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[bookmark: _Toc51621458][bookmark: _Toc41211942]Evolution of C4 photosynthesis genes in M. lutarioriparius.
[bookmark: _Toc41213629][bookmark: _Toc41213665][bookmark: _Toc51621459]Carbonic anhydrase (CA) genes
Ten Carbonic anhydrase (CA) genes were identified in M. lutarioriparius genome (Supplementary Fig. 1 and 2, Supplementary Table 1), among which, eight CA genes were located in two tandem duplication blocks (Supplementary Fig. 1a, b). Based on sequence similarity and gene structure, Ml05G027550/Ml06G028470 was inferred to be derived from the fusion of two neighboring CA genes, which probably occurred before the recent whole genome duplication event (WGD) (Supplementary Fig. 1c and 3). To rule out the possibility that two neighboring CA genes were incorrectly annotated as one fused CA gene by gene prediction, transcriptome data of leaf sample was used to verify the gene fusion event. Transcriptome reads from leaf samples support the gene fusion event happened in CA gene family of M. lutarioriparius (Supplementary Fig. 4).  While Ml04G024880 seem to be truncated compared with the homolog Ml03G027080 (Supplementary Fig. 2c, d). Tandem duplication plays a critical role in the evolution of CA enzyme genes in M. lutarioriparius. Based on the phylogeny and genomic information (Supplementary Fig. 1 and 5), the CA enzyme genes in M. lutarioriparius were inferred to undergo four-time single gene duplication events, one-time gene fusion event and the recent WGD, which made 10 copies after it split with sorghum (Supplementary Fig. 6). An exon segmentation of Ml05G027520 was probably occurred after the recent WGD (Supplementary Fig. 1c and 3). Transcriptome analysis showed that the four CA enzyme genes colinear with the sorghum C4 isoform CA genes had specific high expression in leaves, supporting these four gene probably be C4 isoform CA enzyme genes in M. lutarioriparius (Supplementary Fig. 7). Codon usages bias analysis showed that the four possible C4 isoform CA genes had high GC3s (84.6% ~ 86.2%) and low ENC (Effective number of codons), similar to that of sorghum C4 isoform CA genes (82.6% and 86.4%) (Supplementary Fig. 7). 










Supplementary Table 1. CA enzyme genes information
	CA enzyme gene
	GL (bp)
	CDSL (bp)
	Exon num.
	Sb collinear gene
	GL (bp)
	CDSL (bp)
	Os collinear gene

	Ml03G027080
	4,969
	1,446
	10
	Sobic.002G230100
	4,823
	1,014
	LOC_Os09g28910

	Ml04G024880
	3,071
	702
	7
	Sobic.002G230100
	4,823
	1,014
	LOC_Os09g28910

	Ml05G027550
	7,553
	1,338
	13
	Sobic.003G234200
	10,440
	1,371
	LOC_Os01g45274

	Ml06G028470
	6,672
	1,338
	13
	Sobic.003G234200
	10,440
	1,371
	LOC_Os01g45274

	Ml05G027540
	4,859
	609
	7
	Sobic.003G234400
	4,749
	615
	LOC_Os01g45274

	Ml06G028460
	4,459
	702
	7
	Sobic.003G234400
	4,749
	615
	LOC_Os01g45274

	Ml05G027530
	2,207
	609
	6
	Sobic.003G234500
	2,986
	609
	LOC_Os01g45274

	Ml06G028450
	2,259
	609
	6
	Sobic.003G234500
	2,986
	609
	LOC_Os01g45274

	Ml05G027520
	3,252
	747
	8
	Sobic.003G234600
	4,750
	771
	LOC_Os01g45274

	Ml06G028440
	3,719
	753
	7
	Sobic.003G234600
	4,750
	771
	LOC_Os01g45274


CDSL: coding sequence length. GL: gene length. Sb: Sorghum bicolor. Os: Oryza sativa. Bold characters represent putative C4 isoform genes.
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[bookmark: _Toc41072806]Supplementary Fig. 1 CA enzyme genes of M. lutarioripairus were located in two tandem duplication blocks
(a) Gene synteny of CA enzyme genes among M. lutarioriparius (chromosome 5), sorghum and rice. (b) Gene synteny of CA enzyme genes among M. lutarioriparius (chromosome 6), sorghum and rice. (c) Gene structure diagram of M. lutarioriparius CA enzyme genes located in chromosome 5 and 6. Colored squares and black lines were used to indicate the exons and introns, respectively. Same color indicates the sequence with high similarity. Based on gene structure and sequence identity, Ml05G027550 is likely to be derived from the fusion of two neighboring genes.
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[bookmark: _Toc41072807]Supplementary Fig. 2 Identification of M. lutarioriparius CA enzyme genes Ml03G027080 and Ml04G024880
a. M. lutarioriparius CA enzyme gene Ml03G027080 is syntenic with sorghum Sobic.002G230100. b. M. lutarioriparius CA enzyme gene Ml04G024880 is syntenic with sorghum Sobic.002G230100. c. Gene structure of CA enzyme genes Ml03G027080 and Ml04G024880. The green boxes and black lines represent exons and introns, respectively. d. Comparison of coding sequence between Ml03G027080 and Ml04G024880.
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[bookmark: _Toc41072808]Supplementary Fig. 3 Dotplots of M. lutarioriparius CA enzyme genes (CDS)
a. Dotplots of M. lutarioriparius CA enzyme genes that located in chromosome 5, the left panel displays the overall sequence similarity between two comparing sequences, the right panel shows the SNPs with red dot between two sequences; b. Dotplots of M. lutarioriparius CA enzyme genes that located in chromosome 6.
[bookmark: OLE_LINK233][bookmark: OLE_LINK234][image: ]
Supplementary Fig. 4 The visualization of RNA-Seq reads alignment to two CA genes (Ml05G027750 and Ml06G028470)
(a) The RNA-Seq reads alignment of leaf sample on Ml05G027750. The first track showed the gene structure diagram. The Blue-colored boxes and lines were used to represent exons and introns, respectively. The second track showed the leaf RNA-Seq reads coverage on gene Ml05G027750. The third track showed the splice-junctions of leaf RNA-Seq reads that mapped to gene Ml05G027750. The fourth track showed the squished alignments of leaf RNA-Seq reads on gene Ml05G027750. The grey-colored boxes were used to indicate the RNA-Seq short reads and the light blue lines represented the splice-junctions of RNA-Seq short reads. (b) The RNA-Seq reads alignment of leaf sample on Ml06G028470.
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[bookmark: _Toc41072809]Supplementary Fig. 5 Neighbor-joining tree of M. lutarioriparius CA enzyme genes (CDS) and Sorghum CA enzyme genes (CDS) reconstructed using MEGA X software with 1,000 replicates of bootstrap test.
Numbers at nodes indicate the percentage bootstrap scores from 1,000 replicates. 
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[bookmark: _Toc41072810]Supplementary Fig. 6 Inferred duplication evolutional model of CA enzyme genes
The CA enzyme genes in M. lutarioriparius underwent four-time gene duplication and one gene fusion event. Four-time gene duplication events of CA enzyme genes were indicated using the number in black circles. The gene fusion event was indicated using the number in the white circle. The colored blocks were used to represent the exons of CA enzyme genes. Same color indicates high sequence similarity. Since we were not sure which chromosome is the original one, so we put forward two putative duplication models of CA enzyme genes in M. lutarioriparius. Exon segmentation of Ml05G027520 gene was indicated using a lightning symbol. 
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[bookmark: _Toc41072811]Supplementary Fig. 7 Expression profile of M. lutarioriparius CA enzyme gene among different tissue samples and GC, GC3s and ENC of M. lutarioriparius CA enzyme genes.
Different color gradients represent the libraries normalized read count of each CA enzyme genes; GC3s: GC of silent 3rd codon position; ENC: The effective number of codons.

[bookmark: _Toc41213630][bookmark: _Toc41213666][bookmark: _Toc51621460]Phosphoenolpyruvate carboxylase (PEPC) genes
[bookmark: OLE_LINK154][bookmark: OLE_LINK155]Twelve phosphoenolpyruvate carboxylase (PEPC) genes were identified in M. lutarioriparius genome, which is larger than that of sorghum (6) (Supplementary Table 2). Besides the gene family expansion resulting from the recent WGD, the segmental duplication event occurred after the WGD further expanded the PEPC gene family in M. lutarioriparius (Supplementary Fig. 8). Phylogenetic analysis suggested all M. lutarioriparius PEPC genes could be divided into six distinct groups, which is in consistent with previous study (Sánchez and Cejudo, 2003). In M. lutarioriparius, two PEPC genes were predicted to encode bacteria-type enzymes and ten to encode plant-type enzymes (Supplementary Fig. 9). Transcriptome data showed that the two bacteria-type PEPC genes has no expression in the leaf and very low expression in other samples. While Ml18G021080 and Ml19G017470 have specific high expression in the leaf and seedling (Supplementary Fig. 10). In additional, Ml18G021080 and Ml19G017470 both are collinear with sorghum C4 isoform PEPC gene Sobic.010G160700. Condon usage analysis revealed that Ml18G021080 and Ml19G017470 has relatively higher GC3s (81.3% and 82.4%) among all PEPC genes, which is similar to that of sorghum C4 isoform PEPC. Combined with the above information, we inferred that Ml18G021080 and Ml19G017470 were the functional C4 isoform PEPC genes in M. lutarioriparius.

Supplementary Table 2 Information of PEPC enzyme gene in M. lutarioriparius
	PEPC gene
	GL (bp)
	CDSL (bp)
	Exon num.
	Sb collinear gene
	GL (bp)
	CDSL (bp)
	Os collinear gene

	Ml03G036190
	5,069
	2,736
	11
	Sobic.002G167000
	5,632
	2,904
	

	Ml03G036470
	5,072
	2,889
	11
	Sobic.002G167000
	5,632
	2,904
	

	Ml04G033070
	5,063
	2,904
	10
	Sobic.002G167000
	5,632
	2,904
	LOC_Os09g14670

	Ml05G045380
	8,760
	2,946
	18
	Sobic.003G100600
	8,881
	3,117
	LOC_Os01g02050

	Ml06G045340
	7,433
	2,817
	18
	Sobic.003G100600
	8,881
	3,117
	LOC_Os01g02050

	Ml05G019370
	11,863
	2,901
	10
	Sobic.003G301800
	7,610
	2,901
	LOC_Os01g55350

	Ml06G020130
	6,194
	2,901
	9
	Sobic.003G301800
	7,610
	2,901
	LOC_Os01g55350

	Ml07G063910
	6,706
	2,883
	10
	Sobic.004G106900
	6,977
	2,883
	LOC_Os02g14770

	Ml08G032820
	6,719
	2,883
	10
	Sobic.004G106900
	6,977
	2,883
	LOC_Os02g14770

	Ml07G030120
	4,927
	2,874
	10
	Sobic.007G106500
	5,616
	2,895
	LOC_Os08g27840

	Ml18G021080
	7,426
	2,889
	10
	Sobic.010G160700
	6,647
	3,087
	LOC_Os01g11054

	Ml19G017470
	7,673
	2,886
	10
	Sobic.010G160700
	6,647
	3,087
	LOC_Os01g11054


[bookmark: _Hlk51442749]CDSL: coding sequence length. GL: gene length. Sb: Sorghum bicolor. Os: Oryza sativa. Bold characters represent putative C4 isoform genes.
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[bookmark: _Toc41072812]Supplementary Fig. 8 Gene synteny of M. lutarioriparius, sorghum and rice PEPC genes.
Gene duplication of PEPC gene in M. lutarioirparius related to sorghum.
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[bookmark: _Toc41072813]Supplementary Fig. 9 Maximum likelihood tree of M. lutarioriparius, sorghum and rice PEPC gene reconstructed using IQ-TREE software
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[bookmark: _Toc41072814]Supplementary Fig. 10 The heatmap of transcriptional expression of M. lutarioriparius PEPC genes among nine transcriptome samples and GC、GC3s and ENC of M. lutarioriparius PEPC genes

[bookmark: _Toc41213631][bookmark: _Toc41213667][bookmark: _Toc51621461]Phosphoenolpyruvate carboxylase kinase (PPCK)
The PPCK is responsible for the phosphorylation of leaf PEPC during C4 photosynthesis (Aldous et al., 2014). There were six phosphoenolpyruvate carboxylase kinase (PPCK) enzyme genes identified in M. lutarioriparius (Supplementary Table 3). One tandem duplication of PPCK genes occurred after the recent WGD further expanded the PPCK gene family in M. lutarioriparius (Supplementary Fig 11a). The PPCK genes of M. lutarioriparius, rice and sorghum all have high GC3s (>91%) (Supplementary Fig. 11b). Transcriptome analysis suggested the putative C4 isoform PPCK genes Ml07G003010 and Ml08G002780 had specific high expression in leaf compared with other samples (Supplementary Fig. 11b). Phylogenetic analysis indicated the differentiation of C4 and non-C4 isoform PPCK probably occurred before species divergence among grass (Supplementary Fig. 11c). PPCK gene family probably suffer the purify selection due to the important function in C4 photosynthesis (Supplementary Fig. 11d).

Supplementary Table 3 Information of M. lutarioriparius PPCK genes
	PPCK
	GL (bp)
	CDSL (bp)
	Exon num.
	Sb collinear gene
	GL (bp)
	CDSL (bp)
	Os collinear gene

	Ml07G003010
	978
	861
	2
	Sobic.004G338000
	1,749
	855
	LOC_Os02g56310

	Ml07G017660
	1,012
	915
	2
	Sobic.004G219900
	1,612
	924
	LOC_Os02g41580

	Ml07G017690
	1,011
	900
	2
	Sobic.004G219900
	1,612
	924
	LOC_Os02g41580

	Ml08G017580
	1,028
	915
	2
	Sobic.004G219900
	1,612
	924
	LOC_Os02g41580

	Ml08G002780
	1,001
	861
	2
	Sobic.004G338000
	1,749
	855
	LOC_Os02g56310

	Ml12G018490
	1,080
	912
	2
	Sobic.006G148300
	1,997
	900
	LOC_Os04g43710


CDSL: coding sequence length. GL: gene length. Sb: Sorghum bicolor. Os: Oryza sativa. Bold characters represent putative C4 isoform genes.
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[bookmark: _Toc41072815]Supplementary Fig. 11 PPCK genes of M. lutarioriparius
(a) The gene synteny of PPCK genes among M. lutarioriparius, sorghum and rice. The gene symbols with black represent PPCK genes. (b) The expression heatmap of M. lutarioriparius PPCK genes among nine transcriptome samples, with information of GC, GC3s and ENC. (c) Molecular phylogenetic tree and genetic structure diagram of PPCK genes of M. lutarioriparius and sorghum. The green boxes and black lines represent exons and introns, respectively. (d) Boxplot of Ka/Ks of M. lutarioriparius PPCK genes. 

[bookmark: _Toc41213632][bookmark: _Toc41213668][bookmark: _Toc51621462]Pyruvate phosphate dikinase (PPDK) genes
[bookmark: OLE_LINK134][bookmark: OLE_LINK135]	Three genes coding Pyruvate phosphate dikinase (PPDK) were identified in M. lutarioriparius genome (Supplementary Table 4). Ml16G016970 and Ml17G017350 both are collinear with the sorghum C4 isoform PPDK gene Sobic.009G132900 (Paterson et al., 2009). And phylogenetic analysis revealed that putative C4 isoform PPDK genes of M. lutarioriparius and sorghum were grouped in the same cluster (Supplementary Fig. 12a). Two C4 isoform M. lutarioriparius PPDK genes both show specific high expression in leaf and seedling compared to other samples (Supplementary Fig. 12b).






Supplementary Table 4 Information of M. lutarioriparius PPDK genes
	PPDK
	GL (bp)
	CDSL (bp)
	Exon num.
	Sb collinear gene
	GL (bp)
	CDSL (bp)
	Os colinear gene

	Ml01G029760
	7,855
	2,703
	18
	Sobic.001G326900
	8,494
	2,730
	LOC_Os03g31750

	Ml16G016970
	6,354
	2,649
	17
	Sobic.009G132900
	12,748
	2,847
	LOC_Os05g33570

	Ml17G017350
	13,017
	2,844
	18
	Sobic.009G132900
	12,748
	2,847
	LOC_Os05g33570


CDSL: coding sequence length. GL: gene length. Sb: Sorghum bicolor. Os: Oryza sativa. Bold characters represent putative C4 isoform genes.
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Supplementary Fig. 12 PPDK genes of M. lutarioriparius
(a) Molecular phylogenetic tree and genetic structure diagram of PPDK genes of M. lutarioriparius and sorghum. The green boxes and black lines represent exons and introns respectively. (b) The expression heatmap of M. lutarioriparius PPDK genes among nine transcriptome samples. (c) Distribution of Ka/Ks and Ks for M. lutarioriparius PPCK genes.

[bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: _Toc41213633][bookmark: _Toc41213669][bookmark: _Toc51621463]Pyruvate phosphate dikinase regulatory protein (PPDK-RP) genes
[bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: OLE_LINK148][bookmark: OLE_LINK149]	Totally six PPDK-RP genes were identified in M. lutarioriparius, among which, four were tandem duplicates (Supplementary Table 5). Based on the collinearity with sorghum C4 PPDK-RP gene, three putative C4 isoform PPDK-RP genes of M. lutarioriparius were characterized. Transcriptome analysis revealed these three putative C4 isoform PPDK-RP genes highly expressed in leaf sample compared to other samples (Supplementary Fig. 13e). Based on the collinearity relationship of M. lutarioriparius, sorghum and rice, the tandem duplications of PPDK-RP genes were inferred to be occurred before the species divergence between M. lutarioriparius and sorghum (Supplementary Fig. 13a). Combing phylogenetic analysis, gene structure and sequence similarity (Supplementary Fig. 13a, b, c, d), PPDK-RP genes in M. lutarioriparius were inferred to undergo two-time gene duplications and one-time gene fission event (Supplementary Fig. 13f). Function domain annotation indicated that Ml03G014630 and Ml03G014650 both had partial kinase-PPPase domain (Supplementary Fig. 14). 

Supplementary Table 5 Information of M. lutarioriparius PPDK-RP genes
	PPDK-RP
	GL (bp)
	CDSL (bp)
	Exon num.
	Sorghum ortholog
	GL (bp)
	CDSL (bp)
	Rice ortholog

	Ml02_0785_00001
	10,365
	888
	3
	Sobic.002G324400
	2,507
	1,290
	LOC_Os07g34640

	Ml02_0785_00003
	2,251
	1,287
	3
	Sobic.002G324700
	4,662
	1,587
	LOC_Os07g34640

	Ml03G014610
	2,611
	1,242
	3
	Sobic.002G324700
	4,662
	1,587
	LOC_Os07g34640

	Ml03G014620
	2,407
	1,254
	3
	Sobic.002G324500
	3,072
	1,260
	LOC_Os07g34640

	Ml03G014630
	740
	657
	2
	Sobic.002G324400
	2,507
	1,290
	LOC_Os07g34640

	Ml03G014650
	533
	534
	1
	Sobic.002G324400
	2,507
	1,290
	LOC_Os07g34640


CDSL: coding sequence length. GL: gene length. Bold characters represent putative C4 isoform genes.
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Supplementary Fig. 13 PPDK-RP genes of M. lutarioriparius
(a) Tandem duplications of M. lutarioriparius PPDK-RP genes. The gene in black box isn’t a PPDK-RP gene. (b) Phylogenetic tree of M. lutarioriparius and sorghum PPDK-RP genes were reconstructed using Maximum likelihood (ML) approach. Numbers at nodes indicate the percentage bootstrap scores from 1,000 replicates. 
 (c) The Gene structure diagram of M. lutarioriparius and sorghum PPDK-RP genes. The green boxes and black lines represent exons and introns, respectively. (d) The sequence comparisons of M. lutrarioriparius PPDK-RP genes. (e) The expression heatmap of PPDK-RP genes among nine transcriptome samples. (f) Inferred duplication model of M. lutarioriparius PPDK-RP genes.
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Supplementary Fig. 14 Functional domain annotation of M. lutarioriparius PPDK-RP genes

[bookmark: OLE_LINK138][bookmark: OLE_LINK139][bookmark: _Toc41213634][bookmark: _Toc41213670][bookmark: _Toc51621464]NADP-Malic enzyme (ME) genes
We identified 13 NADP-ME genes in M. lutarioriparius (Supplementary Table 6 and Supplementary Fig. 15e). The duplications of M. lutarioriparius NADP-ME occurred before and after it split with sorghum together leaded to the expansion of size of NADP-ME gene family in M. lutarioriparius (Supplementary Fig. 15a, b and c). Transcriptome data showed that the putative C4 isoform NADP-ME genes in M. lutarioriparius had specific high expression in leaf compared to other samples (Supplementary Fig. 15d). 














Supplementary Table 6 The information of M. lutarioriparius NADP-ME genes
	NADP-ME
	GL (bp)
	CDSL (bp)
	Exon number
	Sorghum collinear gene
	GL (bp)
	CDSL (bp)

	Ml05G053850
	8365
	1950
	20
	Sobic.003G036000
	6107
	2124

	Ml06G054130
	15675
	1929
	20
	Sobic.003G036000
	6107
	2124

	Ml05G053440
	6412
	1908
	20
	Sobic.003G036200
	5447
	1911

	Ml06G054090
	13947
	1686
	18
	Sobic.003G036200
	5447
	1911

	Ml05G021950
	2541
	1698
	18
	Sobic.003G280900
	5691
	1782

	Ml06G022510
	12122
	1782
	19
	Sobic.003G280900
	5691
	1782

	Ml05G020530
	4401
	1962
	19
	Sobic.003G292400
	4527
	1782

	Ml06G021110
	10361
	1719
	17
	Sobic.003G292400
	4527
	1782

	Ml16G024880
	21405
	1713
	8
	Sobic.009G069600
	3624
	1713

	Ml17G026120
	28537
	1713
	8
	Sobic.009G069600
	3624
	1713

	Ml16G021830
	19406
	1953
	20
	Sobic.009G108700
	5651
	1959

	Ml17G020640
	24680
	1857
	17
	Sobic.009G108700
	5651
	1959

	Ml17G020710
	26581
	1911
	20
	Sobic.009G108700
	5651
	1959


CDSL: coding sequence length. GL: gene length. Bold characters represent putative C4 isoform genes.
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Supplementary Fig. 15 NADP-ME genes in M. lutarioriparius
(a) Tandem duplication of M. lutarioriparius NADP-ME genes Ml05G053440 and Ml05G053850. (b) Tandem duplication of M. lutarioriparius NADP-ME genes Ml06G054090 and Ml06G054130. (c) Segmental duplication of NADP-ME genes Ml17G020640 and Ml17G020710 only in M. lutarioriparius. (d) The expression heatmap of NADP-ME gene among 9 transcriptome samples, with the information of gene GC content, GC3s content and ENC. (e) Molecular phylogenetic tree and genetic structure diagram of NADP-ME genes of M. lutarioriparius and sorghum.

[bookmark: OLE_LINK140][bookmark: OLE_LINK141][bookmark: _Toc41213635][bookmark: _Toc41213671][bookmark: _Toc51621465]NADP-Malate dehydrogenase (MDH) genes
[bookmark: OLE_LINK142][bookmark: OLE_LINK143]	There exit two NADP-MDH genes in sorghum genome, one is C4 isoform, the other is non-C4 isoform. A total of three NADP-MDH genes of M. lutarioriparius were identified using homolog search (Supplementary Table 7). Based on the collinearity analysis, it was speculated that the tandem duplication of NADP-MDH genes of sorghum might occur after the species differentiation of sorghum and rice, but before the species differentiation of M. lutarioriparius and sorghum. Therefore, the tandem duplication of NADP-MDH gene was also observed in M. lutarioriparius genome. One copy of M. lutarioriparius NADP-MDH gene probably be lost after the recent WGD (Supplementary Fig. 16a, b). The results of subcellular localization prediction showed that the productions of three NADP-MDH genes were located in chloroplast. Transcriptome data analysis revealed that these three genes were all highly expressed in leaf tissues (Supplementary Fig. 16d). Ml07G037930 and Ml13G009940, which were collinear with the sorghum C4 isoform NADP-MDH gene, had higher expression levels than Ml13G009940, supporting Ml07G037930 and Ml13G009930 as potential C4 isoform NADP-MDH genes of M. lutarioriparius (Supplementary Fig. 16d). The analysis of codon usage revealed that similar GC3s (46.3% ~ 49.8%) among M. lutarioriparius NADP-MDH genes and homologous genes of sorghum and rice.

Supplementary Table 7 The information of M. lutarioriparius NADP-MDH genes
	NADP-MDH
	CDSL (bp)
	Exon num.
	GL (bp)
	Sb collinear gene
	GL (bp)
	CDSL (bp)
	Os collinear gene

	Ml13G009940
	1,314
	14
	3,041
	Sobic.007G166200
	3,354
	1,308
	LOC_Os08g44810

	Ml07G037930
	1,302
	14
	16,434
	Sobic.007G166300
	3,816
	1,290
	LOC_Os08g44810

	Ml13G009930
	1,302
	14
	3,378
	Sobic.007G166300
	3,816
	1,290
	LOC_Os08g44810


CDSL: coding sequence length; GL: gene length; Sb: Sorghum bicolor; Os: Oryza sativa.
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Supplementary Fig. 16 NADP-MDH genes in M. lutarioriparius
(a) Tandem duplication of M. lutarioriparius NADP-MDH genes Ml13G009930 and Ml13G009940. (b) collinearity analysis of NADP-MDH gene Ml07G037930. (c) Gene structure diagram of M. lutarioriparius, rice and sorghum NADP-MDH genes. The green boxes and black lines represent exons and introns, respectively. (d) Expression heatmap of NADP-MDH genes among nine transcriptome samples.

[bookmark: _Toc41213636][bookmark: _Toc41213672][bookmark: _Toc51621466]RbBPCase small-subunit (RbcS) genes
[bookmark: OLE_LINK144][bookmark: OLE_LINK145]The Localization of Rubisco in C4 plant vascular sheath depends on the RbBPCase small-subunit (RbcS) genes. Homologous genes were retrieved from the genome of M. lutariroriparius by using the known sorghum RbcS gene Sobic.005G042000, and two M. lutariroriparius RbcS genes were identified (Supplementary Fig 17a, b). Codon analysis showed high GC3s of two RbcS genes (96.3% and 97.5%), similar to sorghum homologous gene Sobic.005G042000 (97.5%) (Supplementary Fig. 17c). Transcriptome data analysis revealed that both genes were expressed in leaves, but the expression level of Ml09G046990 gene in leaves was much higher than that of Ml10G055410, indicating that Ml09G046990 probably the gene mainly performing photosynthesis-related functions (Supplementary Fig. 17c).
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Supplementary Fig. 17 RbcS genes in M. lutarioriparius
(a) Gene structure of M. lutarioriparius and sorghum RbcS genes. The green boxes and black lines represent exons and introns respectively. (b) The functional domain annotation of M. lutarioriparius and sorghum RbcS genes. (c) Expression heatmap of M. lutarioriparius RbcS genes among nine transcriptome samples, with information of GC content, GC3s and ENC of M. lutarioriparius RbcS genes.
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