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Table S1. RNA-seq analysis 1 
 2 
 

Gene ID 

Putative function  Median normalized *RPKM  

Day1 Day2 Day3 

rvr6185 ribosomal protein L10 31,421 1,557 25,349 

rvr4994 1L-myo-inositol-1-phosphate synthase 14,688 501 22,384 

rvr6704 ferredoxin 12,950 4,000 31,302 

rvr6682 peptide ABC transporter solute-binding protein 10,381 844 3,051 

rvr6236 translation initiation factor IF-1 5,491 516 14,459 

rvr4938 cytochrome bd-I oxidase subunit I 4,497 260 19,873 

rvr6277 co-chaperonin GroES 3,445 407 2,911 

rvr6238 ribosomal protein S13 3,422 222 2,723 

rvr6217 ribosomal protein S17 2,326 861 2,862 

rvr3590 hypothetical protein 2,314 381 3,816 

rvr2313 cytochrome c oxidase subunit III 2,216 276 17,977 

rvr6204 ribosomal protein S10 2,102 472 3,909 

rvr6199 elongation factor EF-Tu 1,992 762 5,314 

rvr6195 ribosomal protein S12 1,839 388 4,733 

rvr6197 translation elongation factor G 1,818 621 2,747 

rvr6222 ribosomal protein L5 1,318 603 1,913 

rvr2133 
branched-chain amino acid ABC transporter substrate-binding 

protein 
1,278 287 924 

rvr6219 ribosomal protein L14 1,278 1,044 2,221 

rvr2046 glyceraldehyde 3-phosphate dehydrogenase 1,245 328 5,425 

rvr9025 lipoprotein 1,223 164 6,018 

rvr5758 transcriptional regulator 1,162 391 4,149 

rvr3991 class I heat-shock protein 871 846 714 

rvr3291 citrate synthase 321 179 3,282 

List of highly expressed gene in Streptomyces reveromyceticus SN-593 SR1 strain. *RPKM, reads per kilobase 3 
of transcript per million mapped reads. The data were median normalized for each data set. 4 
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Table S2. Bacterial strains and plasmids used in this study 1 

Strain and plasmid Relevant characteristics Reference 

Strains   

Streptomyces sp. SN-593 Wild-type reveromycin A-producing strain 1 

SR1 
Streptomyces sp. SN-593 that disrupted revC and revD genes 

(∆revC∆rev) 
2 

SR1-VC SR1::pTYM19 This study 

SR1-NC SR1::pTYM19::aphIIp-rvr4129 This study 

SR1-1 SR1::pTYM19::aphIIp-fur22 (rvr4131) 3 

SR1-2 SR1::pTYM19::rvr1215p-fur22 This study 

SR1-3 SR1::pTYM19::rvr1226p-fur22 This study 

SR1-4 SR1::pTYM19::rvr2028p-fur22 This study 

SR1-5 SR1::pTYM19::rvr2030p-fur22 This study  
 

SR1-6 SR1::pTYM19::rvr2133p-fur22 This study 

SR1-7 SR1::pTYM19::rvr2353p-fur22 This study 

SR1-8 SR1::pTYM19::rvr2436p-fur22 This study 

SR1-9 SR1::pTYM19::rvr3032p-fur22 This study 

SR1-10 SR1::pTYM19::rvr3087p-fur22 This study 

SR1-11 SR1::pTYM19::rvr3168p-fur22 This study 

SR1-12 SR1::pTYM19::rvr3291p-fur22 This study 

SR1-13 SR1::pTYM19::rvr3493p-fur22 This study 

SR1-14 SR1::pTYM19::rvr3650p-fur22 This study 

SR1-15 SR1::pTYM19::rvr3991p-fur22 This study 

 
SR1-16 SR1::pTYM19::rvr4050p-fur22 This study 

SR1-17 SR1::pTYM19::rvr4941p-fur22 This study 

SR1-18 SR1::pTYM19::rvr5758p-fur22 This study 

SR1-19 SR1::pTYM19::rvr6185p-fur22 This study 

SR1-20 SR1::pTYM19::rvr6204p-fur22 This study 

SR1-21 SR1::pTYM19::rvr6279p-fur22 This study 

SR1-22 SR1::pTYM19::rvr6682p-fur22 This study 

SR1-23 SR1::pTYM19::rvr7845p-fur22 This study 

SR1-24 SR1::pTYM19::rvr7933p-fur22 This study 

SR1-25 SR1::pTYM19::rvr7936p-fur22 This study 

SR1-26 SR1::pTYM19::rvr7941p-fur22 This study 

SR1-27 SR1::pTYM19::rvr9107p-fur22 This study 

SR1-28 SR1-1::pKU492Acos::fur1p-fpps-ssl1-ssl3 This study  

SR1-29 SR1-5::pKU492Acos::fur1p-fpps-ssl1-ssl3 This study  

SR2 The fur1 gene deletion was introduced in SR1 This study 

SR2-PF SR2::pKU492Acos::fur1p-fpps-ssl1-ssl3 This study  

SR2-1 SR2::pTYM19::aphIIp-fur22 This study  

SR2-2 SR2::pTYM19::rvr2030p-fur22 This study  

SR2-3 SR2-PF::pTYM19::aphIIp-fur22 This study  

SR2-4 SR2-PF::pTYM19::rvr2030p-fur22  This study  

SR2-5 SR2-PF::pTYM19::rvr2353p-fur22 This study  

SR2-6 SR2-PF::pTYM19::rvr3650p-fur22 This study  

SR2-7 SR2-PF::pTYM19::rvr9107p-fur22 This study  

E. coli DH5α 
Cloning host; F- Φ80dlacZ∆M15 ∆(lacZYA-argF)U169 endA1 

recA1 deoR hsdR17(rK
- mK

+) phoA, supE44 λ- thi-1 gyrA96 relA1 
 

E. coli -conjugation E. coli GM2929 hsdS::Tn10 carrying pUB307-aph::Tn7 4 

E. coli-BW25113 
The derivative of the F- , λ - , E.coli K-12 strain BD792 

[CGSC6159] 
5 
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Plasmids    

pKD13 Template plasmid for FRT-flanked kanamycin resistant gene CGSC 5 

pKD78 Red recombinase expression plasmid  CGSC 

pCP20 

Ampicillin and chloramphenicol resistance plasmid that shows 

temperature sensitive replication and thermal induction of FLP 

synthase 

CGSC 6 

pIM DNA region from BamHI and KpnI site was removed from 

pKU250 

2 

pIM-fur1 
pIM containing approximately 6 kb DNA containing fur1 gene in 

HindIII site 
This study 

pIM-∆fur1 fur1 gene disruption vector   This study 

pTYM19 Actinomycete-Escherichia coli integration vector  7 

pTYM19::aphIIp The aphII promoter was ligated into EcoRI and BamHI site  
2 

pTYM19::aphIIp-fur22 
The fur22 (rvr4131) transcriptional regulator gene was inserted in 
BamHI and HindIII site of pTYM19::aphIIp 

3 

pTYM19::aphIIp-rvr4129 
# The rvr4129 gene was inserted in BamHI and HindIII site of 

pTYM19::aphIIp 
This study 

pTYM19::fur22 The aphII promoter was removed from pTYM19::aphIIp-fur22 This study 

pKU492Acos_aac(3)IV  Actinomycete TG1 integration vector  8 

pKU492Acos::fur1p 
pKU492Acos with fur1 promoter regulating mevalonate gene 

cluster in EcoRI and NdeI site  
This study 

pKU492Acos::fur1p-fpps-

ssl1-ssl3 

The fpps-ssl1-ssl3 gene fragment was ligated in NdeI and HindIII 

site of  pKU492Acos::fur1p 
This study 

 Promoter construct initiated by RNA-seq analysis  

pTYM19::rvr3291p-fur22 
*The promoter region (500 bp) obtained from rvr3291 gene was 
inserted in the upstream of fur22 gene. 

This study 

pTYM19::rvr3991p-fur22 
*The promoter region (500 bp) obtained from rvr3991 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr5758p-fur22 
*The promoter region (493 bp) obtained from rvr5758 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr6185p-fur22 
*The promoter region (406 bp) obtained from rvr6185 gene was 

inserted in the upstream of fur22 gene. 

This study 

 

pTYM19::rvr6204p-fur22 
*The promoter region (486 bp) obtained from rvr6204 gene was 

inserted in the upstream of fur22 gene. 
This study 

 Promoter construct initiated by 2-D gel electrophoresis analysis  

pTYM19::rvr1215p-fur22 
*The promoter region (300 bp) obtained from rvr1215 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr1226p-fur22 
*The promoter region (348 bp) obtained from rvr1226 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr2028p-fur22 
*The promoter region (519 bp) obtained from rvr2028 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr2030p-fur22 
*The promoter region (250 bp) obtained from rvr2030 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr2133p-fur22 
*The promoter region (500 bp) obtained from rvr2133 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr2353p-fur22 
*The promoter region (400 bp) obtained from rvr2353 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr2436p-fur22 
*The promoter region (500 bp) obtained from rvr2436 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr3032p-fur22 
*The promoter region (405 bp) obtained from rvr3032 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr3087p-fur22 
*The promoter region (478 bp) obtained from rvr3087 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr3168p-fur22 
*The promoter region (500 bp) obtained from rvr3168 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr3493p-fur22 
*The promoter region (495 bp) obtained from rvr3493 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr3650p-fur22 
*The promoter region (370 bp) obtained from rvr3650 gene was 

inserted in the upstream of fur22 gene. 
This study 
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pTYM19::rvr4050p-fur22 
*The promoter region (399 bp) obtained from rvr4050 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr4941p-fur22 
*The promoter region (349 bp) obtained from rvr4941 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr6279p-fur22 
*The promoter region (250 bp) obtained from rvr6279 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr6682p-fur22 
*The promoter region (398 bp) obtained from rvr6682 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr7845p-fur22 
*The promoter region (343 bp) obtained from rvr7845 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr7933p-fur22 
*The promoter region (500 bp) obtained from rvr7933 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr7936p-fur22 
*The promoter region (500 bp) obtained from rvr7936 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr7941p-fur22 
*The promoter region (398 bp) obtained from rvr7941 gene was 

inserted in the upstream of fur22 gene. 
This study 

pTYM19::rvr9107p-fur22 
*The promoter region (249 bp) obtained from rvr9107 gene was 

inserted in the upstream of fur22 gene. 
This study 

 1 
# The putative transcriptional regulator rvr4129 gene exists in the upstream of fur22 gene. The gene expression by aphII 2 
promoter does not enhance FQ production.  3 
*The gene was inserted into EcoRI and BamHI sites. 4 
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Table S3. The primers used in this study 1 
Primers used for genes amplification  

Target gene or 

vectors 
Primer Comment 

fur1  
Fur1 Hind-F: 5´-CCCAAGCTTCCCGATCACGTCCA-3´ 
Fur1 Hind-R: 5´- CCCAAGCTTCGGTGCTGTGGAAG-3´ 

fur1 gene was amplified from   
fosmid clone PCC1FOS-16C11 

fur1p  
Eco-Pfur1-F :5´- CCGGAATTCGAGGGTCTGGACGGATCGGTT-3´ 

Nde-Pfur1-R :5´-GGAATTCCATATGCGGGGTCCACTTCCTCAGAGT -3´ 

765 bp fragment of fur1 promoter 

(fur1p) was amplified from fosmid 

clone PCC1FOS-16C11 

Primers used for the target gene inactivation by λ-Red system  

aphII 

Fur1-For-P4 :  

5´-AGGCTATGCAAGCCGGCGATGCGTGCGCCCGAACACGTCATCA     

CGCTGGAAATTCCGGGGATCCGTCGACC-3´ 

Fur1-Rev-P1:  

5´-AGCTGTGGCGGAACACGTTGCGGTCCACTTCGAGGAACTTCGC 

CAGGTCGTTGTAGGCTGGAGCTGCTTC-3´ 

aphII gene was amplified from 

pKD13 having flanking region of 

51 bp homology with target gene 

on both sides.  

Primers used for confirmation of gene deletion  

Wild-type fur1 

and  ∆fur1 

F1: 5´-CCCGTTGACGACGTGGTCGACCG-3´ 

R1: 5´-GGGCGATGTGGGAGTACAGCGCG-3 

F2: 5´-TCGACCGCCGTCCGCCGGTT-3´ 

R2: 5´-TCCCCCAAGGGCGACCGGGT-3´ 

 

Primers used for the evaluation of promoters  

Target gene Primer sequence 

rvr1215 
rvr1215-F: 5ˊ-CCGGAATTCGACCTCGGGGTGCCCGACGA-3ˊ 
rvr1215-R: 5ˊ-CGCGGATCCGGTTGCTCTCCGTTCCAGTCT-3ˊ 

rvr1226 
rvr1226-F: 5ˊ-CCGGAATTCGGCCGCGCCGGATCGGCGGT-3ˊ 

rvr1226-R: 5ˊ-CGCGGATCCTCGTCCGCCTCCCGACCGCC-3ˊ 

rvr2028 
rvr2028-F: 5ˊ- CCGGAATTCAGGTAGCCGCCGACCACGGTCGCCA-3ˊ 

rvr2028-R: 5ˊ- CGCGGATCCTGGGTCAGGGCTCCTCTCCACAT-3ˊ 

rvr2030 
rvr2030-F: 5ˊ-CCGGAATTCAGAGCGTGCTGCCGTCCACG-3ˊ 

rvr2030-R: 5ˊ-CGCGGATCCTGGGATCTGCATCTCCTGAAATG-3ˊ 

rvr2133 
rvr2133-F: 5ˊ-CCGGAATTCTTGGAGCGGTCGGCGCCCC-3ˊ 

rvr2133-R: 5ˊ-CGCGGATCCAAGCGGTCCTTTCCCCTGGCT-3ˊ 

rvr2353 
rvr2353-F: 5ˊ-CCGGAATTCACCTGGACATCGCGGGCCCG-3ˊ 

rvr2353-R: 5ˊ-CGCGGATCCGTCACGTCCTCCATGCATGGG-3ˊ 

rvr2436 
rvr2436-F: 5ˊ-CCGGAATTCGGAGATGATCCAGGAAGTGC-3ˊ 

rvr2436-R: 5ˊ-CGCGGATCCTACGCGGATTCCTTGTCTGATGT-3ˊ 

rvr3032 
rvr3032-F: 5ˊ-CCGGAATTCAAGTGCCGTGCGAGGTGGGC-3ˊ 

rvr3032-R: 5ˊ-CGCGGATCCTGGCGGTGCTCCTTCAAGCTC-3ˊ 

rvr3087 
rvr3087-F: 5ˊ-CCGGAATTCGCCACCCGCACCCCCTG-3ˊ 

rvr3087-R: 5ˊ-CGCGGATCCGCCAGTGCCGCGCGCGTTCT-3ˊ 

rvr3168 
rvr3168-F: 5ˊ-CCGGAATTCAGCGGGCGACGGGAATCGAA-3ˊ 

rvr3168-R: 5ˊ-CGCGGATCCGGTTGGGTCTCCTTGGGGG-3ˊ 

rvr3291  
rvr3291-F: 5´-CCGGAATTCGGGCGCCAACGGCGTCTTCA-3´ 

rvr3291-R: 5´-CGCGGATCCGTCATTCCCTCACCGACGGT-3´ 

rvr3493 
rvr3493-F: 5ˊ-CCGGAATTCACGCAGCGGCTGACGGTGCT-3ˊ 

rvr3493-R: 5ˊ-CGCGGATCCTGACGACCTTCTTCCGGTTCC-3ˊ 

rvr3991 
rvr3991-F: 5´-CCGGAATTCGCTACGGCTTCATCGCGGT-3´ 
rvr3991-R: 5´-CGCGGATCCGGTGAAGTGTCCTCCGCGGA-3´ 

rvr3650 
rvr3650-F: 5ˊ-CCGGAATTCACCAGCATCCCCAAGGGCGA-3ˊ 

rvr3650-R: 5ˊ-CGCGGATCCGTTGTCTCCTTCTGAGATGTCT-3ˊ 

rvr4050 
rvr4050-F: 5ˊ-CCGGAATTCACCATCTGTCCGCCCAATT-3ˊ 

rvr4050-R: 5ˊ-CGCGGATCCGCACGCCCCTTCCTCT-3ˊ 

rvr4129 
rvr4129-F: 5ˊ-CGCGGATCCGTGGAGTTCAGAGCCCTGGGC-3ˊ 
rvr4129-R: 5ˊ-CCCAAGCTTTCACCCGGGGTCGCCGGGCT-3ˊ 

rvr4941 
rvr4941-F: 5ˊ-CCGGAATTCGCGCGCTCCAGCCGGCGT-3ˊ 

rvr4941-R: 5ˊ-CGCGGATCCACCCTACGAGGGTCGCCGCA-3ˊ 

rvr5758  
rvr5758-F: 5´-CCGGAATTCGACAGCGCCGCGACGGAT-3´ 

rvr5758-R: 5´-CGCGGATCCGTGACAGGTACCCCTTCCGT-3´ 

rvr6185 
rvr6185-F: 5ˊ-CCGGAATTCGTGCGCGGACCGGTACTCCGACCA-3ˊ 

rvr6185-R: 5ˊ-CGCGGATCCGAGTCTCGGCCTCCTTCCGGGTGA-3ˊ 
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rvr6204 
rvr6204-F: 5ˊ-CCGGAATTCTGTCCGTTCCCAGGCCGCGGGAT-3ˊ 

rvr6204-R: 5ˊ-CGCGGATCCGGCTACTCCGTAGTCCTTGTCTCT-3ˊ 

rvr6279 
rvr6279-F: 5ˊ-CCGGAATTCACGTCGCCGTCGGCGACGTC-3ˊ 

rvr6279-R: 5ˊ-CGCGGATCCGCCTGCGAACTACCTCGTCTACT-3ˊ 

rvr6682 
rvr6682-F: 5ˊ-CCGGAATTCTGCCCAACATCTGGAGCACCAT-3ˊ 

rvr6682-R: 5ˊ-CGCGGATCCTGAAATCCTGCCTGTCTGGACTG-3ˊ 

rvr7845 
rvr7845-F: 5ˊ-CCGGAATTCAGATCGGACTCCGTGCTGTG-3ˊ 

rvr7845-R: 5ˊ-CGCGGATCCAGGCGCTGTTCCTTCCGTGA-3ˊ 

rvr7933 
rvr7933-F: 5ˊ-CCGGAATTCAAGGCTGATGTTCTGGTTGC-3ˊ 

rvr7933-R: 5ˊ-CGCGGATCCGACAGTCTCCTTCATGCATGTT-3ˊ 

rvr7936 
rvr7936-F: 5ˊ-CCGGAATTCTGCTGCGCAAGTGAGTCCGGT-3ˊ 

rvr7936-R: 5ˊ-CGCGGATCCTGCTCAAGTCCTCAGCCTTCTTC-3ˊ 

rvr7941 
rvr7941-F: 5ˊ-CCGGAATTCTGCAACCTGCTCAACCCGA-3ˊ 

rvr7941-R: 5ˊ-CGCGGATCCTCTGAGGTTGCCTCCCTGACA-3ˊ 

rvr9107 
rvr9107-F: 5ˊ-CCGGAATTCGTACCCATCTGCCGCTCCCGC-3ˊ 

rvr9107-R: 5ˊ-CGCGGATCCTGGCGGGGTCCTCCGGAGGT-3ˊ 

 Primers used to check RNA-seq guided transformants 

Expected 

amplification 

size of DNA 

Template  
genomic DNA 

Primer sequence (amplification between putative promoter and fur22 gene) 

rvr3291-fur22 
(525 bp) 

SR1-13 
rvr3291-F: 5´-AATTCGGGCGCCAACGGCGTCTTCA -3´ 
fur22-F:     5ˊ-GCAGCGCGCCAAGCAGCTGAAT -3ˊ 

rvr3991-fur22 

(525 bp) 
SR1-16 

rvr3991-F: 5´-GAATTCGCTACGGCTTCATCGCGGT -3´ 

fur22-F:     5ˊ-GCAGCGCGCCAAGCAGCTGAAT -3ˊ 
rvr5758-fur22 

(518 bp) 
SR1-19 

rvr5758-F: 5´-GAATTCGACAGCGCCGCGACGGAT -3´ 

fur22-F:     5ˊ-GCAGCGCGCCAAGCAGCTGAAT -3ˊ 

rvr6185-fur22 

(431 bp) 
SR1-20 

rvr6185-F: 5ˊ-CGTGCGCGGACCGGTACTCCGACCA-3ˊ 

fur22-F:     5ˊ-GCAGCGCGCCAAGCAGCTGAAT -3ˊ 

rvr6204-fur22 

(511 bp) 
SR1-21 

rvr6204-F: 5ˊ-CTGTCCGTTCCCAGGCCGCGGGAT-3ˊ 

fur22-F:     5ˊ-GCAGCGCGCCAAGCAGCTGAAT -3ˊ 

 1 
The underlines show homologous sequences to the target DNA region or restriction enzyme sites.  2 

 3 

 4 
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Table S4. Codon optimized fpps-ssl1-ssl3 gene sequences for Streptomyces reveromyceticus SN-593. 1 

fur1p-fpps-ssl1-ssl3  

GAATTCGAGGGTCTGGACGGATCGGTTCCGAAGTCCCGGGAGGAGCGCGGCCGTCGGCCGGGAGGAGCACGGGTC

CGCCCGGTCGGCGACCGCCCCGGGACGGTGCCGCCGTCCCCGCCTCCGGACGGGGCCGAGACGTTCGGCCGCCCG

GTGTGGCAGGTCGGGGACGACGTTAGGAGGCGCGCGTTCCCTGAACGTTCCCTCGCCTGGGGCCCGTTGGGCCCG

GTCGGTGCGGTGCTCGTCGAGCCGGGGTGTCCTCGGCCTCCACGGGGAGTCGAGTGTGACCCAGGTCACTCCATG

TAATGCTTGGCGCCAAGCCTGCTGCCGTGTCACTATTTCCGCACACCTTCCCTGCCCGAAAGCAGTCACCAGGCA

GCGGATCGACCGCCGTCCGCCGGTTCCCCGCACAGGCGGGACCCGCACGCAGAACTCCCGGCGATCCACAGCAGC

CGACTGCTCCCGCCGAGCAGCTCACGTCCCTTCCCGTTCAGGACAGGCGCCAATCGCCGTCGGCGGACTCCGTCC

GACCGGCCGCCCCAGCGAACATCTCCCGTGCCCCGGCCCCGCGGCCCGCCGCCGTCCCTCTCCCCCTCGCGGGGG

GCAGGACGGCGGCGGGCCGCGCCCCGTTTCCGCCCGGCCGCCGAGCCGGCGGGCCTGCCGGCCGCCGTGAAGAAC

GCGTCAACGACCCCACCGAGGACGGCGGGTGAAGGATCCGCCGTCTGCGCGACGCCCCACTGCCCTTGCTGTCGA

GACTCTGAGGAAGTGGACCCCGCATATGATGCACAAGTTCACCGGCGTGAACGCCAAGTTCCAGCAGCCGGCCCT

GCGCAACCTGTCCCCGGTGGTGGTCGAGCGCGAGCGCGAGGAGTTCGTGGGCTTCTTCCCGCAGATCGTGCGCGA

CCTGACCGAGGACGGCATCGGCCACCCCGAGGTGGGCGACGCCGTGGCCCGCCTGAAGGAGGTGCTGCAGTACAA

CGCCCCGGGCGGCAAGTGCAACCGCGGCCTGACCGTGGTGGCCGCCTACCGCGAGCTGTCCGGCCCGGGCCAGAA

GGACGCCGAGTCCCTGCGCTGCGCCCTGGCCGTGGGCTGGTGCATCGAGCTGTTCCAGGCCTTCTTCCTGGTGGC

CGACGACATCATGGACCAGTCCCTGACCCGCCGCGGCCAGCTGTGCTGGTACAAGAAGGAGGGCGTCGGCCTGGA

CGCGATCAACGACTCCTTCCTGCTGGAGTCCTCCGTGTACCGCGTGCTGAAGAAGTACTGCCGCCAGCGCCCGTA

CTACGTGCACCTCCTGGAGCTGTTCCTCCAGACCGCCTACCAGACCGAGCTGGGCCAGATGCTGGACCTGATCAC

CGCCCCGGTGTCCAAGGTGGACCTGTCCCACTTCTCCGAGGAGCGCTACAAGGCCATCGTGAAGTACAAGACCGC

CTTCTACTCCTTCTACCTGCCGGTGGCCGCCGCCATGTACATGGTGGGCATCGACTCCAAGGAGGAGCACGAGAA

CGCCAAGGCCATCCTGCTGGAGATGGGCGAGTACTTCCAGATCCAGGACGACTACCTGGACTGCTTCGGCGACCC

GGCCCTGACCGGCAAGGTGGGCACCGACATCCAGGACAACAAGTGCTCCTGGCTGGTCGTGCAGTGCCTGCAGCG

CGTGACCCCCGAGCAGCGCCAGCTGCTGGAGGACAACTACGGCCGCAAGGAGCCCGAGAAGGTCGCCAAGGTGAA

GGAGCTGTACGAGGCCGTCGGCATGCGCGCCGCCTTCCAGCAGTACGAGGAGTCCTCCTACCGCCGCCTGCAGGA

GCTGATCGAGAAGCACTCCAACCGCCTGCCGAAGGAGATCTTCCTGGGCCTGGCGCAGAAGATCTACAAGCGCCA

GAAGTGAACCACACGCGCCAACAACGGAAGCGGAGTCCATGACCATGCACCAGGACCACGGCGTGATGAAGGACC

TGGTGAAGCACCCGAACGAGTTCCCGTACCTGCTGCAGCTGGCCGCCACCACCTACGGCTCCCCGGCCGCCCCGA

TCCCGAAGGAGCCGGACCGCGCCTTCTGCTACAACACCCTGCACACCGTGTCCAAGGGCTTCCCGCGCTTCGTGA

TGCGCCTGCCGCAGGAGCTGCAGGACCCGATCTGCATCTTCTACCTGCTGCTGCGCGCCCTGGACACCGTCGAGG

ACGACATGAACCTGAAGTCCGAGACCAAGATCTCCCTGCTGCGCGTGTTCCACGAGCACTGCTCCGACCGCAACT

GGTCGATGAAGTCCGACTACGGCATCTACGCCGACCTGATGGAGCGCTTCCCGCTGGTCGTGTCCGTGCTGGAGA

AGCTGCCGCCGGCCACCCAGCAGACCTTCCGCGAGAACGTGAAGTACATGGGCAACGGCATGGCCGACTTCATCG

ACAAGCAGATCCTGACCGTGGACGAGTACGACCTGTACTGCCACTACGTGGCCGGCTCGTGCGGGATCGCCGTGA

CCAAGGTGATCGTGCAGTTCAACCTGGCCACCCCCGAGGCCGACTCCTACGACTTCTCCAACTCCCTGGGCCTGC

TGCTGCAGAAGGCCAACATCATCACCGACTACAACGAGGACATCAACGAGGAGCCGCGCCCGCGCATGTTCTGGC

CGCAGGAGATCTGGGGCAAGTACGCCGAGAAGCTGGCGGACTTCAACGAGCCCGAGAACATCGACACCGCCGTGA

AGTGCCTGAACCACATGGTGACCGACGCCATGCGCCACATCGAGCCGTCCCTGAAGGGCATGGTGTACTTCACCG

ACAAGACCGTGTTCCGCGCCCTGGCGCTGCTGCTGGTGACCGCCTTCGGCCACCTGTCCACCCTGTACAACAACC

CGAACGTGTTCAAGGAGAAGGTCCGCCAGCGCAAGGGCCGGATCGCCCGCCTGGTGATGTCCTCCCGCAACGTGC

CGGGCCTGTTCCGGACCTGCCTGAAGCTGGCCAACAACTTCGAGTCCCGCTGCAAGCAGGAGACCGCCAACGACC

CGACCGTGGCCATGACCATCAAGCGCCTGCAGTCCATCCAGGCGACCTGCCGCGACGGCCTGGCCAAGTACGACA

CCCCGTCCGGCCTGAAGTCCTTCTGCGCCGCGCCGACCCCGACCAAGGGCGGCTCCGGCGGCGGCAGCGGCGGCG

GCTCGGGCATGAAGCTGCGCGAGGTCCTGCAGCACCCGGGCGAGATCATCCCGCTGCTGCAGATGATGGTGATGG

CCTACCGCCGCAAGCGCAAGCCGCAGGACCCGAACCTGGCCTGGTGCTGGGAGACCCTGATCAAGGTGTCCCGCT

CCTACGTGCTGGTGATCCAGCAGCTGCCCGAGGTGCTCCAGGACCCCATCTGCGTGAACTACCTGGTCCTGCGGG

GCCTCGACACCCTGCAGGACGACATGGCCATCCCGGCCGAGAAGCGCGTGCCCCTGCTGCTGGACTACTACAACC

ACATCGGCGACATCACCTGGAAGCCGCCGTGCGGCTACGGCCAGTACGTCGAGCTGATCGAGGAGTACCCGCGCG

TGACCAAGGAGTTCCTGAAGCTGAACAAGCAGGACCAGCAGTTCATCACCGACATGTGCATGCGCCTGGGCGCCG

AGATGACCGTGTTCCTGAAGCGCGACGTGCTGACCGTGCCGGACCTGGACCTGTACGCCTTCACCAACAACGGCC

CGGTGGCCATCTGCCTGACCAAGCTGTGGGTGGACCGCAAGTTCGCCGACCCGAAGCTGCTGGACCGCGAGGACC

TGTCCGGCCACATGGCCATGTTCCTCGGCAAGATCAACGTGATCCGCGACATCAAGGAGGACGTCCTGGAGGACC

CGCCGCGCATCTGGTGGCCCAAGGAGATCTGGGGGAAGTACCTGAAGGACCTGCGCGACATCATCAAGCCCGAGT

ACCAGAAGGAGGCCCTGGCCTGCCTGAACGACATCCTCACCGACGCGCTCCGGCACATCGAGCCCTGCCTGCAGT

ACATGGAGATGGTGTGGGACGAGGGCGTGTTCAAGTTCTGCGCCGTGCCCGAGCTGATGTCCCTGGCCACCATCT

CCGTGTGCTACAACAACCCCAAGGTGTTCACCGGCGTGGTGAAGATGCGCCGCGGCGAGACCGCCAAGCTGTTCC

TGTCCGTGACCAACATGCCGGCCCTGTACAAGTCCTTCTCCGCGATCGCCGAGGAGATGGAGGCCAAGTGCGTGC

GCGAGGACCCGAACTTCGCCCTGACCGTGAAGCGGCTGCAGGACGTGCAGGCCCTGTGCAAGGCCGGCCTGGCGA

AGTCCAACGGCAAGGTGTCCGCCAAGGGCGCCTGAAAGCTT 

 2 

The underlines show restriction enzyme sites. The sequences indicate the promoter of fur1 gene promoter 3 

from S. reveromyceticus SN-593 (orange), codon optimized FPP synthase gene (fpps) from chicken (blue), 4 

and codon optimized SSL-1 and SSL-3 fusion synthase gene (ssl1-ssl3) from Botryococcus race B 5 

(purple). The shade sequence between fur1 and fur2 gene organization found in FQ gene cluster was 6 

adopted to assure transcription of ssl-1and ssl-3 gene. The peptide fusions of SSL-1 and SSL-3 was 7 

connected by a triplet repeat linker of GGSG (bold letter) 
9
.  8 

Table S5.  Gene expression profiles and gene organization for promoter screening. 9 
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3295 3290 3291 3289 3296 

150 bp 

DNA sequence of rvr4129 gene used as negative control 

rvr4129 

 

GTGGAGTTCAGAGCCCTGGGCCCGTTGGAGGCGCTGGTTGCCGGGCGGGCGGTGAGCCTGGGGACGCCCAAGCAGCGCCGGCTGATCGCGTTGCTGGTCAGCCGGGT

CGGCCAGCCGGTGCCGGTGGACGTGATGCTGGAGGCCCTGTGGGCCGGGTCCCCGCCCCCCTCGGCGAAGACCTCGCTCCAGGCGTACGTGGCC

AATCTCCGCAGGGTGCTGGAGCCGGGCCGGGCGCCCAGGACGCCCTCGACGGTGCTGCGCACCACCGACCGGGGCTACCAGTTGGACGCCCGGG

CGGTCGAGGTGGACGTCAACCGCTTCGAGCAGCACGCCACTTCGGGATGGCAGGCGTGGAACCGGGGCGAACCGCACCAGGCGCTCGGCGAGTT

CGAGGCCGGACTGGCGTGGTGGCGCGGCGAGGCGTACACGGAGGTGTCCCAGTCCGTCCATGTGGCGGCGGAGGTGACACGGCTGGAGGAGTTG

CGGCTGTCCGTGGTGGAGGGGCGCTGCGCGGCGCTGCTGGCCGTGGGGGCCCACGAGATGGCGGCCGCCGAACTGGAGGGCTTCATGCAGGCCC

ATCCGCTGCGCGAGTACGGCTGCGAGCTCCTCAGCCTGGCGCTGTACCGGTCCGGGCGGCAGGCCGACGCGCTGGCGGTGCTCCGCACCAACCA

GAGGCGCCTGGGAGAGGAACTGGGCATCGACCCCGTACCGGCGCTGCAACACCTCGAACGGGAGATCCTGAGCCACACCCCGGCGCTGGACTGG

CGTCCGGCCCTGGACGGCCCGGCCGTCACCTCGCCGGGCCGGCCGGCGGTCGCACCGCGGGTCCGCGTGCCGGCCCAGTCGTGGCGCCGGGCAG

CCGTGGAGGAGGACGCCTTCGTCGGCCGCGAGGACGCGCTCCGGCAGTTGGACGCGGCGACGGCGGCGGCGGCGCTCGGGCGGGGACAGGTGGT

GACCGTGTCCGGTGAACCCGGCATCGGCAAGACCAGCCTGCTGCGGCGCCTGACCTCGGCGGCGGGCGCGCCGGTGCTGTGGGGTTCCTACCCG

GCCCACGTCGCCACGCCGCCGTTGTGGCCCTGGCGGCAGGTGCTGGACATGGCGGGTGCCCACGGCCCGCGGCGCCCCGTCCCGAGCGCCGTCG

CCGAAGTGCTCAACGGGGAGATCCCGCTCCCGCGGGACGGCGCGGACCCGGGCGCCGCCACCTCGCGGCGGTTGGAGGTGATCGCGGACTACCT

GATCGGCGCGGCCGAGGTCACGCCGCTGGTGATCGTCCTCGACGGGCTGCACCAGGCGGACCCGGGGTCGCTGCGGCTGCTGGCGCGCCTGACC

GGGTCGGTGCGGGCCAGCCGCCTCCTGGTGGCGGTGTCCTACCGCTCCAACGAGGGGGCGCACCTGGCCAGGACGGCGACGGCGCCGAGAGGAG

CGGAGACGACGCGCGTAGAGCTGGGCGGCCTGAGCGACGCGGAGACCCGGGCTCTGGCGAGCGCGCTGCTCCGCCGCGAGGTGAGCGCGGCCAC

CGCCCGGCAGTTACGGGGCCGCACCGGCGGCAACCCGTTCTACCTGCGCGAACTCGTCAAGGTACTCGACGGCCAGGACGACCCGGGCCGGGCC

CGCACGGCACCGGTGCCCGGGCCGGTGCGCGAGATGGTGCTCGGCCGCGTCGCACGACTCGCCCCGGCCGCGGGCGAGTTGCTGTCCGTCGCCG

CCGTCTCCGGTCCCGGCTTCACCGTCGACGTCGTCGCGGAGGTCTCCTCGACCGAGTACGGGCGGGCGCTCGGGATCGTCGGCACCCTGGTCGC

CGCGGGCCTGGTACGCGAGGACCAGCAGCGGCCGGGCTGGTACTCCTTCGTCCACGGCCTGACCGCCGACGTGCTGTTCCACGAGATGGGGCGG

CTGCGCCGGGTCCACCTGCTGCGCCGGGCCCGCACCGCGGCGGCCCGGCCGAGGAAGGCGCGGGAGCCCGGCGACCCCGGGTGA 

Promoter selected from RNA-seq analysis  

rvr3291 

Day 
Gene ID 3291 3295 3296 

 Median normalized RPKM 

 1  321 178 105 

 2  179 152 116 
 3  3282 175 125 

 

 

 

The rvr3291 gene has the gap of 150 bp after the upstream gene. Based on the RNA seq data at day3, the rvr3291 mRNA level was 

dramatically increased. However, the mRNA for the upstream rvr3295 gene was only modestly represented. This suggested that 
transcription of the rvr3291 gene was not controlled by the promoter of the upstream rvr3295 gene. 
 

GGGCGCCAACGGCGTCTTCAACGGCACCGTGGGCGTGGTGACCGCCCTCGACGCGGTCGAGCAGAAGCTCACGGTGCGGACTGACGAGGACGAG

GAAGTCGGATACGACTTCGACGAACTGGACGAGCTGACCCACGCCTACGCCGTCACGATCCACAGATCGCAGGGCAGCGAGTACCCGGCGGTGG

TGATCCCCGTCACTACCGGGGCTTGGATGATGCTCCAACGCAACCTGCTTTACACCGCGGTCACGAGGGCGAAACGCCTGGTCGTGCTGGTGGG

GTCGCGTCGGGCGATCGGGCAGGCCGTGCGGACGGTCTCCGCGGGTCGTCGCTTCACGGCTCTCGACCATCGGCTTGATCTGGGCGCAAAATAG

GCACTCCGTGCCACTTTTCGGCCCGATGGCCGACCCCGAGTGCACACCCCAGTGCCAAATGGGGGACAGTGGACGTAGTCAGGGCACCTCGAAG

AAGAGGCAAAACCGTCGGTGAGGGAATGACGTGAGCGACAACTCTGTAGTACTGCGGTACGGGGACGGCGAGTACAGCTACCCCGTGGTGGACA

GCACCGTCGGTGACAACGGTTTCGACATCGGCAAGCTGCGCGCCGATACCGGACTGGTCACCCTGGACAGCGGCTACGGCAACACCGCGGCGTA

CAAGTCCGCGATCACCTTCCTCGACGGTGAGCAGGGCATCCTGCGTTACCGCGGGTATCCCATCGAGCAGATCGCCGAGCGCGGCTCCTTCCTG

GAGACCGCGTACCTGCTGATCAACGGCGAGCTGCCGACCGTCGACCAGCTCTCCGCGTTCCAGGGGCAGATCACCCAGCACACGCTGCTGCACG

AGGACGTCAAACGGTTCTACGACGGCTTCCCCCGGGACGCCCACCCGATGGCGATGCTCTCCTCGGTGGTCAGCGCGCTGTCGACGTTCTACCA

GGACAGCCACAACCCCTTCGACCCCGAGCAGCGCGACCTGTCCACGATCCGGCTGCTCGCCAAGCTGCCGACGATCGCGGCGTACGCGTACAAG

AAGTCCGTCGGCCAGCCGGTGGTCTACCCGCGCAACGACCTCGGCTACGTCGAGAACTTCCTGCGGATGACCTTCTCGGTCCCGGCCGAGGAGT

ACGAACTCGACCCGGTCGTGGTCAACGCGCTGGACAAGCTGCTCATCCTGCACGCCGACCACGAGCAGAACTGTTCGACGTCCACGGTCCGGCT

GGTCGGCTCCTCGCAGGCCAACCTGTTCGCGTCGATCTCCGCCGGCATCAGCGCGCTGTGGGGGCCGCTGCACGGTGGCGCGAACCAGTCGGTG

CTGGAGATGCTGGAGCGCATCAAGGCCGAGGGCGGCGACGTCGACTCCTTCATCCGCCGGGTGAAGAACAAGGAAGACGGCGTGAAGCTCATGG

GCTTCGGGCACCGCGTCTACAAGAACTTCGACCCGCGGGCGAAGATCATCAAGGCGGCGGCGCACGACGTCCTCTCGGCGCTCGGCAAGTCGGA

CGAGCTGCTGGACATCGCGCTCAAGCTGGAGGAGCACGCGCTCAGCGACGACTACTTCGTCTCGCGCAAGCTCTACCCGAACGTGGACTTCTAC

ACCGGGCTGATCTACCGGGCGATGGGCTTCCCGACCAGCATGTTCACCGTGCTGTTCGCGCTCGGCCGGCTGCCCGGCTGGATCGCCCAGTGGC

ACGAGATGATCAAGGAGCCCGGCTCCCGCATCGGTCGGCCGCGGCAGATCTACACCGGCGTCGTCACCCGCGACTACGTCCCGGTCGAAGCCCG

4129 4127 4128 4131 4132 
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CTGA 

 

rvr3991 

Day 
Gene ID 3991  3995 3996 

 Median normalized RPKM 

1  871  142 64 

2  846  536 43 

3  714  5139 39 
 

 

The rvr3991 gene has a 320 bp gap after the upstream rvr3995 gene. Based on RNA-seq data, these genes do not appear to be coordinately 

regulated, suggesting that the rvr3991 gene is controlled independently.   
 

GCTACGGCTTCATCGCGGTCGACGGTGGTGCGGATGTCTTCGTCCACTACAGCGCGATCCAGATGGACGGGTACCGCACCCTCGAAGAAGGCCA

GCGGGTCGAGTTCGAGATCTCGCAGGGTCAGAAGGGGCCGCAGGCGGACATGGTCCGTCTCGCCGGCTGACTTCACGGCGCGTTCGACCATCGA

CGCGACCTTTCACACGGAGGAGCCGCACCCCGCCCGGGGTGCGGCTCCCTCCTTTTCCGGCGCCCCGCCGGGGCGCCCCCGACCTGCGGGGCAA

CCCTGTTCACGACCGGACCCCCGGAGCGAACCGCTTGCACTCGCAGGGGGTGAGTGCTAATCATTGGCGTTAGCACTCTCCGCGTGAGAGTGAC

AGCAGGGCCGGGTCGGTGAGGGCCGTGCGGACGTCGGGAAGGAACCGGCGGCCGGCGGGCCGTCCGTCGCGGGCACCACACGGTCCCGAGCGCA

AACAACCCAGTCCGCGGAGGACACTTCACCATGGCCAAGATCATCGCGTTCGACGAGGAGGCACGGCGCGGCCTTGAGCGCGGGATGAACCAGC

TCGCCGACGCCGTCAAGGTCACCCTGGGCCCCAAGGGCCGGAACGTGGTCCTCGAGAAGAAGTGGGGCGCTCCCACGATCACCAACGATGGTGT

GTCCATCGCCAAGGAGATCGAACTCGAGGACCCGTACGAGAAGATCGGCGCCGAGCTGGTCAAGGAAGTCGCGAAGAAGACCGACGACGTCGCC

GGTGACGGCACGACGACCGCGACCGTCCTGGCCCAGGCCCTGGTCAAGGAGGGCCTGCGCAACGTCGCCGCCGGCGCCAACCCGATGGCCCTCA

AGCGCGGGATCGAGAAGGCCGTCGAGGCCGTCTCCGCCGCGCTGCTGGAGCAGGCGAAGGACGTGGAGACCAAGGAGCAGATCGCCTCCACCGC

CTCCATCTCCGCCGCCGACACCCAGATCGGCGAGCTGATCGCCGAGGCCATGGACAAGGTCGGCAAGGAAGGCGTCATCACCGTCGAGGAGTCG

CAGACCTTCGGGCTCGAACTCGAGCTCACCGAGGGCATGCGCTTCGACAAGGGCTTCATCTCCGCCTACTTCGCCACCGACCTGGAGCGGATGG

AGGCGTCGCTGGACGACCCCTACATCCTGATCGTCAACTCCAAGGTCTCCGCGGTGAAGGACCTGCTTCCGCTGCTGGAGAAGGTCATGCAGTC

GGGCAAGCCGCTGCTGATCATCGCCGAGGACGTCGAGGGCGAGGCCCTGTCGACCCTGGTGGTCAACAAGATCCGCGGCACCTTCAAGTCCGTC

GCCGTCAAGGCCCCGGGCTTCGGTGACCGCCGCAAGGCCATGCTCGGCGACATCGCCATCCTCACCGGTGGCACCGTCATCTCCGAGGAGGTCG

GCCTCAAGCTGGAGAACGCCGGTCTCGACCTGCTCGGCCGCGCCCGCAAGGTCGTCATCACCAAGGACGAGACCACCATCGTCGACGGTGCCGG

CGACACCGAGCAGGTCGGCGGCCGGGTCAACCAGATCCGTGCCGAGATCGAGAACAGCGACTCGGACTACGACCGCGAGAAGCTCCAGGAGCGC

CTGGCGAAGCTGGCCGGCGGCGTGGCCGTCATCAAGGCCGGTGCCGCCACCGAGGTCGAGCTCAAGGAGCGCAAGCACCGCATCGAGGACGCGG

TGCGCAACGCCAAGGCCGCCGTCGAGGAGGGCATCGTCGCCGGTGGCGGCGTGGCCCTGCTCCAGGCGACCGCCGTCTTCGAGAAGCTGGAGCT

GGAGGGCGACGAGGCGACCGGTGCGGCCGCCGTCAAGATCGCCCTGGAGGCCCCGCTGAAGCAGATCGCGGTCAACGCCGGCCTTGAGGGCGGT

GTCGTGGTGGAGAAGGTGCGCAGCCTCACCCCCGGCCACGGCCTCAACGCGGCGAGCGGCGAGTACGTCGACCTGGTCGCCGAGGGCATCATCG

ACCCGGCCAAGGTGACGCGCTCCGCGCTGCAGAACGCGGCCTCCATCGCCGCGCTCTTCCTCACCACCGAGGCGGTCATCGCCGACAAGCCCGA

GAAGGCGGCCCCCGCCGCTCCGGGTGGCATGCCCGGCGGTGACATGGACTTCTGA 

 

rvr5758         

Day 
Gene ID 5756 5758 

 Median normalized RPKM 

1  220 1162 
2  134 391 

3  199 4149 

 

 

Because the gene upstream of the rvr5758 gene is oriented in the opposite direction, the rvr5758 gene must harbor its own promoter 
element. 
 

GACAGCGCCGCGACGGATGCTGCGGACCACGGCGGCGGCATCTCCTTGGGCAGGTTACGGAAGATCTTCCAGCGGCCTTACATTACCGACGCGG

TGCTCTCGGCCGCGCACCGGCCCCGCCATTAGGGCGGGTTGATTAGCGACGCGCCCGGGGCGGGGCCGGTGCGCCTTTTCCATGATCGGGCAAA

ATTCGATCTTCGGAGGGCCGGTAACCGGCCATCGGCACGAACGGCGTAGCGAGGACGCACTCCTGCAGGAGGGACGAATCGGGACGTATCGCCC

CGTGTTCGGGGCCGCCGGGGGTCGTAACGGGCACGTTTCGCCCCCGGCGCATACCCGCTCCGACCTGCGGATACCCCGCCCCGGAGGTCCCCTC

CAGCACGTTCCGGGGGCGCTTGTCAAGCCCCGAGATATGCCCTGACCTGCGGAAACGCCATTCAGAAGACGCCGTTCCCGTGTTACCCTGGATA

GCCACGGAAGGGGTACCTGTCACATGACGTTCAAGGTTGGCGACACCGTGGTCTATCCCCATCACGGGGCCGCGCTGATCGAAGCGATCGAAAT

TCGCCAGATCAAAGGCGTGGACAAGACCTACTTGGTGCTCAAGGTCGCCCAGGGCGACTTGACGGTGCGCGTGCCCGCGGACAATGCGGAGTTC

GTCGGCGTGCGCGACGTGGTCGGTCAGGACGGTTTGGACCGGGTCTTCGAGGTGCTGCGCGCGCCGTACACCGAGGAGCCCACCAACTGGTCCC

GCCGCTACAAGGCGAATCTCGAGAAGCTCGCGTCCGGCGACGTGATCAAGGTCGCGGAAGTCGTGCGCGACCTGTGGCGCCGCGAGCGCGAGCG

CGGCCTGTCGGCGGGTGAGAAGCGCATGCTCGCCAAGGCGCGACAGATCCTGGTCAGCGAACTGGCACTGGCCGAGAACACCAACGAGGACAAG

GCCGAGACGCTGCTCGACGAGGTCCTCGCGTCGTAA 

 

3990 3991 3995 3996 3988 

320 bp 

5759 5756 5758 5760 5754 

480 bp 
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rvr6185 

Day 
Gene ID 6184 6185 

 Median normalized RPKM 

1  235 31421 

2  129 1557 

3  127 25348 

 

 

Similar to the rationale give for the rvr3291 promoter, the rvr6185 and rvr6204 genes have relatively large gaps (500 bp and 550 bp) 

between themselves and their respective upstream genes, rvr6184 and rvr6203. Based on RNA-seq data, the rvr6184 and rvr6203 genes 

appear to be weakly expressed. Therefore, we designed the gap sequences upstream of the rvr6185 and rvr6204 genes as putative promoters. 
 

GTGCGCGGACCGGTACTCCGACCACGGTCTCAAGGTCCGTGTCACGGCGCCGCCGGCCTCGCAGACCACCGGCTTCTCCCGCCTGCTCGACCCG

ACCTCGTAGGCCGCCGGTCCGGCGCACCCCGGAGGCGATTTGCTCTGGGGCGGCATGTGCCCGTACCTTTACATCGAAGCCAAAGACCGCAGGT

TGTCGCCGTGCCCGGGAACGGGTGGGGCGGCCGAAGGATTCCGCTCGGTGCGGACGGCCCGCGTAGGTGATCGGAAGAAGATCTCCGGGAGTGC

GTCAAGTCCTCTCGTCGAGTTCCGCCCCGTGCGCCTGCGCCCGGGGCGTTTGTGTTCGTCGCGCCAGTCAAGTCCCCTTCGTCAACCGGGCGGT

CCGCAATCACCCGGAAGGAGGCCGAGACTCATGGCGAGGCCCGACAAGGCTGCCGCGGTTGCCGAGTTGACGGACAAGTTCCGCACCTCGAACG

CCGCGATGCTGACCGAGTACCGCGGTCTCACCGTGGCGCAGCTCAAGACGCTGCGCCGTTCGCTCGGTGAGAACGCCACGTACGCCGTGGTGAA

GAACACGCTGACCAAGATCGCGGCCAACGAGGCCGGGATCGACACGCTCGACGACCTGTTCGCAGGTCCGTCGGCCGTCGCCTTCGTGACCGGT

GACCCGGTCGAGGCGGCGAAGGGTCTGCGCGACTTCGCCAAGGACAACCCCGCTCTCGTCATCAAGGGCGGTGTCCTTGACGGCAAGGCGCTGT

CCGCCGACGAGATCAAGAAGCTTGCGGACCTCGAGTCCCGCGAGGTTCTGCTCGCCAAGCTGGCGGGCGCCATGAAGGCCAAGCAGTCCCAGGC

TGCCGCGCTCTTCCAGGCGCTCCCGTCGAAGTTCGTCCGCACCGCGGAGGCACTTCGGGCCAAGAAGGCCGAGGCGGAGCAGGGCGGTGCCGAG

TAA 

 

rvr6204 

Day 
Gene ID 6203 6204 

 Median normalized RPKM 

1  43  2102 

2  17  472 

3  16  3909 

 

 

TGTCCGTTCCCAGGCCGCGGGATGCCGCGCGGGCCGCCCGGCGCAGCCCCGTGGCGGCGGACGAAACGGGACGTCTCGCGCACCGCGACCGGTG

CGGGCGGCCCGGGTTTGGCGAACGGCCGCCAAAGGGTAGGCTTTCCCGCTCGATTGGCCACGGCCATGTCCCCTATGGCACACTGTCCAAGTTG

CTCGGTCGAGCGCCGATGCTGCGCGCCTCCCGTCGGGGGGACCGGAAGCGAGTCCCACAGTACTCGTCGTCCATATCTGCCCTCCGGGCAGCAC

TGGGACGGACGTACGGGAATCTTCCGGGAAGTGTCAGCGCGGCTCCGACCAGGCATCCGGTGGGTGGTATCTCCCACGCAAATCCCTGTCGCAG

GGCCTTTCCGCATGCGGAAAGGCATGTGCGAGGGAGGCGACACGCCCGACCGCGTGGGTCGGACAAGCGGATGCCAGAGCGTAAACAGAGACAA

GGACTACGGAGTAGCCATGGCGGGACAGAAGATCCGCATCCGGCTCAAGGCCTACGACCACGAGGTCATCGACTCCTCGGCGAAGAAGATCGTC

GAGACGGTGACCCGTACTGGTGCGCAGGTCGCGGGCCCGGTGCCGCTGCCCACTGAGAAGAACGTGTACTGCGTCATCAAGTCGCCGCACAAGT

ACAAGGACTCGCGCGAGCACTTCGAGATGCGCACGCACAAGCGCCTGATCGACATCCTCGACCCGACGCCCAAGACCGTTGACTCGTTGATGCG

CCTGGACCTGCCGGCCGGCGTCGACATCGAGATCAAGCTCTGA 

 

 

 

 

 

 

 

 

Promoter screening  based on 2-D gel electrophoresis analysis  

rvr1215 

6184 6185 6186 6182 

500 bp 

6204 6205 6207 6209 6203 6202 

550 bp 
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CGACCTCGGGGTGCCCGACGAGCAGTCTGAGCACCTCCCCGCCGGCGTACCCGCTGGCTCCGGCCACCGCCACCCGTACCGTCATCGGCTCCTC

CTTCGACGGCATGACTATACGGACAGACGCGTTTTTATGCAATGACGATCGCAGCAGGTCACCGCCCCGGGCGGTTCCCGGCGCCGTCGGCGGT

CGTCGCCGGCGGGGCGGACGGGGCGCCGAAACCGGGGGCTTGTTCGAGGACGACCCGGCAACGGGATATCTTGATATCAAGCAATGTTGGAGAC

TGGAACGGAGAGCAACCGGTGGCTGACTCGACCATCATCTACACGCACACCGACGAGGCCCCGGCCCTGGCGACGTACTCGTTCTTGCCCGTGA

TCCAGGCGTACGCCTCGACCGCCGGGGTCACCGTCGAGAGCCGGGACATCTCGCTGGCGGGTCGGATCATCGCCGGCTTCCCGGAGTACCTGGA

GGAGGGCCAGCGGATCGACGACGCGCTGGCCGAGCTGGGCGAGCTGGCCCAGCGGCCCGAGGCGAACATCATCAAGCTGCCGAACATCTCCGCC

TCGATCCCGCAGCTCAAGGCGGCCGTCGCCGAGCTGCGCGAGCAGGGCTACGCGCTGCCGGACTACCCGGACGACCCGAAGACCGACGAGGAGC

GCGACATCCGCGCCCGCTACGACAAGGTCAAGGGCAGCGCGGTGAACCCGGTGCTGCGCGAGGGCAACTCCGACCGCCGGGCCGCCGCCGCGGT

GAAGAACTACGCCAAGGCCCACCCGCACCGCATGGGCGCCTGGTCGGCCGACTCGAAGACGAACGTGGCGACGATGGGCGCCGACGACTTCCGC

TCCACCGAGAAGTCCGCGGTGATCTCCGAGGCGGGCAGCCTGCGGATCGAGCTGCACGGCGACGACGGCAGCACCAGCGTGCTGCGCGAGTCGG

TGCCGGTGCAGGTCGGCGAGGTCGTGGACGCGTCGGTGCTGCGGGTCGGCGCGCTGCGCGAGTTCCTCACCGCGCAGGTGGCCCGGGCGAAGGC

CGAGGGCATCCTGTTCTCGGTGCACCTCAAGGCGACCATGATGAAGGTCTCCGACCCGATCATCTTCGGCCACGCGGTGCGCGCCTTCTTCCCG

AACACCTTCGCCGAGTACGGCGCCGCGCTCGCCGCCGCCGGGCTGACCCCCAACGACGGCCTGGGCGCGCTCCTGTCCGGCGTGGAGAAGCTGC

CGGAGGGCGACGCGATCAAGGCGTCCTTCACCGCGGAGCTGGCCGACGGCCCGGCGCTGGCGATGGTCGACTCCGACCGCGGCATCACCAACCT

GCACGTGCCCAGCGACGTCATCGTGGACGCCTCGATGCCCGCGATGATCCGCACCTCCGGCCACATGTGGGGCCCGGACGGCAACGAGGCCGAC

ACCCTCGCGGTGCTGCCCGACAGCAGCTACGCGGGCGTCTACCAGGTCGTGCTGGACGACTGCCGCGCGCACGGCGCCTACGACCCGGCCACCA

TGGGCTCGGTGCCCAACGTCGGCCTGATGGCGCAGAAGGCCGAGGAGTACGGCAGCCACGACAAGACCTTCGAGATCGCCGCCACCGGTACGGT

CCGGGTGGTCGACGGCAACGGCACCGCGGTGCTGGAGCAGGCGGTCTCGGCCGGCGACATCTTCCGGATGTGCCAGACCAAGGACCTGCCGATC

CGCGACTGGGTGAAGCTCGCGGTCACCCGTGCCCGCCTCACCGGCGACCCGGCCGTCTTCTGGCTGGACGCCGACCGCGCCCACGACGCGGCGC

TGATCGCCAAGGTCGAGGCGTACCTGCCCGAGCACGACACCGAGGGCCTGGACATCCGGGTGCTGTCCCCGGTCGAGGCGACGAAGCTGTCGCT

GGAGCGCATCCGCCGCGGCGAGAACACCATCTCCGTGACCGGCAACGTGCTGCGCGACTACCTCACCGACCTGTTCCCGATCCTGGAGCTGGGC

ACCAGCGCCAAGATGCTGTCGGTGGTGCCGCTGATCAACGGCGGCGGCCTCTTCGAGACGGGCGCGGGCGGTTCCGCGCCCAAGCACGTGCAGC

AGCTCGTCAAGGAGGACTACCTGCGCTGGGACAGCCTCGGCGAGTTCCTGGCGCTCGCGGTGAGCTTCGAGCACCTCGCGCAGACCACCGGGAA

CGCGCGGGCGCAGGTCCTCGCCGACACCCTGGACCGCGCCACCGGCACCTTCCTCAACGAGGACAAGTCGCCGTCGCGCCGGGTCGGCGGGATC

GACAACCGCGGCAGCCACTTCTACCTGGCGCTGTACTGGGCCCAGGAGCTGGCCGGCCAGTCCGACGACGCGCAGCTCGCGGAGGCGTTCGGGC

CGCTGGCGAAGACGCTGACGGAGCAGGAGGAGACGATCGTCGCCGAACTGGTCGCCGTCCAGGGCTCGCCGGCGGACATCGGCGGCTACTACCA

GCCCGACCCGGCGAAGGCGAAGGCCGTCATGCGGCCGTCGGCCACCTTCAACGCGGCCGTCTCGTCGCTCGGTT 

 
 

rvr1226 

 

GGCCGCGCCGGATCGGCGGTGGCGGGCGCGGCGGACGCGGCGGCTTGTGCGGTGCCGGCCGCGGCGGCCGCGGCGGCCGCGGCCAGCGTTCCGG

CGGCCGCCACGGTGAACGTCCTGCGGGAGAGTGGGTCCATGCCGTCCTCCTGATCTACCGTCCAGATCCGCCGATGATGGTGGTCCCGGTCGGT

GGCGGCAACCGCCGAATGGTCCAGTCCACCGCAATCACCGGGTGCGGGGCCCGCGGGTCCTGCTGGGCGGTAACGTCTGTCCGGTACGCGATCA

GGTACGAGCCAGGGCACGGCAAGCAGCGTCGGGGCCGGACACGGCCGGCGGTCGGGAGGCGGACGAGTGAGTGACATCCAGCGCGTCGGAGTGG

TGGGCGCGGGCCAGATGGGTTCGGGCATCGCCGAGGTGTGCGCGAAGGCCGGGCTCGACGTCCGGGTCGCCGAGACCACCGGCGAGGCACTGGA

GCTGGGCCGCGCCCGGCTGGCGAACTCCCTCGGCAAGGCGGCCGAGCGCGGCAAGCTCACCGAGGAGGAGCGGGACGCGGCCCTGCACCGGCTC

AGCTACACCACCGACCTCGCCGATCTCGCCGACCGGGACCTCGTGATCGAGGCGGTGGTGGAGGACGAGCAGGTGAAGCTGGGCATCTTCAAGA

CGCTCGACCAGGTGGTCACCCGTCCCGACGCCATCCTCGCGTCCAACACCTCCTCCATCCCGCTGGTCCGGCTCGCGGTGGCCACCTCCCGCCC

CGACCAGGTGGTCGGCATCCACTTCTTCAACCCGGCCCCCGTGCAGCGGCTGGTCGAGGTGATCCCCGCGCTCACCACCGGCAGCGAGACCCTC

AAGCGCGCGGAGGAGTTGGTCACCGACGTCCTCGGCAAGCACCCGATCCGCGCGCAGGACCGCTCCGGCTTCGTGGTCAACGCCCTCCTGGTGC

CCTACCTGCTCTCGGCGATCCGCATGTACGAGTCCGGCATCGCCACCCGGGAGGACATCGACAACGGCATGGAGCTGGGCTGCGCCCACCCGAT

GGGCCCGCTCAAGCTCTCCGACCTGATCGGCCTGGACACGGTGGCCGCCATCGCGGACTCGATGTACTCGGAGTACAAGGAGCCGCTGTACGCG

GCTCCGCCGATCCTCCAGCGGATGGTGGACGCGGGCCGCCTCGGCCGCAAGTCCGCCGCGGGCTTCTACACGTACTGA 

 

 

 

 

 

 

 

 

 

rvr2030 Case I  

For rvr2030 gene expression, a putative promoter region in the cording region of RVR2028 gene was 

tested. 

Day 
Gene ID 2027 2028 2030 

 Median normalized RPKM 

1  148 144 146 

1215 1213 1219 1212 1211 

200 bp 

1226 1225 1222 1228 1229 

200 bp 



13 

 

2  109 103 131 

3  269 124 197 

 

 

AGAGCGTGCTGCCGTCCACGGTGAAGGCGCGGGTCGCGGTCGAGGCCGGCATCGCCCTCACCTGGTACCGGTACGTCGGGGACGCCGGCCGGAT

CGTCAGCATCGAGCACTACGGTGCCTCGGCCGACGGCAAGCTGCTCTTCCGCGAGTTCGGTTTCACCGCCGAGGCCGTGGCCGCCGCGGCCCGG

GAATCTCTGGCCGCCGCAGACCGCTGACGCTGGTACACGACATTTCAGGAGATGCAGATCCCATGACAGACGCACTCAAGCGCCTCTCCGACGA

AGGCGTCGCGATCTGGTTGGACGACCTGTCGCGCAAGCGCATCACGTCCGGCAACCTGGCCGAACTCATCGACCAGCAGCACGTGGTGGGCGTG

ACCACCAACCCGTCGATCTTCCAGAAGGCCATCTCCGAGGGCGATGGATACGAAGGTCAGCTCAAGGACCTCGCGGCGCGCCGGCTGACGGTCG

AGGAGGCGCTGCGGATGATCACCACCGCGGACGTCCGCGACGCGGCCGACATCCTGCGCCCGGTCTACGAGGCGAGCGACCACCAGGACGGCCG

GGTCTCCATCGAGGTGGACCCGCGGCTGGCGCACGAGACGGTGGCGACGGTCGCCGAGGCCAAGCAACTGGCCTGGCTGGTGGACCGCCCGAAC

ACGCTGATCAAGATCCCGGCGACCGAGGCCGGCCTGCCCGCGATCACCGAGGTGATCGGCAAGGGCATCAGCGTCAACGTCACGCTGATCTTCT

CGCTGGAGCGGTACCGCGCGGTGATGGACGCGTACCTGTCCGGCCTGGAGAAGGCGAAGGCGGCGGGCCTGGACCTGTCCGAGATCCACTCGGT

CGCGTCGTTCTTCGTCTCCCGCGTGGACACCGAGATCGACAAGCGGCTGGAGAAGATCGGCTCCGACCAGGCCAAGGCCCTGAAGGGCAAGGCC

GCGGTGGCCAACGCCCGGCTGGCCTACCAGGCGTACGAAGAGGTCTTCGGCTCCGACCGCTGGACGGCGCTGGAGCGGGCCGGTGCCAACAAGC

AGCGGCCGCTGTGGGCCTCCACCGGCGTGAAGGACCCGGCCTACCCCGACACCCTGTACGTCACGGAGCTGGTCGCGCCGAACACGGTGAACAC

CATGCCCGAGGCCACCCTCCAGGCGACCGGGGACCACGGCGAGGTCACCGGCGACACCATCCGGTCCGGTTACGCGCAGGCGCAGGCGGACATC

GACGCGCTGGCCGGCGTCGGCGTGTCGTACGACGACGTGGTGCGGGTGCTGGAGGACGAGGGCGTGAGCAAGTTCGAGGCGTCCTGGAACGAAC

TGCTGGACTCCACCAAGGCCGAACTCGAGCGGCTCGCCCCCTCGGAGGCGTGA 

rvr2030 Case II 

For rvr2030 gene expression, a putative promoter region in the upstream of RVR2028 gene was tested. 

Day 
Gene ID 2027 2028 2030 

 Median normalized RPKM 

1  148 144 146 

2  109 103 131 

3  269 124 197 

 

 

AGGTAGCCGCCGACCACGGTCGCCACCACCCGCCACAGGCTGGGCACGCCGCCGGCCGCGAGGAACATCACCGGAACGGTCGTGATGAGCAGCA

GTTCGATGATGCGCGGCTTGGTCAGCTCCACGAACGCCATGACCCGGGCGCGCGGCGGCCGGTGCCCGGAGTTCGTCTGTCCCGAGCCCGTCCC

GATGACCCCGGCGGGTCGGGATTCGACGGCTGTCACGAACACCCCACGAGAGATGAGACCAGCAGGGCCCGGCTGCCTGCCCTCCGCGATGCGG

CGGCGGACCACGGTCCCTGCGCGTACCACGCCACTCTAGACGTAGGGAACACCCGGCTTTCCGCCGGGGTGCCCGCGGGCGGGGCGTGTCCTCG

CGCGTCCGGGGGGTACGCGGTTGTCCACAGAAGCAGCAGCGTGGTCGAAGGCTCGTGCGGCTGCGGCGGTAGGCTCGGCAACGTCGGATAGGCA

CCAGTCACCGGCGCTTTTCAACTTATGTGGAGAGGAGCCCTGACCCAGGGTGAGCAAGCAGCCGACGACCACAGACCTCGAGTGGACCGATCTG

GACGAGCGGGCCGTGGACACCGCCCGAGTTCTCGCCATGGATGCCGTGCAGAAGGTCGGCAACGGCCATCCGGGCACGGCCATGAGCCTGGCTC

CAGCGGCCTACCTGCTGTTCCAGAAGATCATGCGGCACGACCCGGCGAACGCGGACTGGACCGGCCGCGACCGCTTCGTGCTGTCCGCCGGCCA

CTCCAGCATGACCCTCTACACGCAGCTCTACCTCGCCGGTTACGGCCTGGAGCTGGCCGACCTGGAGGCTCTGCGCACCTGGGGCTCCAAGACC

CCCGGCCACCCGGAGTACGGCCACACCCGCGGTGTGGAGACCACCACCGGCCCGCTCGGCCAGGGCGTGGCCAACGCGGTGGGCATGGCCATGG

CCGCGCGGTACGAACGCGGCCTCTTCGACCCGGACGCGGCGCCCGGCACCTCCCCCTTCGACCACACCGTCTGGGCGATCGCCGGCGACGGCTG

CCTCCAGGAGGGCATCTCCGCCGAGGCGTCCTCGATGGCCGGCCACCAGAAGCTCGGCAACCTGGTGCTGCTGTGGGACGACAACCACATCTCC

ATCGAGGGCGACACCGAGACCGCCGTCTCCGAGGACACCGTCAAGCGGTACGAGGCGTACGGCTGGCACGTCCAGCGCGTCGCCCCGAAGGAGA

ACGGCGACCTCGACGTGCACGCGCTGCACGCCGCGCTGCTGGCGGCCAGGGCCGAGACCGAGCGGCCGTCGTTCGTCGCGGTCCGCTCGATCAT

CGGCTGGCCCGCGCCGAACAAGCAGAACACCGGCGCCGCGCACGGCTCGGCCCTCGGTGAGGACGAGGTGCGCGCCACCAAGGAGGTGCTCGGC

TTCGACCCCGAGCGGCACTTCGAGGTGTCCGACGCCGTCATCACGCACACCCGCGCCGTCGGCGACCGCGGCCGGGACGCCCGGGCGCGGTGGG

AGAAGTCCTTCGCCGCCTGGCGCACCGCGAACCCGCAGCACGCCGAGCTGTTCGACCGTGTGGAGGCGGCCGAGCTGCCGGAGGGCTGGCAGGA

GCGGCTGCCGCAGTTCGAGGTCGGCGCCTCGCTGGCCACCCGCGCGGCCTCCGGCAAGGTCCTGGAGGCGCTGGGCGAGGTCATCCCCGAGCTG

TGGGGCGGCTCCGCGGACCTCGCCGGGTCGAACAACACCACGATCGACAAGAACTCGTCGTTCCTCCCGGCCGGCAACCCGCTGCCCGGCGCCG

ACCCGTACGGCCGGACCGTGCACTTCGGCATCCGCGAGCACTCCATGGCCGCGGAGATGAACGGCATCACCCTGCACGGCAACACCCGGGTCTA

CGGCGGCACCTTCCTGGTGTTCTCCGACTACATGCGCAACGCGGTCCGGCTGTCCGCGCTGATGCACCTGCCGGTGACGTACGTGTGGACGCAC

GACTCGATCGGCGTCGGCGAGGACGGCCCGACCCACCAGCCGATCGAGCACCTGGCCTCGCTGCGCGCCATCCCGGGGCTGAACGTGGTGCGCC

CCGCCGATGCCAACGAGACGGCGATCGCCTGGCGCGAGATCCAGAAGCGCTGGACGAAGGAGATCGGCAAGGGCGCCCCGCACGGCCTGGCGCT

GACCCGGCAGGGCGTGCCGACCTACCCGGTCCACGAGGAGGCCGCCCGCGGCGGTTACGTGCTGTTCGAGGCCGAGGGCGGCCCGGCGCAGGTC

GTCCTCATCGGCACCGGTTCCGAGGTGCAGCTCGCCGTGGGCGCGCGCGAGGAGCTCCAGGCGGCCGGCATCCCGACCCGGGTGGTCTCGATGC

CGTGCGTGGAGTGGTTCGAGGAGCAGGACGAGGCCTACCGCGAGAGCGTGCTGCCGTCCACGGTGAAGGCGCGGGTCGCGGTCGAGGCCGGCAT

CGCCCTCACCTGGTACCGGTACGTCGGGGACGCCGGCCGGATCGTCAGCATCGAGCACTACGGTGCCTCGGCCGACGGCAAGCTGCTCTTCCGC

GAGTTCGGTTTCACCGCCGAGGCCGTGGCCGCCGCGGCCCGGGAATCTCTGGCCGCCGCAGACCGCTGA 

2030 2028 2031 2032 2027 2033 

50 bp 

2030 2028 2031 2027 

300 bp 

2026 



14 

 

2133 2132 2134 2136 

500 bp 

rvr2133 
 

Day 
Gene ID 2133 2134 2136 

 Median normalized *RPKM 

1  1278 129 142 

2  287 92 118 

3  924 173 244 

 

 

CTTGGAGCGGTCGGCGCCCCCTTCTCCATTACCGGGCCCCGCGGGACGATCCGTCCGCGGGGCCCGTCGGTTTTCGGTCAGTGGCGGAAACGTC

GAACCCTCGCTATTAACACTCTGTTACCTGCCTGCAATACCCAATCGGTGGCCCCGGCGCGCCCGCCGCCGCCCTGGGCGGACGCCCCCGTATT

CCCATTCCGGTGATCTTGTCCGAAATGGCGGTGTACCGCCGCCGGCAGCCGGCCGCGCCCACTGGAAGTGCGGGTTCTCATCATGCGGACCCCG

CTCAAAGCGCCCAAACGGCACGGCAAACCTCAGGGGAAGCTCAAGAAAGGACGATTGGCATAACAAGACAGTCACACTCTTCGCCTTACCGCTC

CCCGACGCCGCACGACGCGCCTAGAGTCACGGCCAGTCACCGCGCTTCCGAATTAGCGATCGGACTTCCGCGCGCGACTTCGGCCGTCCACGAG

GACCGGTCGAGCCAGGGGAAAGGACCGCTTGTGCGACACCGCTCTTTGCTGCTGCTCACGTCCGTAATGACCACAGGAGCCCTCACACTGACCG

CTTGCGGCTCGCGCAGCGACGACAGCAAGAAGAGCAGTGGCGACGACGGCGGTGGCAGCAACATCACGCTCACCATCGGCGTCGACGCGCCACT

GACCGGCCAGAACTCCGCCACCGGCCTCGGCCTGCAGTACGGCACGCAGCTCGCGGTGGACGACGCCAACGCCAACAAGCTCGTGCCCGGCGTG

ACCTTCAAGGTCAAGGCGCTCGACGACAAGGCGCTGCCGGCCACCGGCCAGCAGAACGCCACCGCGCTGGTGCAGGACAGCAACGTCATCGGCG

CCGTCGGCCCGCTCAACTCCGGTGTGGCCGAATCGATGCAGCAGGTCTTCGCCACCGCCAACATGGTGGAGATCTCGCCGGCCAACACCAACCC

CGACCTCACCCAGGGCAAGGACTGGGCGACCGGCAAGAAGGTCCGCCCCTTCAAGACCTACTTCCGCACCGCCACCACCGACGCCAACCAGGGC

GGCTTCGCGGCGGACTACGCCTACAACACCCTGAAGAAGAAGGACGTCTTCGTCGTCGACGACAAGCAGGCGTACGGCGCCGGCCTGGCCTCGA

TCTTCAAGAGCAAGTTCGCCTCCCTGGGCGGCAAGATCGCCGGCACCGACCACGTCAACACCGGCGACACCGACTACTCGGCCCTCGTCACCAA

GATCAAGCAGTCGCACGCCGACATGCTCTACTACGGCGGCCAGTACGACGAGTCCGAGCTGATCACCAAGCAGCTCAAGGCCGGCGGCGTGAAC

ATCCCGCTCATGGGCGGCGACGGCATGTACTCCGACACGTACATCAAGACCGCGGGCGCCGCCGCCACCGGCGACCTCGCCACCTCCGTCGGCG

TGCCCGTCGACACCCTCCCGGCCGCCCAGAACTTCATCAAGGCGTACAAGGCCAAGAAGTACCCCGGTGACTACGGCACCTACGGCGGCTACTC

CTACGACGCCGCCACCGCCATCATCAAGGCCGTCGGGGCCGTCATGGACGCCAACGGCGGCAAGCTGCCGTCCATGAACGACGCCCGCTCCAAG

GTCGTGGACGCCGTCCAGAAGACCGACTTCGACGGCATCGCCGGCCACGTCGCCTTCGACCAGTACGGCGACACCACCAACAAGCAGCTGACCG

TCTACCAGGTCAAGAACGGCAAGTGGACCGCTGTGAAGAGCGGCGTCTACACGGGCTGA 

rvr2353 

Day 
Gene ID 2352 2353 

 Median normalized RPKM 

1  134 904 

2  115 168 
3  65 1495 

 

 

CACCTGGACATCGCGGGCCCGGCCTTCCACGAGGGCGCGCCGTTCGGCTACACCCCCAAGGGCGGCACCGGCAGCGCGGTGCGCACCCTGGTCG

GCCTGGCCCGCACCGCCGCCGAGGGCGACCTCTTCTGACCGGCGGCCCCTGCCCGCGCCGGGCGGGGCCGCGGCGAGATCCGTCGCGTGAGTTA

CCTCACACGCGGCCCCGGGTGGAGCACCCGGGGCCGCACGTCGTCGTACCTGCTACGTCACACCGCCCGGCCCGATGCCTCACCGGCCGCCGAC

AAGTGCGAAGATGTGGGTCGGCACGACAGGGCCCCCTTTGAGACAAAGCGGCCGAACCAAAGCCGCCGTCCGGTCTAGGTGGACCGGCTCCGGC

GAACCCATGCATGGAGGACGTGACGTGGCGAACGACGCCAGCACTGTTTTCGACCTAGTGATCCTCGGCGGTGGCAGTGGCGGTTACGCGGCTG

CCCTGCGTGCCGCACAGCTTGGACTCGACGTCGCCCTGATCGAGAAGAACAAGCTCGGGGGCACCTGTCTGCACCAGGGTTGCATCCCCACCAA

GGCGCTGCTGCACGCGGGGGAGATCGCCGACCAGGCCCGCGAGAGCGAGCAGTTCGGTGTGCGCGCGACCTTCGAGGGCATCGACATCGCGGCC

GTCCACAAGTACAAGGACGACGTGATCTCCGGCCTCTACAAGGGCCTGCAGGGCCTCGTGGCCTCGCGCAAGGTGACGTACATCGAGGGTGAGG

GCCGGCTGTCCTCCCCCACCTCCGTCGACGTGAACGGCCAGCGCATCCAGGGCCGGCACATCGTGCTGGCCACCGGGTCCGTACCGCGCTCGCT

GCCGGGCCTGACCATCGACGGCAACCGGATCATCTCCTCCGACCACGCCCTGGTCCTGGACCGGGTGCCGCAGTCGGCGATCATCCTGGGCGGC

GGCGTGATCGGCGTCGAGTTCGCCTCGGCGTGGAAGTCCTTCGGCACCGACGTGACGATCGTCGAGGGCCTGCCCCACCTCGTGCCGGTCGAGG

ACGAGAACAGCTCGAAGCTGCTGGAGCGGGCCTTCCGCAAGCGCGGCATCAAGTTCAACCTGGGCACCTTCTTCCAGGGCGCCGAGTACACCGA

CAACGGCGTCAAGGTCACCCTGGCCGACGGCAAGACCTTCGAGGCGGAGGTGCTGCTGGTCGCCATCGGCCGCGGCCCGGTCTCGCAGAACCTC

GGCTACGAGGAGCAGGGCGTCGCGATGGACCGCGGCTTCGTGCTGGTCGACGAGTACATGCGCACCAACGTGCCGACCGTCTCCGCGGTCGGCG

ACCTGGTGCCCACCCTCCAGCTCGCGCACGTCGGCTTCGCCGAGGGCATCCTCGTCGCCGAGCGGGTGGCCGGCCTCAAGCCGGTGCCGATCGA

CTACGACGGCGTGCCGCGCGTGACCTACTGCCACCCCGAGGTCGCCTCCATGGGCCTCAGCGAGGCGAAGGCCAAGGAGGTGTACGGCGCGGAC

AAGGTCGTCACGCTCAAGTACAACCTGGCCGGCAACGGCAAGAGCAAAATCCTCAAGACCTCGGGCGAGGTCAAGCTCGTCCAGGTGCGCGACG

GCGCCGTCGTGGGTGTCCACATGGTCGGCGACCGGATGGGCGAGCAGGTCGGCGAGGCGCAGCTCATCTACAACTGGGAGGCGCTGCCCGCCGA

GGTCGCGCAGCTCATCCACGCCCACCCGACGCAGAGCGAGGCTCTCGGCGAGGCGCACCTGGCGCTCGCCGGCAAGCCCCTGCACTCGCACGAC

TGA 

rvr2436  

Day 
Gene ID 2436 2437 

 Median normalized RPKM 

1  210 106 

2  131 89 

2353 2352 2351 2354 

300 bp 



15 

 

3  274 147 

 

CGGAGATGATCCAGGAAGTGCTGGACGTCCTTGCCGAACTCGCCGCCGAGGGCATGACCATGATCGTGGTAACCCACGAGATGGGCTTCGCCCG

CAAGGTCGCCGACCGCGTGGTCTTCATGGACGGCGGCCGCATCCTCACCTCTGCTCCACCGATCGACTTCTTCGCCGACCCCGGCCACGAGCGC

GCCGGCGACTTCCTGGCCAAGGTGCTCCAGCACTGAGGCGCTGGAATGCCCGGTCAGTCGCGCCGCGTTGACCCGCACTTCGGCTCCCACCCAT

TCGAGCCGGACCCGAGCCCTCACTGGACCCCGCACACGGAGAGAAACGCAGGCGCCAACGCCCTTCGCCCCCGGAACGGGGCCGACAGGACCCG

CACCCACACCCGCCGTACGCCGTCACGCTCGCGCGACGGCCCCGCATCCCAGCACCGCGCCTCCGGAGGGCGCGGAGCTGTCCTGCGAGGGGCC

GACGCAGCACATCAGACAAGGAATCCGCGTATGCACGCCCTCTCGTCCCCTTCGTTCCCCTTCCGCCGCAGAGCGCTGGCCGCCGGTGCCCTCG

CAACCGCGGCCCTGCTGGCCACCGGCTGCTCCTCCAACGGTTCCTCCAGTTCGTCGGTGCCAGGCGGTGGCGGAGCCAAGGCCGCGGTCAAGAG

CGACTCCGACACGGTCGCGAACCTCATCGCCGACGAGCAGCCGGCCACCGGCATCAAGCCCGGTTCCACCGCTGCGAAGATCAAGGCGAGCGGC

ACACTGCGGGTGGGCGGTACCCAGACCGCTGCCCTGTTTTCCCTGCTCGACCCCACGACGGGTAAGACGGAGGGCTTCGACGCGGCGATGTCGC

AGCTGCTGGCCAAGTACATCATCGGCAAGCCGTCGACCCATCTGACGAACGTCACCTCGCAGACCCGTGAGGCGCTGTTGAAGGCGCATCAGGT

CGACGCTGTGTTCGCCACGTACACGATCACGCCCGAGCGGGCAAAGCAGGTCGCTTTCGCCGGTCCGTACTACGAGGACGGCCTGGCCATCGAG

GTCCGCAAGGGCACCACCGGCATCTCCTCGTTCGCCGATCTGAACGGCAAGACCGTGGTGACGGAATCCGGGTCCACGGTGCCCACGGCGGTCA

AGGCGGCCGCGCCGAAGACGAGGATCCAGCTGTTCGACACGAACACCGAGTGCCTCCAGGCGCTCAGCCAGCATCGCGCCGACGCCTACGTTCT

GGATCAGGGCATCCTCGCCGGAAACGCGGTCACCAACAAGGACGTCCAGGTCCTGCCGGGCACGTTCACCAAGGAGCCGTACGGCATCGGCGTC

CCGCTGGACCAGCCGGACTTCAAGGCGTTCGTGGACGCCTGGCTGACTAAGGTTGAGGCGGACGGCACCTGGGCGAAGGTGTGGAAGGCCACCG

TGGGCACCGAGGTACCCGGCCCGGTCCCGACCCCGCCGGCCGTGGACTGA 

rvr3032 

Day 
Gene ID 3031 3032 

 Median normalized RPKM 

1  96 198 

2  132 214 

3  85 435 
 

AAGTGCCGTGCGAGGTGGGCGCGTTCGGGGCGCGGCCGATTCCGGTGGCGGCCCCCGACGAGCACCAGGCCGGGCTGATGCTGGCGCTGAAGTC

GGTGGAACGGGCGGCGATCGAGGCGGCCACCACCGGTTCACGGGCGGCGGCGCTGCGCGCGCTGGTCCGGCATCCGCTGGTGGACTCCGCGGCG

GCGGCGAGCCGCATCCTCACCGCCGCGAAGTGGTGAGCGCCGCCCGGCGACACCGGCCCGCCCGGCACCGGCCCGCGCGGCCCTGAACTGCGGG

TTAACCGCACCGAAACCGCCGGTGGACCCAGCCGGGTACCGCCACGCGCGTAGACGGCTCTTGACCTGCTCGGATGGCGGGGTCTACATTCCGC

CGCACCACCGAGCTTGAAGGAGCACCGCCATGCCCCGTGCCCGACTGTCCCTGCGTACCCGCGCGCTGGCCGTCACCGCCACCGCGGTCACGCT

GGGCGCCACGATCTACGGCGTCGGCGTCGCCACCGCGGACAACTCCGTGCCGCGCAGCGACAAGCAGATCCCCAACCTCACCAACGTCGTCAGC

GAGATCAAGGCGTACTACGGCGACACCGTGGACGCGTCGGGCGAGCACCAGGCGTCGCCGACCAGCAACTACGCCAAGCAGGTCGCCGGGATCG

AGGCGAAGGCGAAGTCCTACCTGGCACAGGCGGCGGCCACCGGCGGCCACGGCAAGGGCCACGGCAAGAGCGGCAAGCCCGCGATCGTGCTCGA

CGTGGACGACACCAGCCTGCTGACGTACAACTACGAGCTGGAGGTGGGCTTCAACTACACCCCGGCGAGCAACCAGACGTACCTGGACACCAAG

AACATGCCTCCGGTCTTCGGCGTGGACACCCTGGTCAACTGGGCCGCCTCGAAGGGCATCACGGTCTTCTGGATCACCGGCCGCCCGGAGGCGC

AGCGCGCCGACACCACGCGGAACCTGACCGCCGAGGGCTTCAAGGCGCCGTCCGACACCGCGCACCTGTACCTGAAGAACACGGCCACGCCGCC

GTCCTACCTGTCCTGCGGCGCGACCTGCACCACGGTGGAGTACAAGTCCGGCACCCGGGCGCACATCGAGTCGCTGGGCTACGACATCGTCGGC

AACTTCGGCGACCAGTACAGCGACCTGGAGGGCGGCCACGCGGACCGCTCGTTCAAGCTGCCGAACCCGATGTACTACCTGCCGTAG 

 

2437 2436 2433 2434 2438 

300 bp 

3032 3031 3033 3036 3034 3029 

200 bp 



16 

 

rvr3087 
 

 

GCCACCCGCACCCCCTGGGGGCTTCCGGGGCGGACGTCGGGGTGGGAGCACCCGGGGGCAGGGGCCACGTGGCCGGAGGGCGGGACCTGTTCGC

GGTGGACGCGGACCGGGTCCCGCCCTCCGCGTTTCCGGCCGGCCGCCAGGTCCATCCGGGTACATGCCGTCAGCGGTGGTCGCGTGTCCGGCGT

TTGACGGGGCGTGGAGCGAGCAACATCAGGTCGTCGGCGAGCGTCGCACGACATCACGTCCTGTGGGAGCCGCCCGCCTGTGTACCCCGCCCGC

GAACTCACCGGCGCCTACCATTCCTTGACCTTCTCTTGGGATAATCATATCCCTGGCATGAACTGATCAGCGAAAGAGTGTCGCTCTGCGGAGA

GCCGCGCACGCATAGCGGCGACACCGCCTGGATGCGACAACCATTCGCTGCGTATGGGGGTTTCATGAGATTCGAGCGCAAGAGAACGCGCGCG

GCACTGGCGTGGCGGCGGCGCTGCCGCTGGTCGCCGGCGCCCTCGCGCTGGGCGCCCAGAGCGCCACGGCCGCACAGCCCGCCGGCCGGCAACT

CCTGAGCGGCACCAAGCCGCAGTGGGCCACCGCCGGTTCGGACAAGGGCGCCACGTCCGACAGCGGCAAGGTCACGGTACGGGTCTACCTGGCC

GGCAAGGACGCCGCGGGGCTCGCCGCCTACGCGCAGGCCGTCTCGGACCCGAACTCCACCGAGTACGCGCACTACCTGACGCCCGCCCAGGTCC

AGGCCCGGTTCGGCGCCACCACGGCGCAGACCGGGGCGATCACCGACTGGCTGACCTCGGCCGGCCTGAAGGTGACCGGGACCAACGCCCACTA

CCTGACCGTCACCGGTGAGGTGAAGGCGGCGGAGAAGGCGTTCGGCACCCAGCTGCACAACTACACCAAGAGCGGCCACACCTACCGCGCGCCC

ACCACGACGGCGTCCGCGCCCGCGTCGCTCAAGGGAGCCGTCCTGACCGTCACCGGTCTGGACAACGCCCCCAAGCAGGCCAGCCACGACGACA

CGCTGCCTCCCCCGGAGGACGCCTTCGTCAACGCCGGCCCGTTCTCGACCTACTACGGGTCGAACACCGACAAGAAGCTTCCCTCGGCGTACGG

CGGCAAGGCCCCGTACACGATCCAGGGCTACACCGGTGAGCAGCTGCGCGCCGCCTACGGCGCCGGCACCTACACCGGCAAGGGCGTCACCGTC

GCGATCACCGACGCGTACGCCTCCCCGACCATCGTCGGCGACAGCGCCAAGCTGGCGAAGGACACCGGCGGCCAGAAGTACCGCAAGGGCCAGC

TCACCCAGGTCACCCCGGCCGCCGACGGCTACACCAACGTCGAGGACTGCGGCGCCGCCGGCTGGTACGGCGAGGAGTCCCTCGACGTCGAGTC

CGTGCACGCGGTCGCCCCGGACGCGAACATCGTCTACGTGGGCGCCAAGTCCTGCTACGACGACGACCTGCTGGACTCGCTCAACACCATCGTC

GACGGCCGGCTCGCCACCATCGTGAGCAACTCGTGGGGCGACGTCGAGGCGAACTCCACGCCGGACGTGCAGGCCGCCTACGACCAGACCTTCG

AGCAGGGTGTGGTCGAGGGCATCGGCTTCTACTTCTCCTCCGGTGACGACGGCGACGACACCATCAACGGTGCCAAGGACGTCAGCACCCCGTC

CAACTCCATCTGGGCCACCTCGGTCGGCGGCACCTCGCTGGCGGTCGGCAAGAACGACAAGTACCTGTGGGAGACCGGCTGGGGCACCGAGCGC

GCCCCGCTGTCGGCCGACGGCAAGAGCTGGGACGGCTTCCCCGGCCCGTTCACCTCGGGCGCCGGCGGCGGCACCAGCAAGACCGTCGCACAGC

CCTTCTACCAGCGCGGCGTCGTCCCCGACTCGCTCGCGCTGGCGAACGGCGGCACCACCAGGATGCGGGTCCAGCCGGACATCTCGGCCGTCGC

CGACCCGAACACCGGCTTCCTGATCGGTGAGACGCAGACCTTCCCGAACGGCAAGGCCAAGTACAGCGAGTACCGCCTCGGCGGCACCTCGCTG

GCCTCCCCGGTCATCGCGGCCGTCCAGGCGCTCGCCGAGCAGGCCCGCGGCGGCGTGCCGATCGGCTTCGCCAACCCGCTCATCTACGACCGGT

ACGGCACCTCCGCGTACCACGACGTGACCGACCACCCGCTGGGCCAGGGCCAGGGCATCGCCAACGTCCGCGTCGACTACGCCAACGGCGTGGA

CGCCTCGGACGGCCTGATCACCAGCCTGCGCACCTTCGGCACGGACAGCTCGCTGCACGCCACGGTCGGCTACGACGACGTCACCGGCGTCGGC

AGCCCGGCCAAGGGCTACGTCCAGTCGTACAAGCCCGCCAAGAAGGCCGGCAAGAACTGA 

 

rvr3168 

Day 
Gene ID 3168 3172 3173 

 Median normalized RPKM 

1  375 191 140 

2  146 124 128 

3  287 748 72 

 
AGCGGGCGACGGGAATCGAACCCGCGTAGCTAGTTTGGAAGACTAGGGCTCTACCATTGAGCTACGCCCGCGAAGCCGGTGGGTGCTGGGAAAC

AGCACCCTGGCACCCAGGATTCTGGCACACCGCACGCCACCCGGTCGAACCGGCTCGGCGGTGGGCGTGAATCCTGGCTGCCCGGGCGTACGGA

GGCATGTACTCTACGTGTCGCACCAGCGGGGTGTGGCGCAGCTTGGTAGCGCGTCCGCTTTGGGAGCGGAAGGCCGTCGGTTCGAATCCGGCCA

CCCCGACCAGCAGTTACGCGGTCACCGCAGCGAAGTGCGCAACGACGACGCGACCCCGCCACCGCCGGCGGGCGGCGAGAGTGCGACGGATCGG

ATCGACCCCGTCCGGGGCGTTTGGCGCTACCGGTAGGATGGGCGGTCGGCGACCCGACGCGTGGCCCCGACCGCGCGCATGAGAGTGGCCCCCA

TCAACGTAAAGCCCCCAAGGAGACCCAACCGTGAAGAGCGCCGTCGAGACTCTGAACCCGACCCGGGTTCGACTCACTGTCGAGGTGCCCTTCG

AGGAGCTCAAGCCCAGCCTCGACGCGGCGTACAAGAAGATCAACCAGCAGGTCACGGTGCCGGGCTTCCGCAAGGGCAAGATCCCTGCGCGCGT

CATCGACCAGCGGTTCGGCCGTGGCGCGGTCCTCGAAGAGGCCATCAATGAGGCGCTGCCGAAGTTCTACACGGAGGCGGTCACCGAGGGTGAA

CTCGCCGAGAACGTGCTCGGGCAGCCCGACGTGGACATCACCGAGTTCAACGACGGCACCGAGCTGAAGTTCACCGCCGAGGTCGAGATCCGCC

CGACCATCGAGATCCCGGACTACTCCGGCATCGAGGTCACCGTGGACGCCGTCGAGGTGCCCGAGGAGGACGTCGACACCTCGCTGGAGCAGCT

GCGCGACCGCTTCGCCACCACCACCCCGGTCGAGCGCGCCGCCGCCGAGGGCGACGTGGTCGTGGTCGACCTCCAGGCGTCGATCGACGGCAAG

GTGCTGGAGGACGGCGTCGCCAGCGGCGTCAGCTACACCATCGGCTCCGGCCAGCTCCTCGACGGCATCGACGAGGCCGTCACCGGGCTGGAGA

AGGGCGGCACCGCCACCTTCACCTCCTCGCTCAGCGGCGGCACCGGCGCCGGCCAGGACGCCGAGGTCAAGGTGGACGTCACCGACGTCCAGGC

CCGCGAACTGCCCGAGCTGGACGACGAGTTCGCGCAGCTCGCGTCGGAGTTCGACACCCTGGAGGAGCTGCGGGCCGACTCCCGCAAGCGCCTG

GAGCGGATCAAGACCTACGACCAGGCCACCCAGGCCCAGGAGAAGGTGCTGGACGCGCTCATCGAGCTGACCGAGGTGCCGATCCCGGAGAAGC

TGCTCGCGAGCGAGATCGAGACGCGCACCCACAACCTGGAGCACCACCAGTTCCCGGCCCTCGGCCTGACCTGGGACACGTACCTGGAGCGCGA

GGGCAAGACCCGCGAGGAGTACGACGCGGAGGTGTCCGAGCAGGCGGTCAAGGGCATCAAGACGCAGTTCATCCTCGACGAGCTGGTCAAGACC

GAGAAGCTCTCGGTCAACCAGGAGGAGCTGACCGAGCACCTCATGCGCCGCGCGCAGTCCTCGGGCATGTCGCCCGAGCAGTTCGCCCAGGCCG

TCGTCGAGGGCAACCAGGTCCAGCTCCTGGTCGGCGAGGTGGCCCGCGGCAAGGCACTGGCCGTCGTCGTCGAGGCCGTCAAGGTCACCGACAG

CAACGGCGAGGTCGTCGACCTGTCCGACGAGGAGGAGGACGAGGACGCCTCCACCGAGGACGCCGCCGAGGCCGCCTCCGCCGAGGCCGCTTCC

ACCGAGGACGCGGACGAGTCCGCCGAGACGGCCGCCGAGGACGCCCCCGAGGCCGACAAGAGCTGA 

 

rvr3493 

3087 3088 3089 3090 

800 bp 

3168 3172 3173 3167 3166 

550 bp 



17 

 

Day 
Gene ID 3493 3495 3497 

 Median normalized RPKM 

1  258 104 47 

2  157 143 167 

3  140 95 72 
 

 

ACGCAGCGGCTGACGGTGCTCGCGGTGCCGGCGGACCTGCCGGACGCCGCGGGCGTGCCGGACCTGCTGCGGGCGGACTAGGACCTGGCCGGGT

CGGCGCGGCCGCCCGGACCCGGACACGGCCTGGGCCCGGACACGGCTCGGGCGCCCCCTTCGACGAAGGGGGCGCCCGAGTGACGTCTGCGACA

CCGGCCCGCCATGCTCGCCTCGCGGCAAGTGGGCGCTCGAAGCGCCTAAGGTTGGGCCCGGGGGCTTGGATCGAGCCGGTGCCGTATCCAGGCT

AACAAACCCTGCGGCGAACCTCTTCCCGCAGGCCGGAATTGGTGGTCCGTCACCCGCCTGCCACGCGTTCTTCCGCCGCTGTGCACCCCGCGCC

CGCAGTGCTCCCGCATGCCGGAAGTACGATTCCACTGCTGGCGGCGGGTTCACGGATACCCGCCGGTAGGTGCAACGATCACGAGCATACCCTC

AGGCAGGAACCGGAAGAAGGTCGTCATGGCAACGGCGCCGAGCGTCTCGTACTCGATCACGGTGCGGCTGGAGGTCCCCGCCAGCGGGGGCGCG

GTCGGCCGGCTCACCACCGCGGTCGAGTCGTCCGGCGGGTCGGTCACCGGCCTGGACGTGACCGCCTCGGGCCACGAGAAGCTGCGGATCGACG

TCACCATCGCCGCCAGCTCCACCGACCACGCCGCCGACATCGTCAGCAAGCTGCGCTCGATCGACGGCGTGACGATCGGCAAGGTCTCCGACCG

TACGTTCCTGATGCACCTCGGCGGCAAGATCGAGATGCAGTCCAAGCACCCGATCCGCAACCGCGACGACCTGTCGATGGTCTACACGCCCGGT

GTGGCGCGGGTGTGCCTGGCGATCGCGGAGAACCCCGAGGACGCGCGCCGGCTGACCATCAAGCGCAACTCCGTCGCGGTGGTCACCGACGGCT

CGGCGGTGCTGGGGCTGGGCAACATCGGGCCGAAGGCCGCGTTGCCGGTGATGGAGGGCAAGGCGGCGCTGTTCAAGCGGTTCGCCGGGATCGA

CGCGTGGCCGCTGTGCCTGGACACCCAGGACACCGACGAGATCGTGGCGATCGTCAAGGCCATCGCGCCGGGCTTCGCCGGCATCAACCTGGAG

GACATCTCGGCGCCGCGCTGCTTCGAGATCGAGGCGCGGCTGCGCGAGGCGCTGGACATCCCGGTCTTCCACGACGACCAGCACGGCACCGCGA

TCGTGGTGCTGGCCGCGCTGACCAACGCGCTGCGCTGTGTCGGCAAGGAGATCGGCGACCTGCGGGTGGTCATGTCGGGCGCGGGCGCGGCCGG

CACCGCGATCCTGAAGCTGTTGCTGGCCGCCGGGGTCAAGCACGCGGTGGTCGCCGACATCCACGGCGTGGTGCACGCCCAGCGCGACGACCTG

AAGGACGTCGGGCCGCAGACCCCGCTGCGCTGGATCGCGGAGAACACCAACCCGGCGGGCGCCACCGGCACCCTCAAGGACGCCGTGGTGGGCG

CCGACGTGTTCATCGGCGTCTCCGCGCCGAACGTGCTGGAGGGCGCCGACATCGCCCGGATGGCCGAGGGCGCCATTGTCTTCGCGCTGGCCAA

TCCCGACCCCGAGGTGGACCCCGCCGAGGCGCGCGAGACCGCCGCGGTGGTCGCCACCGGCCGCAGCGACTTCCCCAACCAGATCAACAACGTG

CTCGTCTTCCCGGGCGTCTTCCGCGGCCTGCTGGACGCCCAGTCACGCACCGTGAACACCGAGATGATGCTGGCCGCCGCCCGCGCGCTGGCCT

CGGTCGTGGGCGACGACGAGCTGAACCCGAACTACATCGTGCCGAGCGTCTTCAACGACAAGGTGGCCGGCGCGGTCGCGGACGCCGTCCGGGA

CGCCGCCAGGGCCGCGGCGCCGGAGCGCGGAAACGGATTCCCAGCGTCGACCGTCTGA 

rvr3650 

Day 
Gene ID 3650 3651 3653 

 Median normalized *RPKM 

1  396 141 100 

2  159 91 149 

3  250 88  108 

 

 

ACCAGCATCCCCAAGGGCGACGGCGAGTACACCGTGGTCAAGGGCGACAGCCTCGCCAAGATCGCGACCGCGCACCACGTGGCCGGCGGCTGGC

GCAAGCTGTTCTCGCTCAACGACGACATCGTCAAGGACGCGAACCTGATCTACCCGGGCCAGCACCTGCACCTGAGCTGAACACCGGGCGACAC

CTCGGTGAAGGTCCCACCGCCCCGGCCGGGCGCGCGCAGCGCAAGCGCGCGCCCGGCCGGGGCGTTCCGGTGACGGCGCGGGCGCCGCTCGTCC

CAGGGGCCGGGCCCAGGGCCGATCCGGGCGCCGAAGCCGGTTAGGCTCGTCCTGATAAAGACGAGAAGACATCTCAGAAGGAGACAACGTGCCG

TCGATCGACGTCGTCGTAGCCCGGGAAATCCTCGACTCGCGAGGCAACCCCACCGTCGAGGTCGAGGTCGGCCTCGACGACGGCAGCACCGGCC

GCGCCGCGGTCCCGTCCGGCGCCTCCACCGGCGCCTTCGAGGCCCTCGAACTGCGCGACGGCGAGAGCGACCGCTACCAGGGCAAGGGCGTGCG

CAAGGCGGTCCTGTCCGTCAGCGACCAGATCGGCCCCGAGCTGGTCGGGTACGACGCGACCGAGCAGCGCCTCATCGACCAGGCGATGCTCGAC

CTGGACGCCACCCCGGACAAGTCCTCGCTGGGCGCCAACGCCATCCTCGGCGTCTCGCTGGCCGTCGCGCACGCCGCCTCCGAGGCGTCCGACC

TGCCGCTCTTCCGCTACCTCGGCGGCCCGAACGCGCACGTGCTGCCGGTCCCGATGATGAACATCCTCAACGGCGGCTCGCACGCGGACTCCAA

CGTCGACATCCAGGAGTTCATGATCGCCCCGATCGGCGCCGAGTCCTTCTCGGAGGCCGTCCGCTGGGGTGCCGAGGTCTACCACACCCTCAAG

GGCGTGCTGAAGTCCCGCGGCCTGTCCACCGGACTCGGCGACGAGGGCGGCTTCGCGCCGAACCTCGGCTCCAACCGCGAGGCGCTGGACCTCA

TCGTCGAGGCCATCAAGCAGGCCGGCTACGCGCCCGGCCAGGACGTCGCGCTGGCGCTCGACGTCGCGGCGTCCGAGTTCTACAAGGACGGCAA

GTACCAGTTCGAGGGCGGCGAGAAGTCGGCCGCCGAGATGACCGAGTACTACGAGGACCTGGTCGCCTCCTACCCGCTGGTCTCCATCGAGGAC

CCGCTGTTCGAGGACGACTGGGACGGCTGGAAGGTGCTCACCGACCGGCTCGGCGCGAAGGTGCAGATCGTCGGCGACGACCTGTTCGTCACCA

ACCCCGAGCGCCTGCAGAAGGGCATCGACCACGACACGGCCAACGCGCTGCTGGTGAAGGTGAACCAGATCGGCTCGCTGACCGAGACGCTGGA

CGCGGTCGAGCTGGCCCAGCGCAACGGCTACAAGTGCATGATGTCGCACCGCTCCGGCGAGACCGAGGACGTCACCATCGCCGACCTCGCCGTC

GCCACCAACTGCGGCCAGATCAAGACCGGCGCCCCGGCCCGCTCCGAGCGCGTGGCGAAGTACAACCAGCTGCTGCGCATCGAGGAGATCCTGG

ACGACGCCGCGGTCTACGCCGGCCGCAGCGCCTTCCCGCGCTTCAAGGGCTGA 

 

 

rvr4050 

3653 3650 3651 3649 3648 

200 bp 

3495 3492 3493 3497 

450 bp 



18 

 

 

 

CACCATCTGTCCGCCCAATTCGACCATCCCCCGGTTGCGTTGCGTCAGATGGCCGTGACAGTAGGCAGCTCCGATCTCCGGAGCAACGGTGACG

CTGTGTCGTGTCGGTCACACGGACCGAGATGCCGGGTGGGGCGGATGGTGACCGGAGTGATCGAAGGCGAGCTGTTTGTGAGCGAATCCTGACG

TTCCGTGCACAAGGGCCGGTGCATGCCCCTACGATCTGTTTCAGGTGAGCCTTTGTCCGGGCAAAGGGGCTTATTTGCCTATGCCCGCAGGCAA

TGCGGCGAGCCGTGACGGATCAACAGGAACGAAGGAGGCCAGGTCGGAGCCTCGACTCCCGTGCGCGGGAGGGCTCTTGTCCTGGCTTTCCGGC

AACAGGAGAGGAAGGGGCGTGCGATGAGCAACAGCAACGGCGACGCCAGCAGTGACCAGAGGCCCTCCGCGCGGCGGATCTACGCCAAGGAGCT

GGCCCGGCAGCGGGAGAAGACGGGCCTGAGCCTGATCCAGCTCGGCGCGGAGACCAAGTACGAGCAGTCCTACCTGCACCGGCTGGAGAAGGGC

GAACGCCTCGGCTCGTCCGACGTCCCCAGGGTGCTCGACAAGTTCTACGGCACCGGCGACCTGCTCGCGGACCTGTGGGAACTGGCCAAGCTGG

AGAAGAAACAGGGCCGGTACGAGGGCTTCATGGACGTGGAGACGGAAGCCGGTGGAATGCAGGAGTTCGTCGCGGGGGTGATCCCCGGACTGCT

CCAGACCGAGCGGTATGCCGAGGCGTTGTTTCGCACGCGGCGAGGGCTCCCCGAGCACGTAGTGGCGGAGCGCGTGCGCCAGCGGATGGAGCGC

CAAGCGCGAATCTTCGGGACCGCCAACTTGCTGGACTACCGAGGCCTGATCGACGAGGGGGCGCTTCGACGCGGCATCAAGGACCCGGATGCTT

GGGCGGAGCAGCTTGAACGGCTCATTCAGGCAGCAGAGTTGCCTCACGTCACGCTGCACGTCGTGCCGTTCGAGGCAGGTCCGAACGACTTGCT

GGGCGGCTCCCTGACGATGCTCTGGTTGCCCAGCGGCCGCAACATTGCCTACTTGGAAGGCAGCATCAATGGCCAGTTGATCGAGGATTCCGAG

GAGGTGGAGCACCTGCGGTTGGCCTACGATCGCTTCAGGGACTTCGCGCTCACGCCGGAGCATTCCTTGGCCATGATCCGAACCGCACTGGAGG

ACCACGCATCATGTTCACTCCTGCCACGGACCTGA 

 

rvr4941 
 

 

CGCGCGCTCCAGCCGGCGTCCGACGGGTCGGCTCGCCTGGTGGTTCCCTGCTGCTGTCATGGCGAGCCCGATAGTAGGGCGGCACTGGTCCGTC

CGGCTGCCAGCGATGCGCCCCTACTGAAGAACGGTTTCTGCAAGATCGAAAGCCCTATGCAAGGTGGAATATGCAGGCGGCAGGCCGAGCAGTC

GGCGCGGATGGCGGCTCAGTGGCCGTGCTCGCCCGGCCATTGGCTTACCGGGATGCGCGTCGGCAACTCACTCCTACGGGGGACGCGCGCCAGG

GCGCGCGCTACCAGCGCACTCGGTGGCGCCGCACACCTCCCCGGCCGTGCGGCGACCCTCGTAGGGTGTGCCCATGACCACCCCCAAGCTGCGC

GCGGAACTGGACGGCATCCCGACGTACAAGCCCGGGCGACCCCCGGCGGCGGAGGAGGGCGGCGCCCCGCGGCCCGCCTTCAAGCTGTCCTCGA

ACGAGAACCCGTATCCCCCGCTGCCCGGCGTCCTGGAGGCGGCGGCCACCGCCGCGGCCTCCTTCAACCGCTATCCCGACCTGTCCTGCGCCGC

GCTGACCGCGGAACTGGCGACGAGGTTCGACGTACCGGTCGGACACATCGCCACCGGCACCGGCTCGGTCGGCGTGGCCCAGCAACTGCTCCAG

GTGACCTCCGGGCCGGGCGACGAGGTGATCTACGCCTGGCGCTCCTTCGAGGCGTACCCGATCGTCACCCAGATCAGCGGCGCCCGGGCGGTGC

AGGTGCCGCTGGACGCGGCCGAGACGCACGACCTGGACGCGATGGCGGCGGCGGTCACCGAGCGGACCCGGCTGATCTTCGTCTGCAACCCGAA

CAACCCGACCGGCACCGTGGTGCGGCGGGCGGAACTGGAACGGTTCCTGGACCGGGTGCCGTCCGACGTGCTGGTCGTCCTGGACGAGGCGTAC

CGGGAGTTCAACACCGACCCCGAGGTGCCCGACGGCGTCGACCTGTACCGCGACCGCCCCAACGTCGCGGTGCTGCGCACCTTCTCCAAGGCGT

ACGGCCTGGCCGGCCTGCGGATCGGCTTCGCGATCGCGCACGAGCCGGTGGCCGAGGCGCTGCGGAAGACGGCGGTGCCGTTCGGTGTGAGCCA

GCTCGCCCAGGACGCGGCGATCGCCAGCCTGCGGGCCGAGGCGGCGCTGCTGGAGCGGGTCGAGGGCCTGGTGGTGGAGCGCGCCCGGGTCGCC

GGGGCGCTGGCCGCCCAGGGGTGGACGGTGCCCGAGACGCAGGCGAACTTCGTGTGGCTGCGGCTGGGGGAGCGCACCGGGGACTTCGCGGCGG

CATGCGAGCGGGCGGGCGCGACGGTGCGTCCCTTCGCGGGTGAGGGCGTGCGGATCACCATCGGCGAGGCCGAGGCGAACGACATCGTGCTGCG

GACCGCCGAGGCGTTCCGCAAGGAGCTGTAG 

 

4049 4050 4051 4048 4052 4054 

400 bp 

4942 4938 4941 4937 4943 

300 bp 



19 

 

rvr6279 

Day 
Gene ID 6277 6279 6281 

 Median normalized RPKM 

1  3445 442 160 

2  407 234 173 

3  2911 223 117 

 

 

ACGTCGCCGTCGGCGACGTCGTGCTCTACAGCAAGTACGGCGGCACCGAGGTGAAGTACAACGGCGAGGAGTACCTCGTCCTCTCGGCCCGCGA

CGTTCTCGCGATCATCGAGAAGTAATCTTCCGGCCCACCACAGCCGTGATCCCGCCCCGGGACTCCGCGCCCTCTTCCGGCCGGGGCCGGGGCG

GTTTCGTTGACCGTCCTCACTGACTGACGACGACATACGAGTAGACGAGGTAGTTCGCAGGCATGGCCAAGATCCTGAAGTTCGACGAGGACGC

CCGTCGCGCCCTTGAGCGCGGCGTCAACAAGCTCGCCGACACCGTGAAGGTGACCATCGGCCCCAAGGGCCGCAACGTCGTCATCGACAAGAAG

TTCGGCGCCCCGACCATCACCAACGACGGCGTGACCATCGCCCGCGAGGTGGAGATCGAGGACCCCTACGAGAACCTGGGCGCCCAGCTCGTCA

AGGAGGTGGCGACCAAGACCAACGACATCGCGGGTGACGGCACCACCACCGCGACCGTGCTCGCGCAGGCGCTGGTCCGCGAGGGTCTGCGCAA

CGTCGCCGCCGGCGCCTCCCCCGCCGCCCTGAAGAAGGGCATCGACGCGGCCGTCAAGGCGGTCTCCGACGACCTGATCGCCACCGCCCGCGCG

ATCGAGGGCAAGGAGGACATCGCCGCCGTCGCCGCGCTGTCCGCCCAGGACAAGCAGGTCGGCGACCTGATCGCCGAGGCGATGGACAAGGTCG

GCAAGGACGGCGTCATCACCGTCGAGGAGTCCAACACCTTCGGCCTGGAGCTGGACTTCACCGAGGGCATGGCCTTCGACAAGGGCTACCTGTC

GCCCTACTTCGTCACCGACCAGGAGCGGATGGAGGCCGTCCTCGACGACCCGTACATCCTCATCCACCAGGGCAAGATCGCCTCGATCCAGGAC

CTGCTGCCGCTGCTGGAGAAGGTCATCCAGGCCAACTCCTCCAAGCCGCTGCTGATCATCGCCGAGGACGTCGAGGGCGAGGCCCTGTCCACCC

TCGTGGTCAACAAGATCCGCGGCACCTTCAACGCGGTCGCGGTCAAGGCCCCGGGCTTCGGTGACCGCCGCAAGGCCATGCTGGGCGACATCGC

CACGCTGACCGGCGCCACCGTCATCGCCGAGGAGGTCGGCCTCAAGCTCGACCAGGCCGGTCTGGACCTGCTGGGCAGCGCCCGCCGGGTCACC

GTCACCAAGGACGAGACCACCATCGTCGACGGCGCCGGCGACAAGGCCGAGATCGAGGGCCGGGTCGGCCAGATCAAGGCCGAGATCTCCTCGA

CCGACTCCGACTGGGACCGCGAGAAGCTCCAGGAGCGCCTGGCGAAGCTGGCCGGCGGCGTCTGCGTGATCAAGGTCGGCGCGGCCACCGAGGT

CGAGCTGAAGGAGAAGAAGCACCGCCTGGAGGACGCGATCTCCGCGACCCGCGCGGCCGTCGAGGAGGGCATCGTCTCCGGCGGTGGCTCCGCG

CTCGTGCACGCGGTCAAGGTGCTCGGCGACAACCTCGGCAAGTCCGGCGACGAGGCGACCGGTGTCGCCGTCGTGCGCCGCGCCGCGGTCGAGC

CGCTGCGCTGGATCGCCGAGAACGCCGGCCTGGAGGGCTACGTCATCACCTCCAAGGTCGCCGAGCTCGACAAGGGCCACGGCTTCAACGCCGC

CACCGGCGAGTACGGCGACCTGGTCAAGGCCGGCGTCATCGACCCGGTGAAGGTCACCCGCTCCGCCCTGGAGAACGCGGCGTCGATCGCGTCC

CTGCTGCTCACGACCGAGACCCTGGTCGTCGAGAAGAAGGAAGAGGAGCCGGAGGCCGCTGCCGCCGGTCACGGCCACAGCCACTGA 

 

rvr6682 

Day 
Gene ID 6682 6683 6684 

 Median normalized RPKM 

1  10381 386 93  

2  884 189 128 
3  3051 1238 82  

 

 

TGCCCAACATCTGGAGCACCATTCTGGTGCAGTCCACCCTGATGCTCCCGGTCTTCGTGACGGCGGAGGCGGGCCTGTCCTACCTCGGCGTCGG

CATCGTCGACCCCACGCCGGACTGGGGCCTGATGTTCCAGACCGGCGCCACGTTCTACGACAGTGACATCACCTTCATGTTCTTCCCCGGCATC

GCGATGGTGATCTTCGTGGTCGCCTTCAACCTGCTCGGGGACTCGGTCCGGGACGCTCTCGACCCCAAGACCCTTCGCTAGCGGTCCCCGTACC

CGGGGTGCGGGTCCGCCAGCTCATCGTTCCAGTTGTCCAGGTCGTCGGACCGGTCCGTGCACGCGGCCGCCGGGCGTCGGCATCAGTGGCAGTT

CAGTCCAGACAGGCAGGATTTCATGAGACACAGCAAAGCTCGCTTGGTGGCCGCGGTCGCGGCCGTCGGAGCTCTGTCGCTGACCGCCTCCGCG

TGCAGCAGCGGTGGTGGCGACACCAGCCCGAGCGGCGCAGGGGGCGCCAGCAAGGCACCGGTCCCGAACTACGGCCTCGGCACCGCTGCCGACT

CCACGGGTCCGGCTCCTGCGGTGGCGGGCGCGACCAAGGGCGGCACCGTCCAGGACCTGGACCAGGCGGGCTTCGACTACCTGGACCCGGCCCA

GCAGTACGTGAGCGACCAGTTGTCGGTCTCGCCGCTGTACGCCCGTACGCTGACCGGCTACAAGATCGACCCGAAGACCGGTAAGACGATCCTC

GTCGGCGACATGGCCACCGACACCGGCAAGATGTCGGACGGCGGCAAGACCTGGACCTTCACGCTCAAGAGCGGCCTGAAGTTCCAGGACGGCA

CGACGATCACGTCCAAGGACGTGAAGTACAGCATCGAGCGGCTGTTCGCGAGCTTCGTCACGCAGGGCCCGGTCTACATCCAGAGCTGGCTGTA

CGGCACGAACTTCAAGGACGCCTACGCGGGGCCGTACGACGGCAAGGAGATCCCGGACAGCATCCTCGCCACGCCGGACGACAAGACGGTCGTC

TTCCACTTCCAGACCCCGCACGCCGACGCGCCCTACGCGATGGCGATGCCGGTGACGGCTCCGGTCGAGAAGTCCAAGGACGACAAGGCCGCGT

ACAACAACCACCCGGTCTCCTCCGGCCCGTACGAGATCGCCTCGTACAAGCCCGGCAAGTCCCTGGTCTTCAAGCGCAACCCGTACTGGGACCC

GAAGACCGACCCGATCCGCAACGCCTACCCGGACTCCTGGAACTTCCAGCTCGGCATCCAGCAGCCGGGTCTGACCCAGCGGATCATGGCCGGC

TCGGGCACCGACAAGGACGCGATCGACCTGTCCGGTGTCGCGGACACCTCGCAGATGGCCAAGCTGACGACGGACGCGGAGTACAAGGCGCGGA

CGATCAACCAGTACCAGCCGTACGTCGAGACCCTCGACATCAACACCAAGCGGATCACCGACCCGAAGGTCCGCCAGGCGATCGCCTACGCGTT

CCCGATGTCGCAGGTCCAGCAGGCCATGGGCGGCTCGCCGCAGGGCGACCTGGGCACCACGCTGCTCAGCCCGACCATCGCCGGGTGGAAGAAG

TACGACCCGTTCGGCAAGCTCACCCAGCCGACCGGTAACGTGGAGAAGGCCAAGGAGCTGCTGAAGGAGGCCGGTCAGCCGCACCCGAAGCTGG

TCTTCCCGTACGCGAACACCCCGAAGTGGTCCACGGTCTCGCTGACCATCGCCAACGCGCTGGAGAAGGCCGGCTTCCAGGTCGTCCGCAAGGC

GATCGACGCGACGTCCTTCTACACGATCGTCGGCAAGGTGAACAACCAGTTCGACATCTACCGCACCGGCTGGGGCGCGGACTGGCCGAACGCC

TCCACCGTGGTCCCGCCGACCATGGACGGTACGAACCTGACCGACGGAACGAACAACTACTCGTTCCTGAACGACCCGCACATCAACAGCGAGA

TCCAGCGGATCAAGAACATCGCTGACGTCAAGACCCAGACCGCCGAGTGGGAGAAGCTGTCGGAGTACTCCCTGTCGAAGGACACCGCCCAGGT

GCCGTTCCTCTTCGACAAGTACTTCAACATCTACGGCTCCGGCCTGGGTGGTGTGACCTACAACTCGGTCGTCGGCACCATCAACGCCAACACC

GTGTTCGTCAAGCAGTAG 

6277 6279 6281 6283 6276 

150 bp 

6681 6682 6683 6684 

150 bp 



20 

 

 

rvr7845 

 

 

AGATCGGACTCCGTGCTGTGTATGCGCTGGAGGATTCCATTCGTGAACGCGTCCATTGTGCGCCCCCTCGTCGTCTCCGTTGACACGCGAGTGT

CAAGCCCGCTGCCCTCGCGCGGGAAGCGCGGGGCAAGGCGTGGTGGGTGGGTGTAAAGCCGTCCTCCCCACCCCGCCCGAGGCGGAAACCTCAC

CGAACGGACGGAAATTCCACGGGCTGCCGGCGTCCCGTTCCGCGGTCCTCCGCGTACCGTCCCTCGGACCGCGGGCGCTCCCCCTTACCGCCGA

TTTACGGGGGCCCGGTGCAGGATGGGAGTGGATTCCCACAGCTCACGGAAGGAACAGCGCCTTGCGCGTACTGGTCGTCGAGGACGAGCAACTG

CTCGCCGATGCGGTTGCCACCGGCCTGCGCCGCGAAGCCATGGCCGTCGACGTGGTCTACGACGGCGGTGCCGCCCTGGAGCGGATCGGCGTCA

ACGACTACGACGTGGTGGTGCTCGACCGCGACCTGCCGGTGGTGCACGGCGACGAGGTGTGCCGCCAGGTCGTCGGCCTCGGGCTGCCGATGCG

GGTGCTCATGCTCACCGCGGCGGGCGACGTCAGCGACCGCGTCGAGGGCCTCGAACTGGGCGCCGACGACTACCTGCCCAAGCCCTTCGCCTTC

ACCGAGCTGACCGCCCGGGTACGCGCGCTCGGGCGGCGTACGACGGCCGCCCTGCCGCCGGTGCTGGAGCGTTCCGGCATCCGGCTGGACCCCA

ACCGCCGGGAGGCGTTCCGCGACGGCAGGGAGGTCCACCTCGCGCCCAAGGAATTCGCCGTCCTGGAGGTCCTGATGCGCAGCGAGGGCTCGGT

GGTCTCCGCCGAGCAACTGCTGGAGAAGGCCTGGGACGAGAACACCGACCCCTTCACCAACGTGGTGCGGGTCACCGTGATGACGCTGCGCCGC

AAGCTGGGCGAGCCGCCGGTCATCGTCACGGTGCCCGGCTCCGGATACCGGATCTGA 

 

rvr7933 

 

CTCAAGGCTGATGTTCTGGTTGCCGCGCTCGATCCGGTTGACGGCACTCTGGCTGGTGCCGAGCGCCTCCGCGAGTTGCGCCTGTGTCCAGCCG

CGATGTTGACGGGCGTCCCGGATGAGCCGGCCGATGCGTACCAGGTAGTCGTCACTCATGCCGCCAAGGCTATCTCATATGTGAGATAGGGCTA

CGCGAGTTGGGCCGTTCGTGGGTGCGCCGCCGTCCTCACCGTAACGTCGGCGCCGGTGCCTGCCATCCGGGGCGCGTCCAGGCGGTGGACCCCT

CACCCACCCGGACGGCGGCCATCCGGGCCCGGTTCCCGTCAGTCGGGGTGCGGAGCGCCACCCGGTGGGCCGCCCCGCGCATCACCCGGCGGGC

CGGGGGTACCCGAATCGGGGTGGTGTACTAGAGTTATCTCGACATCGAGATATCTGCCGAGGCGTGCCGTCAGGACGCCAGCTATGCGGTGGTA

CGCGCGAGAACATGCATGAAGGAGACTGTCGTGTCGGCGAACAGCTTCGACGCCCGCAGCAGCTTGCAGGTGGGCGACGAATCGTATGAGATCT

TCCGGCTGGACAAGGTCGAGGGTTCGGCCCGGCTGCCGTACAGCCTGAAGGTCCTGCTGGAGAACCTGCTCCGCACCGAGGACGGCGCGAACAT

CACCGCCGACCACATCCGGGCGATCGGCGGATGGGACTCGCAGGCCCAGCCGAGCCAGGAGATCCAGTTCACGCCGGCCCGCGTGATCATGCAG

GACTTCACCGGCGTGCCGTGCGTGGTGGACCTCGCCACCATGCGCGAGGCGGTCAAGGAGCTGGGCGGCGACGCGGCGAAGATCAACCCGCTCG

CCCCGGCCGAGCTGGTCATCGACCACTCGGTGATCGCGGACCGCTTCGGCACCCCGGAGTCCTTCACGCAGAACGTCGAGCTGGAGTACGGCCG

GAACAAGGAGCGCTACCAGTTCCTGCGCTGGGGCCAGACCGCCTTCGACGAGTTCAAGGTGGTCCCGCCCGGCACCGGCATCGTCCACCAGGTG

AACATCGAGCACCTGGCGCGCACCGTCATGGTCCGCGGCGGCCAGGCGTACCCCGACACGCTCGTCGGCACCGACTCCCACACCACCATGGTCA

ACGGCCTGGGCGTGCTCGGCTGGGGCGTCGGCGGCATCGAGGCCGAGGCCGCGATGCTCGGCCAGCCGGTGTCCATGCTGATCCCGCGGGTGGT

CGGCTTCAAGCTCACCGGCGAGCTGCCGGCCGGCACCACCGCCACCGACCTGGTGCTGACCATCACCGAGATGCTGCGCCAGCACGGCGTGGTC

GGCAAGTTCGTCGAGTTCTACGGCGAGGGCGTCGCCGCCACGTCGCTGGCCAACCGCGCCACGATCGGCAACATGTCGCCGGAGTTCGGCTCCA

CCGCGGCGATCTTCCCGATCGACGCCGAGACGCTCAGCTACCTGCGGCTCACCGGCCGCTCGGCCCAGCAGGTCGCGCTGGTCGAGGCGTACGC

CAAGGAGCAGGGCCTGTGGCTGGACCCGGCCGCGGAGCCGGACTACTCCGAGAAGCTGGAGCTGGACCTGTCCACGGTGGTCCCGTCCATCGCC

GGGCCCAAGCGCCCGCAGGACCGTATCGTGCTGGCGGAGGCCGCGGAGCAGTTCGCCCACGACGTGCGCAACTACGTGGCCGACGACGAGGAGG

CGGGCAAGGAGTCCTTCCCGGCCTCCGACTCCCCGGCCACCTCCAACGGGGTGCCCACCAAGCCCACCCTGGTGACCGCCCCCGACGGCAGCAC

GTACGAGATCGACCACGGCGCGGTCACCGTCGCCGCGATCACCTCGTGCACCAACACCTCGAACCCCTACGTGATGGTGGCCGCCGCCCTGGTC

GCCAAGAAGGCGGTCGAGAAGGGGCTGACCCGCAAGCCGTGGGTGAAGACCACCCTCGCCCCGGGTTCGAAGGTCGTCACCGACTACTTCGACA

AGGCGCACCTCACCCCGTACCTGGACAAGCTCGGCTTCAACCTGGTCGGGTACGGCTGCACCACCTGCATCGGCAACTCGGGCCCGCTGCCCGA

GGAGGTCTCCAAGGCGGTCAACGAGGCCGACCTCGCGGTGGCCGCGGTGCTCTCCGGCAACCGCAACTTCGAGGGCCGGATCAACCCCGACGTC

AAGATGAACTACCTGGCCTCGCCGCCGCTGGTCGTCGCGTACTCCATCGCCGGCTCGATGAAGGTGGACATCACCCGGGACGCGCTGGGCACCG

ACACCGAGGGCAAGCCGGTCTACCTGGCGGACATCTGGCCGTCCGAGGCCGAGGTGAACGACGTGGTCGCCTCCGCGATCGGCCAGGACATGTT

CACCGAGTCCTACCAGGACGTCTTCGCCGGCGACGCGCAGTGGCAGGCGCTGCCGATCCCCACCGGCAACACCTTCGAGTGGGACCCGCAGTCC

ACCTACGTGCGCAAGCCCCCGTACTTCGAGGGCATGGGCACCGAGCCGGAGCCGGTCACCGACATCTCCGGCGCGCGGGTGCTGGCCAAGCTCG

GCGACTCCGTCACCACCGACCACATCTCGCCGGCCGGCGCCATCAAGGCCGACACCCCGGCCGGCCAGTACCTCACCGAGCACGGCGTGCAGCG

CCGCGACTTCAACAGCTACGGCTCGCGCCGAGGCAACCACGAGGTCATGATTCGCGGCACCTTCGCCAACATCCGCCTGCGCAACCAGATCGCG

CCGGGCACGGAAGGCGGCTTCACCCGCGACTTCACCCAGGACGGCGGGCCGGTCGCGTTCATCTACGACGCCTCGCGCAACTACATCGAGCAGG

GCGTCCCGCTGGTGGTGCTGGCGGGCAAGGAGTACGGCTCCGGCTCGTCCCGCGACTGGGCGGCCAAGGGCACCGCGCTGCTGGGCGTGAAGGC

CGTCGTCGCCGAGTCCTACGAGCGCATCCACCGCTCCAACCTGATCGGCATGGGCGTGCTGCCGCTGCAGTACCCCGAGGGCGAGTCGGCGCTG

AGCCTGGGCCTCACCGGCGAGGAGACCTTCGCCATCGCCGGGGTCACCGCGCTCAACGACGGCACCACCCCGCGCACCGTGAAGGTGACCACCG

ACACCGGCGTCGAGTTCGACGCCGTGGTCCGGATCGACACCCCCGGAGAGGCCGACTACTACCGCAACGGCGGCATCATGCAGTACGTCCTGCG

CTCGCTGCTGCGCAAGTGA 

 

7845 7847 7844 7850 7852 7842 

300 bp 

7932 7933 7936 

350 bp 



21 

 

rvr7936 

Day 
Gene ID 7933 7936 

 Median normalized RPKM 

1  287 125 

2  194 95  

3  793 418 

 

 

TGCTGCGCAAGTGAGTCCGGTGACGTCGGCGTAACCCCGCCGTAGCACCGCTGTCGGCCGTACGGGCCGCACCCCTGTCACCCGGGGGTGCGGC

CCGTCGGCGTTTTCCGGCAGGTCGCCCGGCCCTGGGCGGGTTCGGCCGGTTCACTACTTGAACACACCGGACCAGGAGCGTGGTGGGAACTGAA

TACAAGGCCGACCCGAGCTTTCGACCGGGCAAACATCCCACGTTTCGGACAGGTCTCAACTCGGGAAAGCTTGGCGGCCAAACTTTCATTCGAT

CTTGCCCTGTCGGAGCCGAGTGGACTATACCTGTCGGCGTCCGGGAACCCGCTGAGCGCGGGAGCGCGCGGGGGTGCCGACAGGGTGGCCAAGA

CGGCCGTCGGCTATCGTTCCTCGCCTCACTGGATGCACTGCATCACTCACGCTTCAACTGTTCGCGGTCGTCGGCGGATTCCGCTGCACCGCAT

GAGTCCTGGAAGAAGGCTGAGGACTTGAGCATGGGCTCCGAGATCAACCGCCGTGATGCCATCAAGCGCGCCGTGGCCATCGGTGTGGTGGCCG

TCCCGTCCGCCTCGCTGCTGTCGGCCTGCGCCTCGAGCGGCGGCGGCAGCGACAAGCCGAAGTCGGAACCCACCGGCGCGAAGACGGCGAACAA

CCCGCTCGGTGTGAAGAAGGGCGCCCCGCTGGAGGCGTTCATCTTCAAGGGCGGCTTCGGCGACTCGTACGTGAAGGCCGCCGAGACGGTCTAC

AACTCCGAGTACGGCATCAAGGTCAAGCACACCGGCACGCAGGGCCTGGGCCCGAAGCTCCAGCCGCGCTTCGCCAGCAACACGCCGCCGGACA

TCATGGACAACTCCGGCGCCGACAACCTCGACACCGCGGCCCTGGCCAAGGAGAACAAGCTCCAGGACCTCACCGCGCTGCTCGACGCGCCGAC

CGTCGACGACCCGAGCAAGAAGGTCCGCGACGTCCTCATCGCCGGCACCGTCGAGCAGGGCCAGTTCGGCACCCAGGCGATGTACGCGTTCAAC

TACGCGTTCACCGTCTACGGCGGCTGGTACTCGAACAAGCTCTTCCAGGACAAGGGCTGGGAGTACCCGCAGACCTTCGACCAGGCGCTGGCCC

TGGGCGCCAAGGCGAAGAAGGAGAACATCTCCCTCTTCACCTACCCGGGCAAGTACCCGTACTACGTCCACTTCGACCTGCTCGCCCAGATCGG

CAAGGTCGGCGGCAAGGACGTCCTCAACGCCATCGACGACCTCGAGGACGGCGCCTGGCAGGTGGACGCGGTCAAGCAGGTCATCGGGTACTAC

GAGGAGGTGGCCGCGAAGAAGTACTTCATGCCCGGCTCCGAGGGCATGACCCACATCCAGATGCAGACCGCCTGGACCAAGGGCAAGGCCGCCA

TCGTGGCGGACGGCTCGTGGGTGGAGAACGAGGCCGCCCCGACCATGCCGAAGGACTTCGACCTGGCGGTCGGCGCGCTGGTCGGCTCCGGCTC

CGCGGACAAGCTGCCGTTCGGCACCGTCTACGCCGCGGCCGGCGAGCCGTACATCGTCGCCGCCAACGGCAAGAACCCGGTCGGCGGCATGGAG

CTGCTGCGCATCATGATCTCCAAGAAGGAGACCGACAACTTCACCAACACCACGAAGTCGCTGACCTGCATCAGCGGCGCCGCGGAGGGGCTGA

CCCTCACCCCGGGCCTGGCCTCGGCGTCCAAGGCGCTGACGGCGGCCGGCCCGAACGTGCTCAACTCGCGGCTCCAGGACTGGTACGTCAAGCT

CAACCAGGAGACGCTGGGCAACCTGACCCTCCAGCTCCTGACCGGCAAGATCGACGCCAAGAAGTGGATCGAGGGCGCGCAGAAGGCCGCCGAC

GCGACCAAGGCCGACTCGTCCGTGCCCAAGTTCAAGCACGTGTGA 

 

rvr7941 

Day 
Gene ID 7939 7940 7941 

 Median normalized RPKM 

1  128 97 540 

2  105 89 171 
3  418 73 1686 

 

CCTCTGCAACCTGCTCAACCCGAGTAGGGTCGTGCTCGGCGGGGACCTGGCGGAGGCCGGGGAGCTGGTGCTCGGCCCGATCCGGGAGTCCGTG

TCGCGCTACGCCATCCCCAGCGCGGCGCAGCGGCTGTCGGTGATGCCGGGCGCGCTCGGCGCCCGGGCCGAGGTTCTGGGTGCCCTTGCCCTGG

TTCTGAGCGAGATGGGCGATTCCACGCTGCTGGACGGGAACACACCGGTTGATTCACCCGTCTTTTCGGCATAACGGAGCGTTCACACAGCTAA

CGAAACGCGCCGTTGCCATCTCGTTAAGTGTTTACTTCTTGACGACACGTGTCAGCCGGAGTTGACTCACGTGCACCTCGGCCGCAGTGTTGCG

GCCCTGTCAGGGAGGCAACCTCAGATGAACGCAATGACGCGTCGGATCGTCATCGGCACGGCGGCTGTGTCGATGGCGCTCACCATGGCCGCTT

GCGGCAAGGCGGGCAGCAGCAGCTCGGACAAGAGCAACGACAAGTCGATCGGCCTGCTCCTGCCGGAGAACGCGACCACGCGGTACGAGCAGTT

CGACAAGCCGCTGATCGAGAAGAAGATCAGCGAGCTGTGCTCCGACTGCACGGTCAGCTATGACAACGCTGCCGGTGACCCGCAGAAGCAGGCG

CAGCAGGTCAACACGATGATCACCAAGGGCGTCAAGGTCCTCATCGTGGACCCGGAGGACTCGGTCGGCATCAAGTCGTCGATCCAGGCCGCGG

TCAACAAGGGCATCAAGGTCGTCGCGTACGACCGTCTGGCCGAGGGCCCGGTGTCCGCCTACGTCTCCTACGACAACGAGAAGATCGGCGAGGA

GCAGGGCCAGGCGCTGCTCAACGCGATGGGCGCCGACGCCAAGCCGACCTCGAAGATCGTCATGATCGACGGTGACCCGGCCGACCCGAACGCC

GCCATGTTCAAGGCCGGCGCGCACAAGATCCTCGACGGCAAGGTGAACATCGCCTACGAGCAGTCCGGCCTGTGGAAGGACACCACGGCCAACC

AGAAGATGACTGCGGCGATCACCCAGCTCGGCGCGAAGAACATCAAGGGCGTCTACTCCGCCAACGACGGCATGGCCGGCGGTATCGCCACCGC

CCTGAAGGGCGCGGGCATCAACCCGCCGCTGACCGGCCAGGACGCGGAGCTCCCCGGCGTGCAGCGGATCCTCGCCGGCACCCAGAGCGCCACG

ATCTACAAGCCGTACAAGCCCGAGGCCGACGCGACCGCCGAGATCGCCGTCAACCTGCTCCAGGGCAAGAGCATCACGAGCATCGCCACCACGA

CGTCCAAGAGCGCGTCCGGCCAGACGGTGCCCTCGCTCCTGATCGGCGCCACCGCCGTGACCAAGGCGAACCTGAAGGACACGGTCGTCAAGGA

CGGCCTGTACCCGACCTCGCAGATCTGCACCGCCCAGTTCGCGGCGGCCTGCAAGGCGGCGGGCATCGAGTAG 

150 bp 

7942 7941 7940 7939 7943 

7937 7936 7933 

500 bp 
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rvr9107 

 

CGTACCCATCTGCCGCTCCCGCCGCTCGCGCCGGCGGCACGCCCGACCTGCGGGGGTGCCCTCTTCCCACGGTCCGCCCGGACGGCGGTCCCGC

ACCGACCCTACGCGGCAGGTCGGCGCCTTGGTACGCTGCCCGGGAGCCGTGACTGGCGTGCTGGGATGGGTGCAACCATCGGGAAGCGGCTCGA

GCTGGACGCAAGTGCCGTACGCCTGGGCCGCCCCGTTGTCGAACCTCCGGAGGACCCCGCCATGGCCGAGCCGTCCGTCACACCGCAGTCCCCG

CCGTCCCGCCGGTCCGTCGAATCGACCGCGTTCCGCAGCGCGCTGGAGGTCATCCGGGGCGTCGAGCCGCGGGTCGCCGACGCGATCGCGGCCG

AGGTCGCCGACCAGCGCGAGATGCTGAAGCTGATCGCGAGCGAGAACTACGCGTCGCCCGCCGTGCTGCTGGCGATGGGCAACTGGTTCAGCGA

CAAGTACGCCGAGGGCACCGTCGGCCGCCGCTTCTACGCCGGCTGCCGCAACGTGGACACCGTCGAGTCCCTCGCCGCCGAGCACGCCCGCACC

GTCTTCGGCGCGGCGCACGCGTACGTCCAGCCGCACTCCGGCATCGACGCGAACCTCGTCGCGTTCTGGGCGGTGCTCTCGCAGCGGGTGGAGC

GCCCGGCGCTGGAGAAGGCCGGCGCCCGCCAGGTCAACGACCTGTCCGAGGAGGACTGGGCCGCGCTGCGCGCCGACTTCGGCAACCAGCGGAT

GCTCGGCATGTCGCTGGACGCGGGCGGCCACCTCACGCACGGCTTCCGCCCGAACATCTCGGGCAAGATGTTCGAGCAGCGCAGCTACGGCACG

GAGCCGACCACCGGCCTGGTGGACTACGACGCCCTGCGCGCGGCGGCCCGCGAGTTCCGGCCGCTCATCCTGGTCGCGGGCTACTCCGCCTACC

CGCGCCTGGTCAACTTCCGGATCATGCGGGAGATCGCCGACGAGGTCGGGGCCACCCTCATGGTGGACATGGCGCACTTCGCCGGCCTGGTCGC

GGGCAAGGTGCTCACCGGCGACTTCGACCCGGTGCCGCACGCCAACATCGTCACCACGACCACGCACAAGTCGCTGCGCGGCCCGCGCGGCGGC

ATGGTGCTGTGCGACGACTCGCTCGCCGAGCACGTGGACCGCGGCTGCCCGATGGTGCTCGGCGGCCCGCTGCCGCACGTGATGGCGGCCAAGG

CAGTGGCCCTCGCGGAGGCGGGCCGGCCCGAGTTCGGCACGTACGCGCACGCCGTGGTGGACAACGCCCGGTCCCTCGCCGAGGGCCTGCTGCG

GCGCGGCGCCAAGCTGGTCACCGGCGGCACCGACAACCACCTCGCGCTGATCGACGTCTCCTCCTACGGCCTGACGGGCCGTCAGGCGGAGGCG

GCGCTGCTGGACGCGGGCATCGTCACCAACCGCAACTCGGTGCCGCAGGACCCGAACGGCGCCTGGTACACCTCCGGCATCCGCATCGGCACCC

CCGCCCTCACCACCCGCGGGCTCGGCGCGCCGGAGATGGACGAGATCGCCGGCCTCATCGACACGGTGCTGACCGCCGCCACGCCCGCCGCCGC

GGCCAAGGGCGGGACGTCGAAGGCGAACTACGTACTGGACCCGGCCGTCGCCGAGCAGGTCGCGGCGCGTTCCTCGGACCTGCTCGCCGGCTTC

CCCCTCTACCCGGGCATCGACCTGAGCTGA 

 1 
The shaded sequence indicates coding region of gene. The thick bar and non-shaded sequence indicate 2 
putative promoter region examined in this study. Target genes selected by RNA-seq and 2-D gel 3 
electrophoresis analysis are shown in orange. The thin bar indicates gap sequence size (bp) between 4 
coding regions.   5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 

9104 9103 9107 9102 9105 

250 bp 
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 1 

 2 

Figure S1. In-frame deletion of fur1 gene. (A) Scheme describing gene deletion. The thick black bar 3 

shows upstream and downstream DNA regions targeted for homologous recombination. Numbers 4 

above the horizontal bars indicate the expected amplification size of the DNA, and the arrows indicate 5 

primer sites. Three sets of primers (F1-R1, F1-R2, and F2-R1) were used for gene amplification. The 6 

primers sequences are listed in Table S3. (B) Agarose gel electrophoresis (1%) analysis. DNA was 7 

amplified using genomic DNA from wild-type (lanes 2, 3, and 4), SR1 (revC and revD gene 8 

disruption in wild-type; lanes 5, 6, and 7), and SR2 (fur1 gene deletion in SR1; lanes 8–16). Lanes 1 9 

and 17 show the DNA ladder. Arrows indicate the expected size of DNA fragments amplified from 10 

the wild-type (open) and ∆fur1 mutant (solid). 11 

 12 
 13 
 14 
 15 
 16 

 17 
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 1 

Figure S2. Confirmation of the promoter-fur22 gene fragment in the transformed strain. DNA 2 

fragments were amplified using genomic DNA from SR1-12 (lane 2), SR1-15 (lane 3), SR1-18 (lane 3 

4), SR1-19 (lane 5), and SR1-20 (lane 6). Lane 1 shows 1 kb DNA ladder. Forward primer was 4 

designed in the putative promoter sequence. The reverse primer was designed in the fur22 gene. 5 

Primer sets used for PCR reaction and expected DNA size are listed in Table S3. PCR was performed 6 

using KOD-FX DNA polymerase
 
(TOYOBO, Japan) and the following reaction conditions: 98°C for 7 

1 min, followed by 30 cycles at 98°C for 10 s, 64°C for 30 s, and 72°C for 30 s with a final extension 8 

of 1 min. 1% agarose gel electrophoresis was performed to confirm the correct band size.  9 

 10 

 11 

 12 

 13 

 14 
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 1 

Figure S3. LC-MS analysis of FQs. The transformants harboring promoter-fur22 cassettes (Table 2 

S2) were evaluated. The promoters were selected based on RNA-seq analysis and the following 3 

transformants were evaluated: SR1-12 (i), SR1-15 (ii), SR1-18 (iii), SR1-19 (iv), and SR1-20 (v). The 4 

chromatogram was produced at 267 nm [the absorption maximum of (2)]. All of the samples were 5 

extracted and analyzed in the same way as described in Methods. Based on UV and m/z, two peaks 6 

does not correspond to FQ derivatives. 7 

 8 

 9 
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 1 

Figure S4.  2-D gel electrophoresis analysis. Proteins were extracted from SR1 strain at day 2, 3, 4, 2 

and 5 culture in RM-PM. Gel shown here is from day 2 analysis.   3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 
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 2 

Figure S5.  Reporter assay using the colour of FQ. (A) SR1-VC as vector control, (B) SR1-1 as 3 

positive control. (C) SR1-7 (clone #1-8) indicates the production of FQs.  4 
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 6 

 7 

 8 

 9 

 10 
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 12 
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 1 
 2 
Figure S6. GC-MS analysis of BC and SQ. Total ion chromatogram of the standards for BC (A) and 3 

SQ (B), as well as n-hexane extracts from the SR2-4 strain (C). (D) Mass spectrum of the peak at the 4 

retention time of 18.3 min from n-hexane extracts from the SR2-4 strain. (E) Mass spectrum of the 5 

standard for BC. (F) Mass spectrum of the peak at the retention time of 21.4 min for n-hexane extracts 6 

from the SR2-4 strain. (G) Reference mass spectrum peak for SQ from the W9N11 library. 7 

 8 

 9 

 10 

 11 

 12 

 13 
 14 
 15 
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