
Additional file 1, Table S1. PCR primers used for quantitative RT-PCR or RT-PCR assays 
Gene (GenBank 

accession number)

Primer name   Forward primer (5’-3’) Reverse primer (5’-3’) Product size 

(nt) 

COPT1 

(GQ387494) 

OsCtr1 realF/R CATGGGCGCCATGAAGTC GTGAAGAGCACCTCCGAGTTCT 75 

COPT2 

(HQ833653) 

OsCtr2 realF/R TGCGGCGTGCTGCTAGA CAAGAGCAGATCCGCACTCA 101 

COPT3 

(HQ833654) 

OsCtr3 1F/1R GCTCGCCTACCTGGTGATGCT CGGCTCTGACGATGGATGGA 202 

COPT4 

(HQ833655) 

OsCtr4 1F/1R CCGCAGCACAAGATGGCGATG

A 

AGCACGAAGAGGAGGCAGAGGG 128 

COPT5 

(GQ387495) 

OsCtr5 realF/R GCTGTCTCGCTCGTCATGGT CGCACACACAAAACATCAACAA 66 

COPT6 

(HQ833656) 

OsCtr6 1F/1R CGTCCGTCACCATCCTCTTCG CGGGGCTCCTTCATCCACC 289 

COPT7 

(HQ833657) 

OsCtr7 realF/R GCCTAGGGTTTGGCTTTGC ACAAGATCGGGAAACCAAACA 64 

Actin  

(X15865) 

Actin-F/R TGTATGCCAGTGGTCGTACCA CCAGCAAGGTCGAGACGAA 121 

 



Additional file 1, Table S2. PCR primers used for yeast complementation experiments 
Gene (GenBank 

accession number)
Primer 
name 

Forward primer (5’-3’) Reverse primer (5’-3’) Product 
size (nt)

Use 

COPT1 
(GQ387494) 

OsCtr1 
11F/11RS 

CGCGGATCCATGGACATGGG
AGGGCACa 

CCGGAATTCCTACTAGCAGCA
GGCCGb 

486 Amplifying coding 
region of OsCOPT1 

COPT2 
(HQ833653) 

OsCtr2 
6F/6RS 

CGCGGATCCATGGCGGACAT
GGGAAGa 

CCGGAATTCCTAGCAGCACG
CCGCAGb 

453 Amplifying coding 
region of OsCOPT2 

COPT3 
(HQ833654) 

OsCtr3 
4F/4RS 

CGCGGATCCATGGCCATGCCC
ATGCCa 

CCGGAATTCTTAAGGTTTCGG
CTCTGb 

552 Amplifying coding 
region of OsCOPT3 

COPT4 
(HQ833655) 

OsCtr4 
4F/4RS 

TAGACTAGTATGAGGGGGAT
GGGCGAc 

CCGGAATTCCTAAGTCTTGGA
TCCATCb 

555 Amplifying coding 
region of OsCOPT4 

COPT5 
(GQ387495) 

OsCtr5 
10F/10RS 

CGCGGATCCATGGACATGGG
CGGCAa 

CCGGAATTCCTAGCAGCACA
CGGGGTCb 

456 Amplifying coding 
region of OsCOPT5 

COPT6 
(HQ833656) 

OsCtr6 
3F/3RS 

CGCGGATCCATGATGCACATG
AGCTTa 

CCGGAATTCCTACGCGCAGG
CGCAGGGGCb 

531 Amplifying coding 
region of OsCOPT6 

COPT7 
(HQ833657) 

OsCtr7 
4F/4RS 

TAGACTAGTATGATGCACATG
ACCTTCc 

CCGGAATTCCTAGGCGCAGG
CGCAGGGb 

450 Amplifying coding 
region of OsCOPT7 

ScCtr1 
(YSCP9642) 

ScCtr F/R CTAGACTAGTATGGAAGGTAT
GAATAc 

GCCGATATCTTAGTTATGAGT
GAATTTd 

1221 Amplifying coding 
region of ScCtr1 

aThe underlined nucleotides are the digestion site of BamHI. 
bThe underlined nucleotides are the digestion site of EcoRI. 
cThe underlined nucleotides are the digestion site of SpeI. 
dThe underlined nucleotides are the digestion site of EcoRV. 



Additional file 1, Table S3. PCR primers used for protein–protein interaction assays 

Gene (GenBank 

accession number)

Primer 

name 

Forward primer (5’-3’) Reverse primer (5’-3’) Product 

size (nt)

Use 

COPT1 
(GQ387494) 

OsCtr1 
5F/5R 

GCAATGGCCATTACGGCCAG
AAAAATGGACATGGGAGGGC
ACa 

GAATTCGGCCGAGGCGGCC
TTGCAGCAGGCCGGGTCGT
TCTTa 

489 Amplifying coding region 
of COPT1 

COPT2 
(HQ833653) 

OsCtr2 
BT3F/3R 

GCAATGGCCATTACGGCCAG
AAAAATGGCGGACATGGGa 

GAATTCGGCCGAGGCGGCC
CAGCACGCCGCAGGCGCa 

450 Amplifying coding region 
of COPT2 

COPT3 
(HQ833654) 

OsCtr3 
BT3F/3R 

GCAATGGCCATTACGGCCAG
AAAAATGGCCATGCCCATGa 

GAATTCGGCCGAGGCGGCC
GGTTTCGGCTCTGACGAa 

549 Amplifying coding region 
of COPT3 

COPT4 
(HQ833655) 

OsCtr4 
BT3F/3R 

GCAATGGCCATTACGGCCAG
AAAAATGAGGGGGATGGGCa 

GAATTCGGCCGAGGCGGCC
GTCTTGGATCCATCCGCa 

552 Amplifying coding region 
of COPT4 

COPT5 
(GQ387495) 

OsCtr5 
11F/11R 

GCAATGGCCATTACGGCCAG
AAAAATGGACATGGGCGGCA
ATGa 

GAATTCGGCCGAGGCGGCC
TTGCAGCACACGGGGTCGT
TCTTGa 

459 Amplifying coding region 
of COPT5 

COPT6 
(HQ833656) 

OsCtr6 
PR3F/3R 

CCGGAATTCATGATGCACATG
AGCTTCTACb 

CCGGAATTCCGCGCAGGCG
CAGGGGCTCb 

528 Amplifying coding region 
of COPT6 

COPT7 
(HQ833657) 

OsCtr7 
BT3F/3R 

GCAATGGCCATTACGGCCAG
AAAAATGATGCACATGACCTT
Ca 

GCAGATGGCCGAGGCGGCC
GCGCAGGCGCAGGGGTTGT
CGa 

447 Amplifying coding region 
of COPT7 

aThe underlined nucleotides are the digestion site of SfiI. 
bThe underlined nucleotides are the digestion site of EcoRI. 
 



Additional file 1, Table S4. PCR primers used for protein topology analyses 

Gene (GenBank 

accession number)

Primer 

name 

Forward primer (5’-3’) Reverse primer (5’-3’) Product 

size (nt)

Use 

COPT2 
(HQ833653) 

OsCtr2 
6F/6R 

CGCGGATCCATGGCGGACAT
GGGAAG a 

CCGGAATTCGCAGCACGCC
GCAGGCG b 

450 Localization in yeast cells 

COPT3 
(HQ833654) 

OsCtr3 
4F/4R 

CGCGGATCCATGGCCATGCCC
ATGCC a 

CCGGAATTCAGGTTTCGGC
TCTGACG b 

549 Localization in yeast cells 

COPT4 
(HQ833655) 

OsCtr4 
4F/4R 

TAGACTAGTATGAGGGGGAT
GGGCGA c 

CCGGAATTCAGTCTTGGATC
CATCCG b 

552 Localization in yeast cells 

aThe underlined nucleotides are the digestion site of BamHI. 
bThe underlined nucleotides are the digestion site of EcoRI. 
cThe underlined nucleotides are the digestion site of SpeI. 
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Additional file 1, Figure S1
Coexpression of rice COPT2, COPT3, COPT4, or COPT6 with Xa13 could not
complement S. cerevisiae ctr1Δctr3Δ mutant (MPY17). Complementation is 
indicated by growth on the media with 0, 20, or 50 μM copper (Cu). The p413 
and p416 are yeast expression vectors. Yeast ScCtr1 and empty vector (V) were 
used as positive and negative controls, respectively. Transformants were grown 
in SC-His-Ura medium to exponential phase and spotted onto SC-His-Ura and 
ethanol/glycerol (YPEG) plates.
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Additional file 1, Figure S2
Analyses of the functions of rice COPTs in Fe-uptake and Zn-uptake mutants of 
Saccharomyces cerevisiae. The yeast DEY1457 strain was wild type. Yeast cells 
diluted in gradient were plated on selective media (OD values: 1, 0.1, 0.01, and 
0.001 from left to right). (a) Functional analysis rice COPTs in yeast 
fet3fet4DEY1453 mutant strain, which lacked the Fet3 and Fet4 for Fe uptake. The 
transformants were spotted onto selective bathophenanthroinedisulfonic acid 
disodium (BPDS) media with or without supplement of Fe (FeSO4). (b) Functional 
analysis of rice COPTs in yeast zrt1zrt2ZHY3 mutant strain, which lacked the Zrt1 
and Zrt2 for Zn uptake. The transformants were spotted onto selective EDTA media 
with or without supplement of Zn (ZnSO4). 
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Additional file 1, Figure S3
Further analyses of the functions of rice COPTs in Fe-uptake and Zn-uptake 
mutants of Saccharomyces cerevisiae. The yeast DEY1457 strain was wild type. 
Yeast cells diluted in gradient were plated on selective media. Empty vector (V) was 
used as negative control. The p413 and p416 are yeast expression vectors. (a) 
Functional analysis rice COPT2, COPT3, COPT4, and COPT6 in yeast
fet3fet4DEY1453 mutant strain, which lacked the Fet3 and Fet4 for Fe uptake. The 
transformants were spotted onto selective bathophenanthroinedisulfonic acid 
disodium (BPDS) media with or without supplement of Fe (FeSO4). (b) Functional 
analysis of rice COPT2, COPT3, COPT4, and COPT6 in yeast zrt1zrt2ZHY3 mutant 
strain, which lacked the Zrt1 and Zrt2 for Zn uptake. The transformants were spotted 
onto selective EDTA media with or without supplement of Zn (ZnSO4). 
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Additional file 1, Figure S4
Infection of Xanthomonas oryzae pv. oryzae strain PXO99 did not 
influence the expression of COPTs in susceptible rice variety IR24 
analyzed by qRT-PCR and RT-PCR. Bar represents mean (3 replicates) ±
standard deviation. Plants were inoculated with PXO99 at booting (panicle 
development) stage. ck, before infection. 
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Additional file 1, Figure S5
The expression of COPTs after infection of Xanthomonas oryzae pv. 
oryzae strain PXO61 in susceptible rice variety IR24 analyzed by qRT-PCR 
and RT-PCR. Bar represents mean (3 replicates) ± standard deviation. 
Plants were inoculated with PXO61 at booting (panicle development) stage. 
ck, before infection. 


