
Supplemental Table 1. Sequences of PCR primers used to assemble expression and 
VIGS constructs, confirm TRV infection, and perform real-time quantitative (RT-q)PCR 
analysis. 
 
 
 
Pichia pastoris expression constructs 
Primers used for sequence amplification and ligation into pPINK 
 

 
 
 
 
 
VIGS constructs 
Primers used for sequence amplification and ligation into pTRV2 
 

 
 
 
 
 
Confirmation of TRV infection 
Primers used for the detection of TRV in A. tumefaciens-infiltrated plants 

 
 

 

 

 

Sequence 
name 

Forward primer 
5’-3’ (Stu1) 

Reverse primer 
5’-3’ (Kpn1) 

Insert 
size 
(bp) 

pPINK-
FADOX1 GCGCAGGCCTATCGATACTGGCAAATTTC GCGCGGTACCTCAAAATAATCCATCACTT 1509 

pPINK-
FADOX3 GCGCAGGCCTTTTGGAACTTTATCAACAA GCGCGGTACCAGTGCATGCTTCAATAAGT 1551 

pPINK-
FADOX5 GCGCAGGCCTGCTAATAATTCACTTAATG GCGCGGTACCCTACTGCTTGCCCCAAGTA 1536 

pPINK-
FADOX7 GCGCAGGCCTTCAAGTGAATATGAAGATGATTATAACTTT GCGCGGTACCTTAATATGAAACCGCAGGAATACTCT 1518 

pPINK-
FADOX8 GCAGGCCTATCTTCTCGAATGTGTTGGCAACAA GCGGTACCTTAAATCTTTAATACATAGGCAATACTTGGTAT 1539 

pPINK-
FADOX5-
HIS 

ATAGGCCTGCTAATAATTCACTTAATGGAGATTTTCTC ATGGTACCCTAATGATGATGATGATGATGCTGCTTGCCCC 
AAGTACTAACA 1554 

pPINK-
BBE1-HIS ATAGGCCTGGTGATGTTAATGATAATCTCCTCTC ATGGTACCCTAATGATGATGATGATGATGCAATTCCTTCAA 

CATGTAAATTTCCTCAAAT 1626 

pPINK-
BBE2-HIS ATAGGCCT GGTGATGTTAATGATAATCTCCTCTC ATGGTACCCTAATGATGATGATGATGATGCAGTTCCTTCAA 

CATGTAATTTTCCTC 1626 

Sequence 
name 

Forward primer 
5’-3’ (BamHI) 

Reverse primer 
5’-3’ (Xho1) 

Insert 
size 
(bp) 

pTRV2-
FADOX1 GGATCCCCATACGTTTCGAAGAAC CTCGAGGACGGAGCACTGACTGGGTAA 341 

pTRV2-
FADOX3 GGATCCCCATTTGTTTCAAAATGT CTCGAGACTGTAGAAAAATGTCAGA 392 

pTRV2-BBE GGATCCGGTGTCCGACTGTTGGTAG CTCGAGTGGTATCTAATCCTGATAAGAAAGC 528 

pTRV2-DBOX GGATCCCGTTATGTTTCCAAGAATC CTCGAGGAAAGACATAAACTCTTTC 410 

pTRV2-
FADOX8 GGATCCCCCTGTTTCTTGGGGATGCTAA  CTCGAGGTTTTTCGTTCCACGAAGATACATATAAAA 392 

Sequence name Forward primer 
(5’-3’) 

Reverse primer 
(5’-3’) 

Product 
size 
(bp) 

TRV-coat protein ATGGGAGATATGTACGATG TAGGGATTAGGACGTATC 613 



RT-qPCR analysis of VIGS plants 
Primers used to quantify gene expression 
 

 
 
 

 
 
 
RT-qPCR analysis of plant organs 
Primers used to quantify gene expression 

Gene name Forward primer 
(5’-3’) 

Reverse primer 
(5’-3’) 

Product 
Size 
(bp) 

BBE CGGAAACAGCTTGGGTTGA CGGACACCAACCAGCAGTAA 101 

DBOX GTACTTGGGGCAAGCAGTAGAGAT GCAGCTTATATGGACTGCACTGTATTA 132 

Ubiquitin CCATTTGGTGCTTCGTCTAC CAAGCCATAGCTGAAACACC 276 
 

 
 
 
 
Saccharomyces cereviciae expression constructs 
Primers used for sequence amplification and ligation into pYES2 
 

Primer Name Sequence (5’-3’) 

pYES2 HA Tag F TACCCATACGATGTTCCAGATTACGCTTAAATCATGTAATTAGTTATGTCACGCTTAC 

pYES2 HA Tag R CTCCTTGACGTTAAAGTATAGAGG 

DBOX F ATATACCTCTATACTTTAACGTCAAGGAGAAAACAATGGCTAATAATTCACTTAATGGAG 

DBOX HA  Tag R TTAAGCGTAATCTGGAACATCGTATGGGTACTGCTTGCCCCAAGTACTAAC 

pYES F CCTGCATTAATGAATCGGC 

pYES R ACTAGTGGATCATCCCCAC 

6OMT F GAAGATAAGAAAGATTTAATTATCAAAAAAACAATGGAAACAGTATCAAAGATCGAC 

6OMT R GAATGTAAGCGTGACATAACTAATTACATGATTAATATGGATAGGCTTCGATCACG 

4OMT F AGTTTTAAAACACCAAGAACTTAGTTTCGAAAAACAATGGGTTCCTTGGATGCG 

4OMT R GACCAAACCTCTGGCGAAGAAGTCCATTATGGAAAAGCTTCTATAACAGATTGTATTG 

PMA1 F GAGACTGCAGCATTACTTTGAGAAGACAGGCATTGCTGGGATCAC 

PMA1 R AGTAGATACACACTGACTCTGGACTTTGATAATTAAATCTTTCTTATCTTCTTATTCTTTTC 

TDH3 F GAGACTGCAGCATTACTTTGAGAAGTCGAGTTTATCATTATCAATAC 

TDH3 R AGTAGATACACACTGACTCTGGACTCGAAACTAAGTTCTTGGTG 

CYC1 F TCACTTACACGAGGAGATGCATTGTCATGTAATTAGTTATGTCACGCTTACATTC 

CYC1 R ACAACTCATGGTGATGTGATTGCCGCAAATTAAAGCCTTCGAGCGTC 

Gene name Forward primer 
(5’-3’) 

Reverse primer 
(5’-3’) 

Product 
Size 
(bp) 

FADOX1 CATTCCAAGTGATGGATTATTTTGAA GACGGAGCACTGACTGGGTAA 72 

FADOX3 CATGCACTAGAGATGCTAATGTATCG CATTGAGTTTTGACAGATTTCACAGTAG 73 

BBE CGGAAACAGCTTGGGTTGAA CTGCGCAATCGCATAGTAGAGT 62 

DBOX GGTTTGGTGCCTTGGTACGA GTGACAATGCGAGCATCAATG 67 

FADOX8 CAATGCAGAGAGGAATGAGACTAGAA CATCAGTTCATGACGGAATCAACT 78 

Ubiquitin CCATTTGGTGCTTCGTCTAC CAAGCCATAGCTGAAACACC 276 



ADH1 F TCACTTACACGAGGAGATGCATTGTGGACTTCTTCGCCAGAGGTTTG 

ADH1 R ACAACTCATGGTGATGTGATTGCCGCATGCCGGTAGAGGTGTGG 

pYES:C1 F CCGCCGCGCTTAATGGGGCGCTACAGGGCGCGTGGGGATGATCCACTAGTGAGACTGCAGCATTACTTTGAGAAG 

PMA1 R2 TTGATACTGTTTCCATTGTTTTTTTGATAATTAAATCTTTCTTATCTTCTTATTCTTTTC 

CYC1  F2 CGTGATCGAAGCCTATCCATATTAATCATGTAATTAGTTATGTCACGCTTACATTC 

C6:H1 R CAATCTCGCCCACAGCCCCTTTCTTTAATCATTCCGACCCCCGCCATGAGACAACTCATGGTGATGTGATTGCC 

C1:H1 F  CTCATGGCGGGGGTCGGAATGATTAAAGAAAGGGGCTGTGGGCGAGATTGGAGACTGCAGCATTACTTTGAGAAG 

TDH3 R2 GGCTTCGCATCCAAGGAACCCATTGTTTTTCGAAACTAAGTTCTTGGTGTTTTAAAACT 

ADH1 F2 GAGCAATACAATCTGTTATAGAAGCTTTTCCATAATGGACTTCTTCGCCAGAGGTTTG 

pYES:C6 R CAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGGACAACTCATGGTGATGTGATTGCC 
 



 

 

Supplemental Table 2.  Compound list and CID spectra used for the identification and 
quantification of benzylisoquinoline alkaloids by LC-MS/MS in plants subjected to virus-
induced gene silencing.  
 
 

Compound [M+H]+ Retention 
time (min) CE (eV) ESI+-CID, m/z 

(Relative abundance) Reference 

N-Methylcoclaurine 300 6.27 30 
300 (18), 269 (26), 237 (16), 219 (3), 
209 (15), 192 (10), 175 (13), 161 (8), 
145 (14), 143 (31), 121 (40), 107 (100) 

Schmidt et al. 
2007a 

Thebaine 312 6.49 30 

312 (2), 281 (2), 266(4), 255 (1), 251 
(11), 249 (2), 237 (1), 234 (2), 223 (2), 
221 (7), 218 (4), 195 (2), 177 (1), 58 
(100) 

Authentic 
standard 

Coptisine 320 12.63 30 320 (100), 318 (7), 292 (30), 290 (6), 
277 (6), 262 (4), 249 (2), 234 (2) 

Wang et al., 
2004b 

Stylopine 324 11.54 30 324 (24), 265 (1), 176 (100), 174 (3), 
149 (26), 119 (2), 91 (2) 

Authentic 
standard 

Dehydroscoulerine 326 10.13 35 
326 (14), 311 (59), 310 (100), 296 (8), 
295 (7), 294 (17), 282 (52), 268 (14), 
267 (20) 

Inferred 

Scoulerine 328 7.22 30 328 (25), 178 (100), 151 (5) Authentic 
standard 

Reticuline 330 5.25 30 

330 (1), 299 (1), 298 (36), 267 (3), 239 
(3), 227 (1), 207 (2), 192 (100), 175 
(21), 151 (4), 145 (1), 143 (21), 137 
(33) 

Authentic 
standard 

Sanguinarine 332 7.71 35 

332 (76), 330 (24), 317 (72), 304 (58), 
302 (26), 289 (13), 276 (16), 275 (17), 
274 (100), 261 (7), 248 (12), 246 (49), 
244 (21), 218 (25), 216 (15), 189 (4) 

Authentic 
standard 

Dihydrosanguinarine 334 12.81 35 334 (7), 319 (88), 318 (100), 276 (11) Authentic 
standard 

Berberine 336 6.40 35 336 (67), 321 (77), 320 (100), 306 (21), 
304 (17), 292 (82), 278 (4), 275 (5) 

Authentic 
Standard 

Columbamine 338 9.53 35 338 (90), 323 (100), 322 (8), 308 (3), 
294 (6), 279 (1) 

Zhang et al., 
2006c; 

Liscombe et 
al., 2009d 

Papaverine 340 8.12 35 340 (89), 324 (65), 296 (10), 202 (100), 
171 (13) 

Authentic 
standard 

Canadine 340 10.89 25 340 (13), 176 (100), 165 (3), 149 (9) Authentic 
standard 



 

 

Tetrahydrocolumbamine 342 8.50 20 342 (36), 192 (5), 178 (100), 165 (4), 
151 (13) 

Authentic 
standard 

Tetrahydropapaverine 344 7.83 20 
344 (2), 327 (11), 312 (2), 296 (6), 281 
(5), 192 (100), 189 (36), 174 (6), 165 
(3), 158 (2), 151 (27), 136 (5) 

Authentic 
standard 

Chelerythrine 348 7.82 25 
348 (54), 333 (44), 332 (100), 318 (30), 
316 (9), 315 (9), 304 (56), 303 (3), 
290(12), 287 (5) 

Authentic 
standard 

Dihydrochelerythrine 350 12.72 25 350 (58), 335 (25), 334 (100), 320 (38), 
306 (53), 292 (8) 

Authentic 
standard 

Palmatine 352 10.74 25 352 (50), 337 (53), 336 (100), 322 (28), 
320 (17), 308 (69), 294 (7) 

Wang et al., 
2004b; Zhang 
et al., 2006c 

Protopine 354 6.71 30 
354 (100), 336 (8), 275 (19), 247 (9), 
206 (22), 189 (70), 188 (65), 165 (11), 
149 (31) 

Authentic 
standard 

Tetrahydropalmatine 356 9.98 20 356 (48), 192 (100), 165 (27), 150 (3) Authentic 
standard 

Noscapine 414 10.84 25 414 (4), 365 (5), 353 (21), 323 (5), 220 
(100), 206 (4), 179 (8) 

Authentic 
standard 

 
a Schmidt, J., Boettcher, C., Kuhnt, C., Kutchan, T.M., and Zenk, M.H. (2007) Phytochemistry 68, 189-202 
b Wang, D., Liu, Z., Guo, M., and Liu S. (2004) J. Mass Spec. 39, 1356-1365 
c Zhang, Y., Shi, Q., Shi, P., Zhang, W., and Cheng, Y. (2006) Rap. Comm. Mass Spectrom. 20, 2328-2342 
d Liscombe DK, Ziegler J, Schmidt J, Ammer C, and Facchini PJ (2009) Plant J. 60, 729-743 
 














































