmicutes
Ignavibacteriae−4

−2

0

2

4

A
e
ro

b
ic

 c
h
e
m

o
h
e
te

ro
tr

o
p

h
y

A
e
ro

b
ic

 n
it
ri
te

o
x
id

a
ti
o
n

A
ro

m
a
ti
c
 c

o
m

p
o
u
n
d
 d

e
g

ra
d
a
ti
o
n

A
ro

m
a
ti
c

h
y
d
ro

c
a
rb

o
n
 d

e
g

ra
d
a
ti
o
n

A
rs

e
n
a
te

 r
e
s
p
ir
a
ti
o
n

C
e
llu

lo
ly

s
is

C
h
e
m

o
h
e
te

ro
tr

o
p

h
y

C
h
lo

ro
p
la

s
ts

H
y
d
ro

g
e
n

o
x
id

a
ti
o
n

S
u
lf
u
r 

c
o
m

p
o
u
n
d
s
 o

x
id

a
ti
o
n

S
u
lf
u
r

o
x
id

a
ti
o
n

T
h
io

s
u
lf
a
te

o
x
id

a
ti
o
n

D
e
n
it
ri
fi
c
a
ti
o
n

A
rs

e
n
a
te

 r
e
d
u
c
ti
o
n

F
e

rm
e
n
ta

ti
o
n

F
u
m

a
ra

te
 r

e
s
p
ir
a
ti
o
n

H
y
d
ro

c
a
rb

o
n
 d

e
g

ra
d
a
ti
o
n

Ir
o
n
 r

e
s
p
ir
a
ti
o
n

K
n
a
llg

a
s
 b

a
c
te

ri
a

M
a
n
g
a
n
e
s
e
 r

e
s
p
ir

a
ti
o
n

N
it
ra

te
 a

m
m

o
n
if
ic

a
ti
o
n

N
it
ra

te
 d

e
n
it
ri
fi
c
a
ti
o
n

N
it
ra

te
 r

e
d
u
c
ti
o
n

N
it
ra

te
 r

e
s
p
ir
a
ti
o
n

N
it
ri
fi
c
a
ti
o
n

N
it
ri
te

 a
m

m
o
n
if
ic

a
ti
o
n

N
it
ri
te

 d
e
n
it
ri
fi
c
a
ti
o
n

N
it
ri
te

 r
e
s
p
ir
a
ti
o
n

N
it
ro

g
e
n
 r

e
s
p
ir

a
ti
o
n

N
it
ro

u
s

o
x
id

e
 d

e
n
it
ri
fi
c
a
ti
o
n

S
u
lf
u
r 

c
o
m

p
o
u
n
d
s
 r

e
s
p
ir
a
ti
o
n

S
u
lf
a
te

 r
e
s
p
ir
a
ti
o
n

S
u
lf
it
e
 r

e
s
p
ir

a
ti
o
n

S
u
lf
u
r 

re
s
p
ir
a
ti
o
n

T
h
io

s
u
lf
a
te

 r
e
s
p
ir
a
ti
o
n

U
re

o
ly

s
is

X
y
la

n
o
ly

s
is

OTU 128
OTU 152
OTU 10
OTU 60
OTU 23
OTU 70
OTU 196
OTU 25
OTU 3
OTU 12
OTU 15
OTU 86
OTU 43
OTU 1971
OTU 55
OTU 75

Functional annotation by FAPROTAX Relative abundance of time-series

P
h
y
lu

m

dc

ba

Days in the field

in
d
ic

a
-e

n
ri
ch

e
d
 O

T
U

s
ja

p
o
n
ic

a
-e

n
ri
ch

e
d
 O

T
U

s

Nitrospirae
Poribacteria
Proteobacteria
Spirochaetes
Verrucomicrobia

 



Supplementary Figure 6 

Function and time-series shift of the indica- and japonica-enriched OTUs. 

(a) Functional annotation of indica-enriched OTUs by FAPROTAX. The presence of functions is shown in red. (b) Shift of relative 

abundance of indica-enriched OTUs according to time-course data from the rice root microbiota in the field in Changping Farm
17

. (c) 

Functional annotation of japonica-enriched OTUs by FAPROTAX. The presence of functions is shown in red. (d) Shift of relative 

abundance of japonica-enriched OTUs according to time-course data from the rice root microbiota in the field in Changping Farm
17

. 
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Supplementary Figure 7 



Correlation between the natural variation of NRT1.1B and nitrogen-related functions in indica and japonica populations. 

(a–e) The natural variation in NRT1.1B in indica and japonica populations is correlated with nitrogen-related functions in root microbiota 

from indica and japonica populations, including nitrite ammonification (a) (P = 2.2  10
–16

 in field I; P = 1.8  10
–12

 in field II, two-sided t-

test), nitrate reduction (b) (P = 1.1  10
–13

 in field I; P = 2.1  10
–8

 in field II, two-sided t-test), respiration of nitrate (c) (P = 2.2  10
–16

 in 

field I; P = 6.1  10
–13

 in field II, two-sided t-test), nitrite respiration (d) (P = 2.4  10
–16

 in field I; P = 7.2  10
–13

 in field II, two-sided t-

test) and nitrogen respiration (e) (P = 2.2  10
–16

 in field I; P = 6.8  10
–13

 in field II, two-sided t-test). NRT1.1B
indica

 harbors a “T” at 980 

bp downstream of the ATG start codon and NRT1.1B
japonica

 harbors a “C” at the same position, resulting in an amino acid substitution 
(p. Met327Thr). The numbers of replicated samples are as follows: in field I, indica (n = 192), japonica (n = 86); in field II, indica (n = 
192), japonica (n = 87). 
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Supplementary Figure 8 

NRT1.1B and its natural variation modulate the assembly of the rice root microbiota. 

(a,b) Principal coordinate analysis with unweighted (a) and weighted (b) UniFrac distance showing that the root microbiota of ZH11 
(wild-type), nrt1.1b, Nipponbare NRT1.1B

indica
, and Nipponbare NRT1.1B

japonica
 separate in the first two axes. Ellipses cover 68% of the 

data for each genotype. (c) Constrained principal coordinate analysis showing that 57.1% of the root microbiota variations are 
explained by genotypes (ZH11, nrt1.1b, NRT1.1B

indica
, and NRT1.1B

japonica
). The numbers of replicated samples are as follows: ZH11 (n 

= 16), nrt1.1b (n = 14), NRT1.1B
indica

 (n = 15), NRT1.1B
japonica

 (n = 15). (d,e) A full factorial replication experiment validates the 
conclusion that NRT1.1B and its natural variation modulate the assembly of the rice root microbiota. Unconstrained (d) and constrained 
(e) principal coordinate analysis with Bray-Curtis distance showing that the root microbiota of ZH11 (wild-type), nrt1.1b, NRT1.1B

indica
, 

and NRT1.1B
japonica

 separate in the first two axes. The plants were grown in different fields and at different time from the samples in Fig. 
4. Ellipses cover 68% of the data for each genotype. The numbers of replicated samples are as follows: ZH11 (n = 14), nrt1.1b (n = 10), 
NRT1.1B

indica
 (n = 15), NRT1.1B

japonica 
(n = 15).  
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Supplementary Figure 9 

OTUs associated with NRT1.1B in the field condition related to Fig. 4. 

(a) Enrichment and depletion of OTUs in the nrt1.1b mutant compared with wild-type ZH11. Each point represents an individual OTU, 

and the position along the x axis represents the abundance fold change between the nrt1.1b mutant and wild-type. (b) Heat map 

showing the relative abundance of the differential OTUs between the nrt1.1b mutant and wild-type ZH11. (c) OTUs enriched in 

NRT1.1B
indica

 or NRT1.1B
japonica

. Each point represents an individual OTU, and the position along the x axis represents the abundance 

fold change between NRT1.1B
indica

 or NRT1.1B
japonica

. (d) Heat map showing the relative abundance of the differential OTUs between 

NRT1.1B
indica

 and NRT1.1B
japonica

. The numbers of replicated samples are as follows: ZH11 (n = 16), nrt1.1b (n = 14), NRT1.1B
indica

 (n = 

15), and NRT1.1B
japonica

 (n = 15). 
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Supplementary Figure 10 

Experimental procedure for isolation and identification of rice root-associated bacteria. 

Step 1–4 illustrate the isolation procedure; Step 5–11 illustrate the identification of cultivated rice root-associated bacteria by the 
improved two-step barcoded system. 
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Supplementary Figure 11 

The scheme for the previous high-throughput barcoding system to determine 16S rRNA gene sequences covering regions V5–V7 of 
bacterial isolates. 

A previously published two-step barcoded pyrosequencing procedure (Bai, Y. et al. Functional overlap of the Arabidopsis leaf and root 
microbiota. Nature 528, 364–369, 2015). Please note that the second step PCR generates chimera sequences that will contain 
mislabeled plate and well barcodes for bacterial identification.  



 

 
 

Supplementary Figure 12 

Plant growth with or without indica-enriched SynCom under inorganic nitrogen conditions.  

(a–c) IR24 (indica) rice plants were grown under different ratios of ammonium and nitrate (0:2, 2:0, and 1:1) with or without indica-
enriched SynCom. After 2-week bacterial inoculation, rice plants were measured by root length (a), plant height (b), and shoot fresh 
weight (c). (d–f) Nipponbare (japonica) rice plants were grown under different ratios of ammonium and nitrate (0:2, 2:0, and 1:1) with or 
without indica-enriched SynCom. After 2-week bacterial inoculation, rice plants were measured by root length (d), plant height (e), and 
shoot fresh weight (f). Different letters indicate significantly different groups (P < 0.05, ANOVA, Tukey-HSD). Boxplots show combined 
data from three independent inoculation experiments with 4–5 technical replicates each (Supplementary Table 13). The horizontal 
bars within boxes represent medians. The tops and bottoms of boxes represent 75th and 25th percentiles, respectively. The upper and 
lower whiskers extend to data no more than 1.5 × the interquartile range from the upper edge and lower edge of the box, respectively. 



 

 

Supplementary Figure 13 

Plant growth with indica- or japonica-enriched SynCom under inorganic nitrogen conditions. 

IR24 rice plants were grown under the inorganic nitrogen condition with and without SynComs, including indica-enriched SynCom, 
japonica-enriched SynCom, and corresponding heat-killed bacteria as controls, respectively (Supplementary Table 13). After 2-week 
bacterial inoculation, rice plants were measured by root length (a), plant height (b), and shoot fresh weight (c). Different letters indicate 
significantly different groups (P < 0.05, ANOVA, Tukey-HSD). Boxplots show combined data from two independent inoculation 
experiments with 4–5 technical replicates each. The horizontal bars within boxes represent medians. The tops and bottoms of boxes 
represent 75th and 25th percentiles, respectively. The upper and lower whiskers extend to data no more than 1.5 × the interquartile 
range from the upper edge and lower edge of the box, respectively. 

 


