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Extended data figure 3.  

RNA-seq results on cassava and R. irregularis. a) Samples sequencing results. Barplot showing the 

number of transcripts that display more than 10 reads in 1) cassava and 2) R. irregularis. b) Boxplots 

displaying number of transcripts that display more than 10 reads in function of 1,2) mycorrhizal 

treatment or 3,4) host. 1,3) data shown for cassava and 2,4) data shown for R. irregularis. c) 

saturation curve of transcript number that display more than 10 counts by the  numbers of reads for 

each sample. Red colour represent DAOM197198 samples, blue colour represent B1 samples and 

gray represent non-mycorrhizal plants. In cassava, the number of different cassava gene transcripts 

sequenced was not affected by the sequencing depth of the samples and did not differ significantly 

among the mycorrhizal treatments but differed among some cassava varieties (Extended Data Figures 

3a-c). However, this did not influence the results as transcripts not common to all varieties were 

removed before analysis and the quantity of different transcripts sequenced per variety did not 

correlate with the pattern observed on the genes influenced by variety (fig 1b,c) (Extended Data 

Figure 3d). In R. irregularis, the read number did not influence the number of transcripts between 

inoculated treatments and there were no significant differences in the number of different transcripts 

among cassava varieties. 

 

a) b)

c)

1)

2)

1) 2)

Extended data !gure 2. RNAseq results on cassava and R. irregularis. a) Samples sequencing results. Barplot showing the number of transcripts that 
display more than 10 reads in 1) cassava and 2) R. irregularis. b) Boxplots displaying number of transcripts that display more than 10 reads in function of 
1,2) mycorrhizal treatment or 3,4) host. 1,3) data shown for cassava and 2,4) data shown for R. irregularis. c) saturation curve of transcript number that 
display more than 10 counts by the  numbers of reads for each sample. Red colour represent DAOM197198 samples, blue colour represent B1 samples 
and gray represent non-mycorrhizal plants. 
In cassava, the number of di"erent cassava gene transcripts sequenced was not a"ected by the sequencing depth of the samples and did not di"er 
signi!cantly among the mycorrhizal treatments but di"ered among some cassava varieties (Extended Data Figures 3a-c). However, this did not 
in#uence the results as transcripts not common to all varieties were removed before analysis and the quantity of di"erent transcripts sequenced per 
variety did not correlate with the pattern observed on the genes in#uenced by variety (!g 1b,c) (Extended Data Figure 3d). 
In R. irregularis, the read number did not in#uence the number of transcripts between inoculated treatments and there were no signi!cant di"erences 
in the number of di"erent transcripts among cassava varieties. 
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Extended Data Figure 4. 

Mapman biotic stress categories log2fold-changes between R. irregularis isolates DAOM197198 and 

B1 for each cassava cultivar.  a) Plant genes. b) fungal genes. Each small square means a gene were 

log2Fold-change  is different between R. irregularis isolates DAOM197198 and B1. Red colours 

represent isolate DAOM197198  had lower foldchange compared to isolate B1. Blue colours represent 

that isolata DAOM197198 had higher foldchange comapared to isolate B1. 
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Extended data figure 5. 

a) Clustering of cassava genes into co-expressed modules (Coloured bars). b) Clustering of R. 

irregularis genes into co-expressed modules (Coloured bars).  c) Correlation between cassava 

modules (rows) and R. irregularis modules (columns). for each module-module correlation is reported 

the correlation coeficient and its p-value. Highly positive correlations are shown in dark blues, as 

opposite, highly negative correlations are shown in dark green. A threshold cutoff was set at a p-value 

= 0.001, representing the probability which can be found by chance 0.18 correlated modules in 180 

comparisons. 
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Extended data figure 5. a) Clustering of cassava genes into co-expressed modules (Coloured bars). b) Clustering of R. irregularis genes into 
co-expressed modules (Coloured bars).  c) Correlation between cassava modules (rows) and R. irregularis modules (columns). for each mo-
dule-module correlation is reported the correlation coeficient and its p-value. Highly positive correlations are shown in dark blues, as opposite, 
highly negative correlations are shown in dark green. A threshold cutoff was set at a p-value = 0.001, representing the probability which can be 
found by chance 0.18 correlated modules in 180 comparisons.
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Extended data figure 6.  

Random modules composition and network. a) Significant GO terms with more than 3 genes per GO 

term for random AMF and cassava modules, AMF correlated modules and cassava correlated 

modules. b) Correlation of random AMF and random cassava modules. Note that no correlations with 

p-value threshold of 0.001 are found between random AMF modules and random cassava modules. c) 

Network based on random AMF modules and random cassava modules.   
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Extended data figure 7. Random modules composition and network. a) Significant GO terms with more than 3 genes per GO term for random AMF and 

RANDOM Module YUCA− RANDOM module AMF relationships
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Extended data figure 7.  

Correlation of cassava and R. irregularis modules to phenotype   a) Correlation of cassava modules 

and plant phenotypic measurements. b) Correlation of R. irregularis modules and plant phenotypic 

measurments. Note that a p-value threshold cutoff of 0.001 was used as estimated to be the threshold 

were 0.18 correlations by chance can occur between pairwise comparison between cassava and R. 

irregularis modules. c) Plots of most representative and correlated genes to the fungal colonization of 

the R. irregularis module royalblue.   
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Supplementary Table 1.  

Sequencing information. 42 samples were sequenced. These samples were splited in 5 Cassava 

cultivars, 2 R. irregularis isolates and a non-mycorrhizal control. We count the number of reads for 

each sample, the numbers of reads used by kallisto that were used for the gene-count tables and the 

number of transcripts that possess more than 10 reads. Cassava data set: Total reads observed after 

quality filters and trimming. R. irregularis data set: Reads that were not mapped to Cassava reference 

genome (Unmapped)  

	 	 	 	 	
Cassava	 		 		

R.	
irregularis	 		 		

Samples	
File	
header	

Vari
ety	 Cultivar	

Treat
ment	 Total	reads	

Pseudoalig
ned	
Cassava	

Transcri
pt	>	10	
counts	
Cassava
(tpm10_
C)		

Unmappe
d	reads	

Pseudoa
ligned	
AMF	

Transcri
pt	>	10	
counts	
AMF(tp
m10_A)		

V1_DAOM_1	 V1-1	 V1	
V1_CM6438
-14	

DAO
M197
198	 40731000	 32962696	 10569	 4333044	 1794067	 6558	

V1_B1_3	 V1-10	 V1	
V1_CM6438
-14	 B1	 36745361	 27105372	 10170	 6281081	 3042201	 6999	

V1_B1_1	 V1-2	 V1	
V1_CM6438
-14	 B1	 33998994	 26400896	 11823	 5269097	 2858970	 7052	

V1_DAOM_2	 V1-5	 V1	
V1_CM6438
-14	

DAO
M197
198	 38772851	 31068405	 10157	 4499642	 1902265	 6352	

V1_B1_2	 V1-6	 V1	
V1_CM6438
-14	 B1	 36968177	 27549708	 10648	 6905467	 3655658	 7014	

V1_DAOM_3	 V1-9	 V1	
V1_CM6438
-14	

DAO
M197
198	 33622400	 25364565	 10310	 4875538	 2381836	 6999	

V4_B1_1	 V4-10	 V4	
V4_COL221
5	 B1	 28089092	 15615196	 13361	 10267084	 6591099	 8188	

V4_CTRL_1	 V4-12	 V4	
V4_COL221
5	 CTRL	 40861511	 32580983	 13001	 5013584	 12462	 2925	

V4_DAOM_2	 V4-13b	 V4	
V4_COL221
5	

DAO
M197
198	 57781123	 41427389	 13316	 11676572	 4674175	 7702	

V4_B1_2	 V4-14b	 V4	
V4_COL221
5	 B1	 57325234	 38694763	 13564	 14423564	 7764493	 7852	

V4_DAOM_3	 V4-17	 V4	
V4_COL221
5	

DAO
M197
198	 40181990	 30261582	 12832	 6984404	 3933950	 6962	

V4_B1_3	 V4-18	 V4	
V4_COL221
5	 B1	 39162831	 25097740	 13574	 10536793	 5890155	 8195	

V4_CTRL_2	 V4-20	 V4	
V4_COL221
5	 CTRL	 45681856	 37104641	 12713	 4098123	 11450	 1939	

V4_DAOM_1	 V4-9	 V4	
V4_COL221
5	

DAO
M197
198	 50745655	 34187835	 13192	 12508099	 6277627	 7960	

V5_DAOM_1	 V5-1	 V5	 V5_BRA337	

DAO
M197
198	 44115391	 36178369	 13056	 4171694	 1293199	 6564	

V5_B1_2	 V5-10	 V5	 V5_BRA337	 B1	 33952560	 27516018	 12297	 4653392	 1389347	 7145	

V5_CTRL_1	 V5-12	 V5	 V5_BRA337	 CTRL	 35942843	 30476187	 13429	 3516782	 6623	 279	

V5_B1_3	 V5-14	 V5	 V5_BRA337	 B1	 26710438	 20195593	 13000	 5914378	 2250463	 6809	

V5_CTRL_2	 V5-16	 V5	 V5_BRA337	 CTRL	 22453636	 18268306	 12265	 2289017	 7956	 620	
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V5_DAOM_3	 V5-17	 V5	 V5_BRA337	

DAO
M197
198	 35031403	 29688754	 9838	 2761972	 963263	 6974	

V5_B1_1	 V5-2	 V5	 V5_BRA337	 B1	 41558031	 34440766	 11211	 4364114	 1076913	 6313	

V5_CTRL_3	 V5-20	 V5	 V5_BRA337	 CTRL	 34800268	 30716691	 9935	 1839737	 7668	 427	

V6_B1_2	 V6-10	 V6	
V6_CM4574
-7	 B1	 38534288	 22415261	 12024	 12470868	 6222596	 7792	

V6_CTRL_2	 V6-12	 V6	
V6_CM4574
-7	 CTRL	 55386954	 43708357	 13042	 5861506	 11683	 1201	

V6_DAOM_3	 V6-13	 V6	
V6_CM4574
-7	

DAO
M197
198	 38279561	 29928531	 10396	 3343502	 900292	 7269	

V6_B1_3	 V6-14	 V6	
V6_CM4574
-7	 B1	 42493661	 30118763	 12519	 8470462	 4828626	 7228	

V6_CTRL_3	 V6-16	 V6	
V6_CM4574
-7	 CTRL	 39367818	 31438475	 9285	 2724939	 11798	 555	

V6_DAOM_1	 V6-5	 V6	
V6_CM4574
-7	

DAO
M197
198	 35815968	 22081502	 12703	 9835933	 5198774	 8220	

V6_B1_1	 V6-6	 V6	
V6_CM4574
-7	 B1	 30553935	 14586040	 10755	 11537375	 5641474	 7771	

V6_CTRL_1	 V6-8	 V6	
V6_CM4574
-7	 CTRL	 33392016	 24559806	 11817	 3573643	 10679	 778	

V6_DAOM_2	 V6-9	 V6	
V6_CM4574
-7	

DAO
M197
198	 29904809	 16661891	 11149	 9141363	 5035687	 7434	

V8_DAOM_2	 V8-13	 V8	
V8_CM523-
7	

DAO
M197
198	 36304871	 30724871	 10799	 3623444	 1245597	 5233	

V8_B1_2	 V8-14	 V8	
V8_CM523-
7	 B1	 34238143	 27413040	 12426	 5036100	 2033931	 6637	

V8_CTRL_1	 V8-16	 V8	
V8_CM523-
7	 CTRL	 33619848	 28607364	 10303	 2422028	 9155	 1320	

V8_DAOM_3	 V8-17	 V8	
V8_CM523-
7	

DAO
M197
198	 43509886	 34930496	 10683	 6039367	 3334054	 6592	

V8_B1_3	 V8-18	 V8	
V8_CM523-
7	 B1	 30375350	 26055792	 13118	 3042973	 421247	 6265	

V8_CTRL_2	 V8-20	 V8	
V8_CM523-
7	 CTRL	 37441996	 31000138	 11525	 2573894	 7798	 462	

V8_DAOM_1	 V8-5	 V8	
V8_CM523-
7	

DAO
M197
198	 35304373	 28862016	 10702	 4673452	 2251504	 6166	

V5_DAOM_2	 m2V513	 V5	 V5_BRA337	

DAO
M197
198	 61894858	 45311336	 12220	 12672110	 6480817	 7038	

V1_CTRL_1	 V1-16	 V1	
V1_CM6438
-14	 CTRL	 27490866	 22127297	 9254	 1917370	 7685	 710	

V1_CTRL_2	 V1-20	 V1	
V1_CM6438
-14	 CTRL	 25730307	 20452924	 7685	 1854857	 8974	 923	

V8_B1_1	 V8-10	 V8	
V8_CM523-
7	 B1	 43250047	 26682043	 12381	 13132993	 7957189	 7787	
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Supplementary Table 2. 

 Fungal colonization and plant phenotypic response to isolates DAOM197198, B1 and the mock 

control. For each phenotypic measurement the analysis of variance is reported. a) fungal colonization 

on cassava roots. b) Total dry weight. c) Aboveground dry weight. d) tuberized roots dry weight. e) 

Belowground dry weight. f) Height of plants. 

 

a)	 Colonization	5	VAR	
	 	 	 	

	
Without	non-mycorrhizal	plants	

	 	 	

	
X	~AMF	*	PLANT	CULTIVAR	

	 	 	

	
GLM(binomial-logit)	

	 	 	 	

	 	 	 	 	 	 	

	 	
Df	 Deviance	

Residual	
Df	

Residual	
Deviance	 Pr(>Chi)	

	
NULL	 51	 213	

	 	 	

	
AMF	 4	 17.5	 47	 196	

1.50E-
03	

	
CULTIVAR	 1	 0.16	 46	 196	 0.6927	

	
AMF:CULTIVAR	 4	 7.26	 42	 188	 0.123	

	 	 	 	 	 	 	
b)	 TOTAL	DRY	WEIGHT	5	VAR	

	 	 	

	
X	~AMF	*	PLANT	CULTIVAR	+	(1	|	Block)	

	 	

	
Mixed-linear	model	(binomial-logit)	

	 	 	

	 	
numDF	 denDF	 F-value	 p-value	

	

	
(Intercept)	 1	 182	 825	 <.0001	 ***	

	
AMF	 2	 182	 3	 0.073	 .	

	
CULTIVAR	 4	 182	 33	 <.0001	 ***	

	
AMF:CULTIVAR	 8	 182	 1	 0.179	

	

	 	 	 	 	 	 	
c)	 Aboveground	dry	weight	5	VAR	

	 	 	

	
X	~AMF	*	PLANT	CULTIVAR	+	(1	|	Block)	

	 	

	
Mixed-linear	model	(binomial-logit)	

	 	 	

	 	
numDF	 denDF	 F-value	 p-value	

	

	
(Intercept)	 1	 182	 1970	 <.0001	 ***	

	
AMF	 2	 182	 6	 0.003	 **	

	
CULTIVAR	 4	 182	 21	 <.0001	 ***	

	
AMF:CULTIVAR	 8	 182	 1	 0.165	

	

 

d)	 Tuberized	roots	dry	weight	5	VAR	
	 	 	

	
X	~AMF	*	PLANT	CULTIVAR	+	(1	|	Block)	

	 	

	
Mixed-linear	model	(binomial-logit)	

	 	 	

	 	
numDF	 denDF	 F-value	 p-value	
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(Intercept)	 1	 182	 500	 <.0001	 ***	

	
AMF	 2	 182	 1	 0.39	

	

	
CULTIVAR	 4	 182	 48	 <.0001	 ***	

	
AMF:CULTIVAR	 8	 182	 1	 0.25	

	

	 	 	 	 	 	 	
e)	 Belowground	dry	weight	5	VAR	

	 	 	

	
X	~AMF	*	PLANT	CULTIVAR	+	(1	|	Block)	

	 	

	
Mixed-linear	model	(binomial-logit)	

	 	 	

	 	
numDF	 denDF	 F-value	 p-value	 ***	

	
(Intercept)	 1	 182	 588	 <.0001	

	

	
AMF	 2	 182	 1	 0.29	 ***	

	
CULTIVAR	 4	 182	 45	 <.0001	

	

	
AMF:CULTIVAR	 8	 182	 1	 0.26	

	

	 	 	 	 	 	 	
f)	 Height	5	VAR	

	 	 	 	 	

	
X	~AMF	*	PLANT	CULTIVAR	+	(1	|	Block)	

	 	

	
Mixed-linear	model	(binomial-logit)	

	 	 	

	 	
numDF	 denDF	 F-value	 p-value	

	

	
(Intercept)	 1	 182	 10037	 <.0001	 ***	

	
AMF	 2	 182	 5	 0.011	 *	

	
CULTIVAR	 4	 182	 162	 <.0001	 ***	

	
AMF:CULTIVAR	 8	 182	 1	 0.821	
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Annexe IV. Role of host intra-species variability on 

coexistence and effect on cassava (Manihot esculenta 

Crantz) of two isolates of Rhizophagus irregularis 

revealed by RNA-seq 
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Supplementary Figure 1.  

Phenotypic measurements of the different cassava cultivars. We used 14 replicates for each 

phenotypic measurement.a) Aboveground dry weight of plants per mycorrhizal treatment and cultivar. 

b) Fine roots dry weight of plants per mycorrhizal treatment and cultivar. c) Tuberized roots dry weight 

of plants per mycorrhizal treatment and cultivar. e) Belowground dry weight of plants per mycorrhizal 

treatment and cultivar. f) Plants height per mycorrhizal treatment and cultivar. 
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Figure 1. Phenotypic measurements of the different cassava cultivars. We used 14 replicates for each phenotypic measurement.
a) Aboveground dry weight of plants per mycorrhizal treatment and cultivar. b) Fine roots dry weight of plants per mycorrhizal 
treatment and cultivar. c) Tuberized roots dry weight of plants per mycorrhizal treatment and cultivar. e) Belowground dry 
weight of plants per mycorrhizal treatment and cultivar. f ) Plants height per mycorrhizal treatment and cultivar.
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Supplementary Figure 2.  

Venn diagram of the cassava genes that were significantly different between the mycorrhizal 

treatments and the non-mycorrhizal treatment. a) Cultivar COL2215, b) Cultivar BRA337 and c) 

cultivar CM4574-7. DAOM refers to isolate DAOM197198, B1 refers to isolate B1 and DAOMB1 refers 

to the co-inoculation treatment. 

 

 

Supplementary Figure 3.  

Venn diagram of the R. irregularis genes that were significantly different between the single-

inoculations treatments and the co-inoculation treatment. a) Cultivar COL2215, b) Cultivar BRA337 

and c) cultivar CM4574-7. DAOM refers to isolateDAOM197198 and B1 refers to isolate B1. 
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Supplementary Figure 2. Venn diagram of the cassava genes that were significantly 
different between the mycorrhizal treatments and the non-mycorrhizal treatment.
 a) Cultivar COL2215, b) Cultivar BRA337 and c) cultivar CM4574-7. DAOM refers to isolate
DAOM197198, B1 refers to isolate B1 and DAOMB1 refers to the co-inoculation treatment.
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Supplementary Figure 3. Venn diagram of the R. irregularis genes that were significantly 
different between the single-inoculations treatments and the co-inoculation treatment.
 a) Cultivar COL2215, b) Cultivar BRA337 and c) cultivar CM4574-7. DAOM refers to isolate
DAOM197198 and B1 refers to isolate B1.
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Supplementary Figure 4.  

Influence on the reference alignment on the absence of expression on the different isolates. a,c,d) Plot 

of the gene-expression of the different mycorrhizal treatments on cultivar BRA337. b) alignement of 

the correspondant sequences of the hypothetical protein. DAOM refers to isolate DAOM197198, B1 

refers to isolate B1 & DAOMB1 refers to the co-inoculation treatments. 
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Supplementary Figure 4. Influence on the reference alignment on the absence of expression on the 
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 isolate DAOM197198, B1 refers to isolate B1 & DAOMB1 refers to the co-inoculation treatments. 

a) b)

c) d)


