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General Introduction

Terpenes and Artemisinin

Sesquiterpenes are chemical compounds that are part of terpenes, a conjuction of isoprenes C5, which are
abundant in plants, animals and bacteria. But the majority is spread in plants, mainly in essential oils.
Commonly, terpenes have aromatic characteristics and pharmacologic applications. That is the case of
artemisinin, a sesquiterpene lactone endoperoxide that presents activity against the malaria parasite
Plasmodium spp. Artemisinin is produced by Artemisia annua (L.), an herbaceous plant that has been reported
to be used around one hundred years before Christ. The bioactive characteristics of this plant were first
discovered in 1970s by Chinese scientists and the metabolic pathway was elucidated by 1996 (Bouwmeester
et al., 1999). The metabolic pathway in which artemisinin is produced follows the metabolic route of the
mevalonic acid. In this pathway, amorpha-4,11-diene is crucial for the production of artemisinin. Amorpha-
4,11diene-synthashe (ADS) catalyzes the production of amrpha-4,11-diene upon farnesil diphosphate
(FPP)(Wen & Yu, 2011). After several reactions catalized by enzymes, such as cytochromo P450 (CYP71AV1),
artemisinic aldehyde double-bound reductase (DBR2) and aldehyde dehydrogenase 1 (ALDH1), artemisinin is
produced upon dihydroartemisinic acid hydroperoxide, or arteannuin B. Figure 1 depicts the metabolic process
in the plant.

Currently, artemisinin is the main compound for the current commercial medicine against malaria. Nonetheless,
its extraction from A. annua is expensive and low-yielding efficient. Therefore, some efforts have been put in
the production of the metabolite in plant platform system. Thereto, Nicotiana benthamiana has been shown to
be suitable for such purpose due to its characteristic rapid accumulation of biomass (van Herpen et al., 2010a).

So far, precursors of artemisinin had been cloned and produced successfully in N. tabacum. CYP71AV1,
DBR2 and ALDH1 were transiently expressed in N. tabacum. Nonetheless, neither artemisinin nor artemicinic
acid were produced, but dihydroartemisninc alcohol (Wallaart, Bouwmeester, Hille, Poppinga, & Maijers, 2001).
These results showed that N. tabacum were not the best plant platform system for artemisisnin precursors.
Another important advance done in N. benthamiana system was the co-expression of amorpha-4,11-diene
synthase (ADS) farnesyl diphosphate synthase (FPS) and 3-hydroxy-3-methylglutaryl-CoA reductase (HMGR),
a rate limiting enzyme in the mevalonate pathway. Thereby, increasing amorphadiene biosynthesis (van
Herpen et al., 2010a). Finally, the find that mitochondria give a better environment for terpenoids production
than cytosol does (Kappers et al., 2005) contributed to the improvement of artemisinin heterologous production.
A construct which carries a mitochondrial target signal has been built up in such way it also harbors ADS, FPS
and HMGR in the mitochondria (van Herpen et al., 2010a).
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Figure 1Artemisinn biosynthetic pathway in Artemisia annua. IPP, siopentenyl diphospahte; DMAAP, dimethylallyl diphosphate; FPP, farnesyl
diphosphate; AD, amorpha-4,11-diene; AAOH, artemisinic alcohol ; AAA, artemisinic aldehyde; AA, artemisinic acid; AB, arteannuin B; DHAAOH,
dihydroartemisinic alcohol; DHAAA, dihydroartemisnic aldehyde; DHAA, dihydroartemisinic acid; FPS, farnesyl diphosphate synthase; HMGR, 3-hydroxy-
3-methylglutaryl-CoA reductase;ADS, amorphadiene synthase; CYP71AV1, amorphadiene oxidase; DBR2 artemisinic aldehyde double-bound reductase;
RED1, dihydroartemisinic aldehyde reductase 1; ALDH1, aldehyde dehydrogenase 1. Broken arrow indicate the involment of more than one step. Figure

taken from Ting et al., 2013.



CHAPTER I. Exploring the function of introns to improve
artemisnin production in planta.

Abstract

Intron mediated enhancement (IME) may increase gene expression in eukaryotic genes and may be used to
increase protein production of interest. This work studied whether IME may have a positive effect on
enhancement of Caryophyllene and amorpha-4,11-diene, terpenes produced upon mevalonate pathway (MVA)
that are of interest to understand terpene production in plant cell.

Results showed that copy number of transgene affects protein production and expression, whereas low copy
number of transgene resulted in high gene expression. High variability of volatiles seemed to be another
consequence of high transgene copies. Furthermore, post transcriptional gene silencing (PTGS) were
triggered due to high number of transgenes in the cell. This caused low levels of gene expression in
contradiction with what was expected. Thus, IME was shown to boost up gene expression, but also trigger
PTGS after reach an unknown threshold of transcripts.



Introduction

Introns are non-amino acid coding sequences of DNA placed next or in-between DNA of a gene. These
sequences are not transcribed into mature mRNA because no amino acid is coded upon such sequences.
Amino acids, proteins’ building-blocks, are produced upon mature mRNA information; which in turn came from
DNA sequence information. But, before mRNA is produced, sequences of introns and exons are part of the
first-produced mRNA or so-called immature mRNA. In order to have only the amino acid-coding sequences,
introns are cut in the cell by a spliceosome machinery. Thus, the final product is a mature mRNA free of introns,
which will only code amino acids. Nonetheless, despite the lack of coding function, introns could play an
important role in enhancing gene expression through a process called intron mediated enhancement (IME).
According this process, it is believed that eukariotic cells may increase gene expression by either several
features that intron-coding region give to sequences, or by triggering a molecular process in which RNA
polymerase Il densities may rise and so does transcript levels.

There are three principal features in which intron-coding regions may enhance gene expression. First of all,
enhancers and promoters placed in-between introns sequences may enhance gene expression. Introns, in
either orientation, located upstream the translated region of a gene have been reported to enhance gene
expression due to enhancers placed in-between such introns’ sequences. In addition, experiments on
promoterless genes have shown that some introns are able to increase gene expression at least in weakly way.
However, introns transcribed from the 3’ region of gene do not success at enhancing (Reddy, A. S. N,
Golovkin, n.d.). Thus, intron sequences may have base pairs that enhance gene expression.

On the other hand, intron presence may trigger a series of molecular interactions that make it suitable for the
RNA polymerase Il increase in density, thereby increasing gene expression. Every time introns are spliced,
there is the possibility for topoisomerase | to phosphorylate serine/arginine-rich protein SF2/ASF. Thereby,
topoisomerase | function of cleaving negative supercoiling DNA is lost and DNA strands remain expanded,
which make DNA more accessible for RNA polymerase Il. Consequently, because of introns presence DNA
strands topology become highly receptive for RNA polymerase Il and so transcription levels off (Niu & Yang,
2011).

Given the possible positive effects on transcription enhancement due to IME, genomic clones may be used in
order to produce higher amount of interested protein. In a previous report, stable transformant of genomic
caryophyllene synthase (CST) gave more than three times the emission of caryophyllene emitted by stable
transformant of cDNA from CST (conversation with Bo Wang). In this work, it was of interest to increase
caryophyllene (CST) and amorpha-4,11-diene (ADS).

Both CST and ADS are terpenes synthesized upon farnesyl diphospahte (FPP) following the MVA route, which
are produced in the cytosol as other terpenes. Yet, the enzyme responsible for caryophyllene production is
caryophyllene synthase(Chen et al., 2011) and its respective gene in Arabidopis thaliana is TPS21(Tholl & Lee,
2011). Moreover, previous studies in the plant model A.thaliana have provided information on the biochemical
process behind terpenes production in plant cell. So, in order to further understand how IME may affect
terpene production, TPS21 or CST genomic clone were compared against cDNA clone in transient
transformation of Nicotiana benthamiana.

Likewise, ADS is a limiting enzyme in the production of another terpene, artemisinin from Artemisia annua.
Thus, if genomic clone of ADS increases ADS, such advantage may be used to increase the overall yield of
artemisinin in heterologous protein recombination in N.benthamiana.

Given that introns may enhance gene expression; this study investigated whether such improvement may be
differentiated in a transient assay. Thereto, gene expression difference between clones from cDNA and
genomic DNA of TPS21 (cCST and gCST) were transiently expressed in N. benthamiana system and volatile
emission difference was assessed. Results showed that IME is observed in transient assay, however high
variability due to different copy gene number resulted in variability of volatile emission and triggering of post
transcriptional gene silencing. Thus, IME was not fully appreciated in transient assays.



Results

Assessing Caryophyllene synthase genomic DNA

This study intended to take advantage of the positive transcriptional effect that introns may add to transient
expression to improve ADS production in plant, and so artemisinin. However, first it was necessary to find out
which introns may be used for such purpose. Genomic (gCST) and cDNA (cCST)sequences of caryophyllene
synthase-coding gene were transiently expressed in N. benthamiana to find out at what level gCST improve
transcription.

Treatments used for infiltration were set as follows:

Table 1 Experimental set-up for transient expression of cCST and gCST in N. benthamiana at full gene dosage

Treatment Gene Gene dosage Harvest Headspace
combination time point trapping
(dpi) time (h)
cCST P19 + cCST Full 4 2
gCST gCST dosage
EV EV

After 4dpi, transfected leaves were harvested and its volatiles trapped by head space analysis during 2 hours
followed by GCMS analysis. Since CST is an enzyme involved in the production of humullene, caryophyllene,
copaene and caryophyllene oxide, the four compounds were measured in order to assess any difference
between cCST and gCST infiltrated plants. Figure 2 depicts the emission of each compound after being split
16 times before entering the GCMS.
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Figure 2 Volatiles emitted after 4dpi by fresh N. benthamiana leaves and trapped by Head Space analysis during 2 hours. Leaves were agroinfiltrated with
full gene dosage of constructs cCST, gCST and empty vector (EV) as control. Results expressed in peak-area units as measured by GCMS and corrected
by fresh-weight (FW) of the leaves. For cCST and gCST each column represents average of four biological replicates +/- SE. For EV, the column
represents average of three biological replicates +/- SE.

No significant difference was observed in volatile emission between cCST and gCST treatments. Moreover;
there was high variability in the data due to a possible saturation of the Tenax line used to trap volatiles.
Because CST was under the strong constitutive promoter CAMV 35S, high amounts of volatiles were produced
and eventually trapped by head space analysis, which in turn were believed to saturate the column. This raised
the question on whether the volatile measurement was accurate or underestimated.



Additionally, gene expression analysis was performed to have an insight in to the actual expression of these
genes. As expected, gene expression analysis showed higher expression for gCST; nonetheless no significant
difference was observed again (Figure 5).
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Figure 3 Normalized gene expression (mRNA units/nL) of N. benthamiana leaves agroinfiltrated with cCST and gCST construct at full gene dosage. Results
were expressed as analyzed by RT-PCR and normalized using as reference N. benthamiana actin gene. Each column represents the mean of four
biological replicates +/- SE.

In order to solve the saturation of volatiles in the column, the gene dosage was decreased expecting less gene
expression and so, less volatile emission. Thereto, genes were diluted five times and a second experiment was
set up as follows.

Table 2 Experimental set-up for transient expression of cCST and gCST in N. benthamiana at full gene dosage. Each gene were used in the same quantity
(5mL)

Treatment Gene Gene  Harvest Head
combination dosage time space

point trapping

(dpi) time (h)

cCST P19 #8xEV cCST  5x 4 2
gCST P19 #8x EV ¢gCST  dilution

Unexpectedly, volatile emission of caryophyllene approximately increased in five and eight times per each
construct respectively; whereas gene expression decreased as supposed. In addition, gCST-infiltrated plants
were shown to have folded caryophyllene and humullene emission when compared with cCST-infiltrated plants
(Figure 6). However; variance in the volatile emission of gCST-agroinfiltrated plants lingered over.



1000 +

=800 -
(@]
B .
% 600 - m Caryophyllene Oxide
% m Copaene
X
g 400 - = Humullene
g m Caryophyllene (*)
200 -

0 -

cCST gCsST

Figure 4 Volatiles emitted after 4dpi by fresh N. benthamiana leaves and trapped by Head Space analysis during 2 hours. Leaves were agroinfiltrated with
full gene dosage of constructs cCST, gCST and empty vector (EV) as control. Results expressed in peak-area units as measured by GCMS and corrected
by fresh-weight (FW) of the leaves. Each column represents the mean of six biological replicates +/- SE. (*)represents significant difference (Student’ s
test p<0.05) relative to cCST treatment

As mentioned before, gene expression decreased as did the gene dosage. Nonetheless, no difference in gene
expression between the treatments was observed (Fig 5).
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Figure 5 Normalized gene expression (mMRNA units/nL) of N. benthamiana leaves agroinfiltrated with ¢cCST and gCST construct at 5x gene dosage
dilution. Results were expressed as analyzed by RT-PCR and normalized using as reference N. benthamiana actin gene. Each column represents mena of
six biological replicates +/- SE.

Already knowing that caryophyllene emission was folded by gCST transient expression, it was necessary to
know whether this was more advantageous than overexpressing ADS genomic sequence in N. benthamiana.

Assessing Amorpha- 4, 11-diene genomic DNA

In order to find out how much ADS is produced upon expression of ADS- genomic coding sequence, cADS and
gADS were infiltrated in N. benthamiana leaves and Amorpha-4,11-diene (ADS) was measured by GCMS after
head space analysis. The experiment was conducted as the following scheme:



Table 3 Experimental set-up for transient expression of cCST and gCST in N. benthamiana at full gene dosage. Each gene was used in equal dosage (10
mL)

Treatment Gene Gene  Harvest Head
combination dosage time space

point trapping

(dpi) time (h)

cADS P19+ cADS  Full 4 2
gADS P19+ gADS gene
dosage

As expected, gADS treatment showed a significant rise of ADS in more than the double of what cADS-
infiltrated plants produced (Fig 6). However, high variance in volatile emission was detected again.
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Figure 6 AD emission of N. benthamiana leaves infiltrated with cADS and gADS. Results expressed in peak-area units as measured by GCMS and
corrected by fresh-weight (FW) of the leaves. Each column represents the mean of three biological replicates +/-SE.(*)represents significant difference
(Student’s T test p<0.05) relative to cADS treatment.



Lately, gene expression analysis showed that gADS-infiltrated plants had statistically higher gene expression
levels than cADS-infiltrated plants (Figure 7), which supported the high amount of AD production.
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Figure 7 Normalized gene expression (MRNA units/nL) of cADS and ADS- infiltrated plants as analyzed by RT-PCR. The results were normalized using as
reference the ugbiquitin gene for N. benthamiana. Each column represents the mean of four biological replicates +/-SE.(*)represents significant difference
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Confirming reference gene consistency

treat ment .

As part of gene expression analysis in N. benthamiana, two different housekeeping genes were used, actin
and ubiquitin. N. benthamiana actin and ubiquitin genes were confirmed as consistent to be used as reference.
A constant Ct value showed that ratio of RNA/cDNA samples is comparable; therefore both genes are useful to
normalize data.

It is also worth to note that dCt value is different for each treatment which supports the already given difference
in gene expression among samples.

Table 4 Ct values for targeted and housekeeping genes of N. benthamiana leaves infiltrated with gCST, cCST, cADS and gADS as measured by RT-PCR.

Treatment Gene Ct of target gene SDof Ct target Ct normalizer gene SD of Ct dCT
dosage/ (mean) gene (mean) normalizer
treatment
cCST Full 15.2475 0.605581773 28.15 1.373736 12.9025
gCST 14.2 0.244857611 27.9725 0.353509 13.7725
cCST 5xdiuted ST 1201 2396507303  ACTIN 27.28 3.154334  12.3656
gCST 14.63 0.934951928 27.40 0.969951 12.7664
cADS Full 14.74 0.318995385 UBIQUITIN  21.24 0.345802 6.5000
ADS
gADS 14.51 0.516261276 20.79 0.285866 6.2815
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Figure 8 Ct values for Actin (Blue) and Ubiquitin (Red) reference genes of N. benthamiana. Each column represents Ct mean per tratment +/- SD.
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Discussion

PTGS or Alternative splicing may counter intron-mediated enhancement of CST and ADS

Intron-mediated enhancement of gene expression was taken as an advantage to increase terpenes production
in heterologous protein recombination in N. benthamiana. Yet, transient assay was found to give less volatile
increase than stable transformation. CST and ADS emission was demonstrated to have increased in transient
assay, however CST was not produced in same quantity as what was observed in stable transformants of CST.
Stable transformants of CST yielded more than three times caryophyllene emitted by cCST (conversation with
Bo Wang). In addition, increase of volatiles after gene dilution does not seem to add up to the story, placing
post transcriptional gene silencing (PTGS) or alternative splicing as possible explanations for such
phenomenon.

First of all, no significant difference scored at first CST experiment was considered to occur due to saturation of
Tenax line, hypothesis that after a second experiment was discarded. Since CST is a N. benthamiana naturally
produced volatile, when it is overexpressed by the strong 35S promoter and IME, in such case; its production
leaded to high amounts of yield. As a result, when compounds where measured by GCMS, the lack of
significant difference among treatments were believed to occur as a result of underestimation of gCST-volatile.
But, unexpectedly the second experiment with 5x dilution of gene dosage gave among five and eight fold
caryophyllene emission for both cCST and gCST treatments. Thereby, eliminating the first hypothesis. Thus, it
is concluded that the Tenax line was not saturated, but full gene dosage seemed to somehow hamper gene
enhancement. There are two possible explanations for this phenomenon. Either, posttranscriptional gene
silencing (PTGS) is triggered due to high amount of copy genes that overload the counter activity of P19, or;
splicing variants of CST may be lowering the amount of functional translated protein.

Since intron-mediated enhancement is believed to boost up the amount of transcripts, its logic to think that the
number of transcript, and with them, the amount of small interference RNA (SiRNA) and micro RNA (miRNA)
have leveled off as well. Increased amount of transcripts are the source for Dicer-like (DCL) molecules to cut
and produce siRNA and miRNA, which in turn trigger RNAi (“Wiley: Plant Transformation Technologies -
Charles Neal Stewart, Alisher Touraev, Vitaly Citovsky, et al,” n.d.). Even though, this research used P19 as a
RNAI suppressor, it seems that level of transcripts overweighed the level of P19. This hypothesis nicely suits
with the fact that higher gene expression in the first experiment do not correlates with the volatile results. If
transcripts are being silenced, no significant protein translation may be yielded.

However, in line with the previous reasoning, the amount of volatile and gene expression should have had
correlated in the second experiment. gCST treatments significantly 3-folded caryophyllene emission by cCST
treatments. Yet, despite gCST gene expression was higher than cCST, no significant difference was observed.
This may be the result of high variability of transcripts, which in turn are either the result of splicing variants of
the gene, or; the result of the number of copy genes that reached the cell.

Two gene models for CST, AT5G23960.1 and AT5G23960.2, have been reported in the Arabidopsis
Information Resource (TAIR).This variants not only differ in the length of two exons and introns, but also in
their coding region. However; this research used the sequence information of model AT5G23960.1 for cloning,
so the protein of model AT5G23960.2 is not expressed upon the clones constructed. Nonetheless, there are
three 73-lenght base pair ESTs reported for this gene, 089527_3020_1525, 103562_3723_0594 and
159444 2562_2796; which have the same 73 bp. This sequence form part of the last exon in the coding region
of the gene model used in this research. This reported transcript may be the possible splice variant that lowers
the amount of mMRNA measured by qPCR, as primers used did not have matching nucleotides with this variant.

On the other hand, high variability of gene expression when there are multiple copies of transgene may be a
logical explanation on why no significant difference in gene expression was found. Number of copy genes may
give variance in transcripts produced in the cell per biological replicate. Thereby leading to have no significant
differences due to such variation. In addition, it has been documented for A. thaliana that when there is low
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copy of transgenes in the cells of stable transformants with a reporter gene, expression levels tend to remain
steady (Schubert et al., 2004). It is also important to add that N.benthamiana have its own gene for CST but
not for ADS. This may be the reason why it was not necessary to dilute gene dosage in the case of ADS in
order to differentiate the results. But in the case of CST, high copy genes seem to plausibly result in high
variation of transcript produced. Which not only end producing high variability in gene expression, but may also
interfere with the real appreciation of intron-mediated enhancement due to chances of triggering PTGS.
Nonetheless, the trend is clear, and show higher transcripts for gCST treatments, which in turn are traduced in
higher volatile emission.

To conclude, increase of CST and ADS was observed as a result of intron mediated enhancement in gCST
and gADS. Nonetheless, copy number of transgenes blurred its possible full potential. PTGS is considered to
have been triggered as a result of high transcript production due to both, high copy gene number and intron-
mediated enhancement. Lately high variability of transcripts due to high copy gene number obscured the
possible real capacity of intron-mediated enhancement. Thus, stable transformants with different number of
copy genes should be tested for cCST, gCST, cADS and gADS in order to rule out variability and find the
threshold at which the copy of transgene start triggering PTGS.

11



Material and Methods

Vegetal material and Sample preparation

Eight-week grown N. benthamiana leaves were agroinfiltrated in two different experiments with 35S: cCST,
35S:gCST, 35S:cADS and 35S: gADS respectively. Along with the genes infiltrated, RNAI inhibitor P19 was
also infiltrated (Lakatos, Szittya, Silhavy, & Burgyan, 2004). Samples coming from gCST-agroinfiltration were
meassured in caryophyllene, humullene, copaene and caryophyllene oxidase, which are volatiles produced by
the effect of the same enzyme. Every sample was measured in caryophyllene and amorpha-4,11 diene-
synthashe volatile emission through head space analysis followed by Gas-Crhomatography Mass
Spectrometry. After head space analysis, vegetal material was kept under -80°C conditions and grinded in
liquid N for lately RNA isolation and gene expression analysis.

GENE CLONING
35S: cCST

TPS21 gene was amplified from flower's mRNA of A. thaliana lines overexpressing GCST. The gene was
subcloned into the expression vector plVA2.1 carrying the 35S promoter and the attlL sites for later LR
recombination reaction. pBINPlus binary vector was used for such lately purpose, which had Kanamycin
resistant gene in between nopaline promoter and terminator. The Agrobacterium strain AGL-0 was used for
transformation and ultimate agroinfiltration of N. benthamiana leaves. For 35S:cCST sequence in pBINPlus
see appendix.

35S:gCST was kindly provided by Hieng-Ming Ting. Such construct harbors the genomic gene coding for
GCST under the strong 35S promoter and the kenamycin resistant gene positive selection.

35S:gADS

The gene coding for amorpha-diene synthase was isolated from genome DNA from A. annua (L.) flowers. The
expression vector plV A2.1 was used to subclone the gene due to the presence of the 35S promoter and the
attL sites in the vector. LR recombination reaction was used to clone the gene and its promoter into the pBIN
Plus destination vector. 35S:gADS was transformed into AGL-0 Agrobacterium strain for lately agroinfiltration
into N. benthamiana leaves. For 35S:gADS sequence in pBINPlus see appendix.

35S: cADS gene was amplified from A. annua’s mRNA and lately inserted in the plV A2.1 vector, which in turn
was introduced into the pBIN Plus destination vector 35S: gADS. As in the case of ADS construct, AGL-0
strain was used to harbor the gene.

P19, RNAI inhibitor construct, was kindly provided by Bo Wang. The construct was used to prevent RNAI
towards the infiltrated genes.
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Tabla 1 List of primers used for vectir construction of 35S: cADS, 35S:ADS

Primer name Primer sequence 5' 3'

ADS1gd~ ATG TCA CTT ACA GAA GAA AAA CCT.
ADS2¢F CAC AGT ATT CCC GGG CTA GA
ADS2¢F CAT CCC CAC GCT GAATTT TA
ADS3gR TCA TAT ACT CAT AGG ATAAAC G
ADS3¢+ AAT GAT TCC CCC TCC CTT TAT
ADS4¢ GCA CTA AAG CAACCCCTT TG
ADS5¢~ GCA CGT GAC TGT ATG CAT TG
ADSXbal CTA CTC TAG AAT GTC ACT TAC AGA ,
ADSNcol GACAAACCATGGTCATATACTCATAGG

Table 5 List of primers used for vector construction of 35S: cCST

Primer name Primer sequence 5' 3'

At_CSTlcl ATG GGG AGT GAAGTC AACC
At_CST2c GGC ACC ATG AAATGG AGT TT
At_CST4dR CAT CCA TTG CAT CAG TGA AAA
At_CST3dr TCA AAT GGC TAT AGT TTC AAT GAG

JT103CarySIFNCOI TTT TCC ATG GGG AGT GAA GTC AAC |
JT103CarySTR-NOTI TTG GTT GCG GCC GCT CAA ATG GGT

ATTA

GCST and ADS heterologous production was achieved in N. benthamiana leaves by agroinfiltration of
Agrobacterium AGL-0 line carrying the respective gene. In addition, P19 was used to avoid gene silencing
response by the plant. Agroinfiltration was performed as described previously (van Herpen et al., 2010b). In
order to infiltrate the leaves, a 2mL syringe was used to inject the solution into the lower part of the leaves and
pressure was applied up until the mixture reached the whole leave.

Head space analysis

In order to measure the volatile emission levels of caryophyllene and amorpha-diene synthase in planta,
volatiles emitted by the agroinfiltrated leaves were trapped in lines containing 200 mg of Tenax TA (20/35 —
mesh, Alltech). A semi-closed system of head space analysis was used for such purpose. The system
comprehended normalized conditions for air temperature at 26°C, CO; inflow pressure at 4Ln.min™ for the
total amount of samples and H,O supply at 0.log.h'l. In order to provide inflow and outflow, a pump was
connected to the two airflow sources in the system. One was meant to provide airflow and the other to extract it,
the last one had connected the tenax line were the volatiles were trapped. Applied inlet and outlet flow
pressure to trap the volatiles were calculated for 150mL.min™" and 100mL.min™ respectively. Volatiles were
trapped along 2 hours (from 13:00 to 15:00). A jar was used to close the system and allow the circulating air be
captured by the pump-suctioned outlet flow.

The samples were treated in such way they were kept fresh during the whole procedure. Thereto, 4 days-
harvested leaves were watered by dipping their stem into small bottles filled with 4 mL water. Next, a JAR was
placed to cover each sample jointly with the airflow sources.
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GCMS

Gas-Chromatography Mass Spectrometer was used to measure the volatiles trapped by head space analysis.
Trace GC Ultra ™ (Thermo Electron Corporation, Austin, TX, USA equipped with Trace DSQ quadruple mass
spectrometer was used). Samples were loaded into the GCMS and the volatiles were released from the Tenax
traps by applying heat. For such purpose auto sampler UltrA ™ was used. Next, each sample was split 16
times due to having come from overexpressed infiltration. Gas chromatography was initiated with a starting
temperature of 40°C and eventually increased to 280°C in a gradient of 10°C.min™. Finally, the ion source of
the DSQ quadruple mass spectrometer was coupled to the column to scan the mass of each compound.

In order to identify and quantify the amount of caryophyllene and amorpha-diene synthases, retention time and
mass spectra was analyzed using the Xcalibur software and its respective library.

RNA isolation and Real-time PCR analysis

After head space analysis, leaves were frozen and grinded in liquid nitrogen from which RNA was isolated
using the RNAeasy mini kit (Qiagen, Hilden, Germany) for RNA extraction.

The primer concentration used for the RT-PCR was 3uM. Next, a gel electrophoresis was performed to check
the RNA quality, followed by RNA quantification by Nanodrop (Nanodrop-Technologies, USA). Reverse
transcription of the isolated RNA was performed using the iScript cDNA synthase kit from Biorad. Finally, RT-
PCR was performed using SYBR Green Supermix@ 2x Mix for Real-Time PCR 100 x 50uL reactions. A 10-fold
dilution of cDNA was the template used for gPCR. In addition, the housekeeping actin gene was used as the
reference for gene expression normalization. The primers used for qPCR for GCST and the actin gene were
designed using the Primer3plus software. The sequences are listed in the Table 6.

Table 6 List of primers used for gene expression analysis by RT-PCR

Primer name Primer sequence 5' 3'

CST_qgF TCA AGG ACG AARG GGA AG

CST _gR ATT GCG AGA TGA GGG CTA GA
Aa_ADS_Fwd GGA GTATGC CCAAACCTT GA
Aa_ADS Rev: TCG TCT CCC ATA CGT GTG AA
Nb_Actin FW GTG GTT TCA TGA ATG CCA GCA
Nb_Actin Rv GAT GAA GAT ACT CAC AGA AAG A

Nb_Ubiquitin FW  GCC GAC TAC AAC ATC CAGAAG
Nb_Ubiquitin Rv TGC AAC ACA GCG AGC TTAACC

14



CHAPTER II:

Exploring putative function of Gluthathione S- transferase
to improve artemisnin production in planta

Abstract

Flavonoids and terpene byosinthetic routes seem to be co-expressed in different plant species. Both pathways
seem to be dependent on the possible transporting-related intermediate gluthation S-transferase (GST) to
facilitate conjugations between glutathione (GSH) and the corresponding metabolite; which in turn drive to
presumably transporting through interaction with transporter proteins in the cell. Artemisa annua, antimalaric
artemisinin-producing plant, has shown similar gene expression for both flavonoids and terpene related genes.
On top of that, A. annua GST5 (GST5) gene expression have been found to follow same terpene-related gene
expression. So, this work studied the effect flavonoid may have on artemisinin production and the role GST5
may have on flavonoid and artemisin pathway ectopically expressed in N. benthamiana system.
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Introduction

Exploring the connection between A. annua GST5, terpenes and flavonoids

Not only important because of its coloring capacity but also because of the strong antioxidant activity,
flavonoids are secondary metabolites produced in higher plants which have been studied for human health
benefit purposes(Flavonoids: Chemistry, Biochemistry and Applications (Google eBook), 2005). Its chemical
composition is characterized by a backbone C6—-C3-C6. Flavonoids are classified in three major groups which
are anthocyanins, proanthocianidins (tannins) and phenols. Anthocyanins have successfully been expressed in
N. benthamiana system, producing high amounts of flavonoids and other metabolites. In addition, flavonoid
transport have been related with gluthation conjugates, which in turn are dependent of gluthation s-transferase
GST. Curiosly, A. annua GST5 has been found to be expressed as terpene genes in A. annua, which also is
coincidental with flavonoid production in glandular trichomes of A. annua.

Studies on A. thaliana show that flavonols are produced following the phenylpropanoid pathway in which 4-
coumaroyl-CoA reacts with 3x malonyl-CoA and works as a substrate for dihydroflavonols production. Specific
enzymes such as chalcone synthase (CHS), chalcone isomerase (CHI), flavones 3-hydroxylase (F3H), and
flavanone 3’-hydroxylase (F3"H) catalyze dihydroflavonols production. The genes encoding such enzymes are
activated by R2R3-MYB proteins which are MYB 11, MYB12 and MYB 111 and basic/helix-loop-helix (bHLH)
transcription factors family (Li, 2014; Toledo-Ortiz, Hug, & Quail, 2003). Moreover, flavonoid pathway has been
expressed in N. benthamiana system producing flavonoids and compounds from other biosynthetic routes.
Arthirrinum majus MYB and bHLH transcritption factors expressed in N. benthamiana system showed increase
of delphinidin-3-rutinoside (D3R) and other metabolites related with alkaloid byosynthesis(Outchkourov
et al., 2014).

After flavonoid production, the molecules are to be transported to the vacuole and along the
cell.Interestingly, the flavonoids transport in the cell are related to the formation of conjugates with
glutathione(GHS). In addition, terpenes transport is believed to be GST-dependent as metabolite-GSH
conjugations are believed to be intermediates in metabolite transport (Dixon, Skipsey, & Edwards, 2010).
First of all, flavonoids are believed to be transported by ATP-binding proteins, which after conjugations
with gluthatione link flavonoids and are transported along the cell till the vacuole(Petrussa et al., 2013).
This mechanism is dependent on GST), which is an enzyme that allows glutathione-protein conjugations.
Curiously, A. annua have shown to give GST5 gene expression in the same pattern terpenes are
produced (Wang, 2014., not published). This is coincidentally related with flavonoid production, as it has
been shown that A. annua production of flavonoids is held in the same glandular trichomes (Wang,
Wang, Zhang, Qi, & Guo, 2009). Thus, GST5 and flavonoids transport may not only be connected with
each other, but also with terpenes.

Flavonodis may increase artemisinin compounds

Despite the fact that the metabolic routs for terpenes and flavonoids production seem to have nothing in
common, flavonoids and terpenes could still have molecular interactions in the plant cell. Studies suggest that
when flavonoid bulk increases, terpene does it in the same way. Had this been true, flavonoids could be
advantageous beyond its antioxidant properties in order to increase artemisinin compounds. Few studies
support flavonoid and terpene interaction. For example; terpenes production in tomato’s glandular trichomes
has been shown to decrease in deficient anthocianin mutant lines when a biosynthetic coding gene for an
isoform of chalcone synthase (CHI) harbors a truncation that produce an early stop codon in the sequence
(Kang et al., 2014). Another study that supports flavonoid- terpene interaction is the one conducted on rose
flowers. Production of anthocyanin pigment (PAP1), an Arabidopsis thaliana MYB transcription factor, was
shown to exert activation of phenylpropanoid pathway (P-PW) and biosynthetic routes for monoterpenes,
sesquiterpenes and norisoprenes. When this transcription factor was transiently expressed in Rosa hybrida
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flower, increase of monoterpenes, sequiterpnes and norisoprenes were scored. This change was attributed to
transcriptional activation of volatile-related genes originated by PAP1(Zvi et al., 2012). Additionally, the same
phenomena has been seen in coniferas, the transcription factor MYB14 encoded by PtMYB14 gene from Pinus
taeda has been shown as a putative gene for isoprenoid-oriented response and respective sesquiterpene
accumulation in conifers (Bedon et al., 2010). Finally, it was found that terpenes and flavonoid related genes
are expressed in glandular trichomes of A. annua (Wang et al., 2009), so it is logical to think that there could
be a positive relation between both pathways. Thus, flavonoids production may have a role in terpene
biosynthetic pathway.

This work studied the possible positive effect that GST and flavonoid activation pathway may have on
artemisinin production. A. annua GST5 and MYB transcription under 35S CAMV have been ectopically
expressed in N. benthamiana system along with artemisnin pathway gens (A-PW) of high artemisinin-
producing chemptype (HAP). By measuring glycosylated, non-glycosylated forms of A-PW products and
anthocyanin yield it was possible to measure increase in artemisin and asses the limiting role GST5 have on
flavonoid and terpene pathways. Such compounds were measured by UPLC-MRM-MS, LC-QTOF and
spectrophotometry.
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Results

To explore the effect flavonoids and A. annua GST5 (GST5) have on artemisinin production, GST5-flavonoids,
GST5-A-PW, and GST5-flavonoids-A-PW relations were investigated separately. First, A. annua GST5 and
flavonoids were explored by analyzing variability of phenylpropanoid-related compounds produced upon
expression of GST5+MYB in N. benthamiana. Secondly, the effect GST5 has on artemisinin precursors were
studied by measurement of glycosylated and non-glycosylated precursors of artemisinin. Finally, the effect
flavonoids and A. annua GST5 have on artemisinin production were assessed by analyzing non-glycosylated
artemisiniin precursors that were the result of expressing GST5+MYB+A-PW in N. benthamiana system.

Relation of GST5 AND FLAVONOIDS
MYB and bHLH produce necrotic leaves after 6dpi

First of all, in order to explore the effect of GST5 on flavonoid activated pathway in N. benthamiana, two
flavonoid-inducing transcription factors were expressed, MYB and bHLH. Along with them, GST5 and A-PW
were expressed in two different experiments (Table 5 and 6). Unfortunately, leaves were found necrotic after
6dpi, and no analysis were conducted for neither of the experiments. Although, it was observed that such
necrosis had to do with toxic compounds produced in the cell, most likely due to glycosylation of products
which came from flavonoid and artemisinin activation pathways.

Table 7 Experimental set up of transient expression of GST5, MYB and bHLH in N. benthamiana. Each gene was used in the same dosage (5mL)
Treatment name Gene combination Ha_rvestlng time
p0|nt
Control 3EV+P19
6dpi
GST5 GST52EV +P19
GST5+ bHLH GST5+EWBWHLH-P19
GST5+ MYB GST5MYBrEV+P19
GST5+ MYB +
bHLH GST5MYBHOHLH-P19

Table 8 Experimental set up of transient expression of GST5, MYB, bHLH and A-PW in N. benthamiana. Each gene was used in the same dosage (5mL).

Harvesting time

Treatment name Gene combination point
Control A-PW+3EV¥P19

A-PW+GST5 A-PW+GST5EV+P19 6dpi
A-PW+GST5+ bHLH A-PW+GST5+ERHLH+P19
A-PW+GST5+ MYB A-PWIGSTS5MYBHEV+P19
SAFLVHVJ’GSTSJ' MYB + A PW+GSTO#YBIHHLHPLO

pictures, samples in freezer?
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Effect of GST5 on MYB induced phenylpropanoid pathway in N.benthamiana

After the necrosis resulted from transient expression of two transcription factors in N.benthamiana, it was
decided to continue further experiments using only MYB transcription factor to activate flavonoids production.
So, for the next experiment GST5 and MYB were put together to assess any change on P-PW related
compounds (Table 7). FA:MetOH extracts were prepared upon 5dpi leaves and eventually measured by LC-
QTOF in positive ionization. The results showed that GST5 enhance MYB-related products.

Table 9 Experimental set up of transient expression of GST5, and MYB in N. benthamiana. Each gene was used in the same dosage (5mL).

Harvesting time

Treatment name Gene combination point Analysis

GST5+MYB GST5+MYB+ P19 _ LC-QTOF (+) mode

MYB EV +MYB+P19 >dp! LC-QTOF (+) mode

GST5 4EV +GST5+P19 LC-QTOF (+) and (-) mode
EV SEV+P19 LC-QTOF (+) and (-) mode

The chromatograms displayed in figure 9 show a variety of peaks that are common for MYB and GST5+MYB
treatments, but not common for the EV and GST5 treatment. This indicates that MYB had an effect on
N.benthamiana metabolites. Next, such peaks were measured and masses were compared with previous
literature to find out their identity.
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Figure 9 LC-QTOF chromatogram (total ion count) of MetOH:FA extracts of N. benthamiana fresh leaves. Chromatograms are displayed according to each
treatment. EV+P19 (Red), GST5 + P19 (Green), MYB + P19 (Purple), and GST5 + MYB + P19 (Black).
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Table 8 shows the main compounds activated by MYB, which also increased as a result of expressing GST5
and MYB together. When comparing both treatments, 1-O-(E)-caffeoylquinic acid and Feruloylputrescine
significantly increased in more than 1.8 times in GST5+MYB treatment. On the contrary, the anthocyanin D3R
also increased more than 1.8, however; no significantly. Thus, A.annua GST5 increased MYB-related
compounds which also have relation with other pathways, but anthocyanin were risen up in less impact. This
interesting result may suggest GST5 is involved in other metabolic routes.

Table 10 List of A-PW related compounds that increased by addition of GST5. Peak intensity is the mean of four biological replicates +/-SD. Putative name
and molecular formula was set based on masses previously described by (Outchkourov et al., 2014).

Putative name 1-O-(E)-caffeoylquinic acid Delphinidin-3-rutinoside Feruloylputrescine
(D3R)

Ret T (min) 18.5095 9.5383 9.8636

Mass(D) 355.1024 611.1635 265.1554

beak GST5+MYB 132.6 +42.2054 104.6 +22.5566 120.8 +14.9566

intensity EV4MYB 59.5 +31.9635 57.75 +28.1588 66.25 +37.3218

Molecular formula Ci16H1809 C27H31016 Ci14H2003N,

TTEST 0.0342 0.0595 0.0392

Ratio GST5+MYB/MYB 2.2286 1.8113 1.8234

Effect of GST5, terpenes AND MYB on flavonoids
Flavonoid levels may be affected by terpene production

Knowing that D3R anthocyanin production is stimulated by MYB in comparison with EV(Figure 9 and Table 8),
anthocyanin total quantification was measured in order to find out how it changes when terpenes, GST5, MYB
or the three of them are expressed in N.benthamana (Table 9). Unpredictably, GST5 seem to limit flux of
flavonoid and terpenes. Moreover; necrosis at 5dpi suggests glycosylation of compounds due to toxicity
coming from both PW-products.

Table 11Experimental set up of transient expression of GST5, MYB and A-PW in N. benthamiana. Each gene was used in the same dosage (5mL).

Treatment name Gene combination Eirg%sgii:? Analysis

A-PW+GST5+MYB A-PW +GST5+MYB+P19 Spectrophotometry
A-PW+MYB A-PW +EV+MYB+P19 Spectrophotometry
A-PW+GST5 A-PW+P19+EV+GST5 5 dpi Spectrophotometry
A-PW (control) 2EV +A-PW+P19 Spectrophotometry
GST5 5EV+GSTHP19 Spectrophotometry

A-PW+ GST5 showed lowest levels of anthocyanin in comparison with the rest of the treatments. These results
suggested that GST5 limited the flux of flavonoid production when terpenes are expressed in the cell. In
addition necrosis at 5dpi were observed in leaves of the treatments A-PW+GST5+MYB and A-PW+MYB
suggesting the production of conjugated and or glycosylated compounds upon that moment, which ultimately
could be artemisinin glycosylated precursors and MYB-related products.
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Figure 10. Necrotic symptoms of N. benthamiana leaves harvested after 5dpi (Right). Anthocyanin quantification of N. benthamiana leaves
harvested after 5dpi (left)



Relation of GST5 AND A-PW
Effect of GST5 on artemisinin-PW glycosylated compounds.

In order to address the role GST5 has on terpenes, GST5 and A-PW were transiently expressed together
(Table 10) and the effect on glycosylated artemisinin compounds were measured. Non-targeted analysis was
performed for such purpose. After 5dpi, FA:MetOH extracts were collected from leaves and different
compounds were analyzed by LC-QTOF in positive and negative mode, which correspond to positive and
negative ionizations respectively. As expected, results showed that GST5 decreased glycosylated artemisinin
precursors.

Table 12 Experimental set up of transient expression of GST5 and A-PW in N. benthamiana. Each gene was used in the same dosage (5mL).

Harvesting time

Treatment name Gene combination point Analysis

A-PW+GST5 A-PW+P19+GST5 LC-QTOF (-) mode

A-PW (control) EV+P19+A-PW . LC-QTOF (-) mode

GST5 4EV+P19+GSTS 2dpl LC-QTOF (+) and (-) mode
EV SEV+P19 LC-QTOF (+) and (-) mode

Figure 12 shows A-PW-related compounds depicted at range 22.5 to 32.5 minutes of RT in the
chromatograms of A-PW+GST5, A-PW, GST5 and EV. As it is shown, few peaks are common for A-PW
containing treatments, but not for GST5 and EV treatments. Such peaks correspond to A-PW products.
Secondly and after analyzing peak intensities, it was found that for treatment A-PW+GST5 three glycosylated
artemisinin precursors significantly decreased in more than half the amount A-PW alone produced in N.
benthamiana (Table 7). Thus, GST5 decreases glycosylated forms of artemisinin precursors presumably due
to artemisinin precursors-gluthation conjugations that further interact with transporter proteins, thereby allowing
A-PW transformation for such compounds in the apoplast. Should this been true, the reduced amount of
artemisinin glycosylated precursors should end up in more ‘free form’ compounds or non-glycosylated
precursors. If it is not the case, maybe GST5 decreases the overall A-PW flux due to other molecular
interactions in the cell. So, a further experiment to measure non-glycosylated artemisinin precursors was set
up in order to find the most suitable explanation.
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Figure 11 LC-QTOF chromatogram (total ion count) of MetOH:FA extracts of N. benthamiana fresh leaves. Chromatograms are displayed according to each
treatment. EV (Red), GST5 (Green), A-PW (control) (Purple), and A-PW+GST5 (Black).
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Table 13 List of A-PW related compounds that significantl y

decreased

in more than

hal f by addition of

test p<0.05. Peak intensity is the mean of four biological replicates +/-SD. Putative name and molecular formula was set based on masses previously

described by (Ting et al., 2013)

GST6S.

Putative name

Ret T (min)

Mass(D)

Peak intensity A-PW+GST5
A-PW+EV

Molecular formula

TTEST

Ratio APW+GST5/ W

DHAAOHMHex2
31.3077
545.2966
41.5 £11.5614
93 +36.3226
GHaOn
0.0355

0.4462

(DHAAHex3) FA
29.0328
767.3357

36.75 +12.4733
75.5 +19.5533
C34H58018

0.2926

0.4423

AAHEX2Mal([2M-h]-)
27.2457

1287.5696

62.5 +14.3875
129.25 +42.1693
C‘GDHBSQ’:D

0.0241

0.4868
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Relation of GST5, A-PW and MYB on artemisinin-pathway products.

After confirming that expression of GST5 resulted in decrease of certain glycosylated A-PW compounds and
knowing that GST5 have a positive effect on MYB-related compounds and D3R production; it was time to
further advance in the investigation explaining two milestones. First, it was necessary to clarify whether there is
an increase of non-glycosylated artemisinin precursors as a result of adding GST5. Secondly, finding out if
GST5 and MYB may synergistically affect artemisinin production was required to know. Thereto, seven
treatments including GST5, MYB and A-PW were expressed in N. benthamina (Table 9). FA-MetOH extracts
from 5dpi and 13dpi harvested-leaves were collected, and lately A-PW products were measured through UPLC.
In addition, 3dpi leaves were also harvested and analyzed to find out if absence of necrosis is linked to any
difference in artemisinin and its precursor’s production.

Results showed that GST5 do not significantly increase A-PW products when expressed alone with A-PW.
However, MYB and GST5 together boosted up artemisinin and its precursors.

Table 14 Experimental set up of transient expression of GST5, A-PW and MYB in N. benthamiana. Each gene was used in the same dosage (5mL)
Treatment name Gene combination Harvesting time point ~ Analysis
A-PW+GST5+MYB A-PW+P19+GST5+MYB UPLC
A-PW+MYB A-PW+P19+EV+MYB UPLC
A-PW+GST5 A-PW+P19+EV+GST5 UPLC
GST5+MYB 4EV+P19+GST5+MYB 3, 5 and 13 dpi

A-PW (control) 2EV+P19+A-PW UPLC
MYB 5EV+P19+MYB

GST5 S5EV+P19+GST5

Effect of GST5 to A-PW: artemisinin non-glycosylated precursors

First of all, since non-targeted analysis of artemisinin precursors showed that the treatment GST5 to A-PW
yielded half the amount of glycosyded artemisinin precursors DHAAOH-Hex2, (DHAA-Hex3)FA, and AA-
HEX2-Mal([2M-h]-) that A-PW treatment produced (Tablel0), it was expected that the respective free form of
such compounds should increase in the same ratio. Nonetheless, there was no significant change for this
compounds (Table 12). Moreover; the rest of non-glycosylated artemisinin precursors did not show significant
change as well (Figure 15).Thus, GST5 increae A-PW products but its low significance may suggest that other
non-GST dependent interactions may be occurring in the cell, which in turn hamper the increase of free form of
artemisinin precursors.

Table 15 Non-glycosylated aremisinin precursors after 5dpi as measured by UPLC-MS
A-PW+GST5 A-PW (control) Ratio APW+GST5/A
PW(control)
DHAA  4.97E+041.38E+04 5.72E+042.47E+04 0.87
int':;iz‘;y 9.46E+042.48E+04 8.61E+04:2.67E+04 1.10
DHAAOH 3.07E+04:6.52E+03 3.47E+04-1.43E+04 0.89
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MYB and GST5 increase artemisinin precursors

Secondly, non-glycosylated compounds were found to have increased for A-PW+GST5+MYB and A-PW+MYB
treatments after 5dpi (Figure 15). At this time point, no artemisinin or arteannuin B was detected. However the
high production of DHAA over AA suggested a high artemisinini-producing chemmotype (HAP) as previously
described by (Ting et al., 2013). On the contrary, after 13dpi the treatments aforementioned showed the lowest
production of artemisinin precursors. Moreover; low DHAA yield in comparison with AA showed that the
chemotype changed to low-artemisinin producing chemotype (LAP). This was confirmed by the high
measurement of arteannuin B in comparison with artemisinin at 13dpi (Figure 16).
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Necrosis in leaves

Finally, necrosis was scored for the three time points as it is depicted in Figure 13. From these results it was
inferred that glycosylated products and conjugations are presumably formed after 5dpi as necrosis starts

A-PW+GST5+MYB

A-PW+MYB

A-PW+GST5

GST5+MYB

A-PW

Figure 15 N. benthamiana leaves harvested after three different days post infiltration (dpi)
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Discussion

Effect of A. annua GST5 on flavonoid

A. annua GST5 increases part of MYB-related products and in less proportion anthocyanins which suggest that
GST5 limits the flux of the pathways. MYB was previously reported to be involved in the activation of other
metabolic pathways besides phenylpropanoid in N. benthamiana when it also increased compounds coming
from alkaloid biosynthetic rout (Outchkourov et al., 2014). Following this fact, it was thought that GST5 would
enhance the same products as glutathione conjugations have been proposed as intermediates for metabolite
transport in the cell (Dixon et al., 2010). However, just part of MYB-related compounds significantly increased;
whereas the anthocyanin D3R did not. This unevenly increase of compounds may suggest that GST5 is
limiting the flux of pathways. Moreover, endogenous N. benthamiana GST may have more affinity for certain
products and so bias the pathway flux towards such compounds.

MYB may be inducing endogenous N. benthamiana GST, which in turn may trigger interactions with GST and
MYB-related compounds produced. It has been seen previously that A. majus MYB and bHLB enhance gene
expression of GST in other solanaceae, Solanum lycopersicum (Butelli et al., 2008). Thus, not only GST5
affect phenylpropanoid and other MYB- related compounds, but also such compounds affect GST production.
Ultimately, this trade-off may suggest other protein-protein interactions that need to be explored. Nonetheless,
GST5 participation in more than one metabolic route is in line with the hypothesis that possibly GSH
conjugations allow further interactions with transporter proteins that ultimately allow transport and eventual
conversions of compounds along the cell.

In addition, drop off of total anthocyanin quantification when co-expressing GST5 and A-PW and compared
with anthocyanin quantification of both genes expressed separately in N. benthamiana system supports GST5
limiting role in the flux of terpene and flavonoid pathways.

Effect of A. Annua GST5 on artemisinin-precursors

GST5 decreased glycosylated artemisinin precursors which suggested that non-glycosylated precursors may
have increased as a result of more availability of substrate. Possible conjugations between GSH and
artemisinin precursors produced after expressing GSH and A-PW may possibly make such molecules more
available for further reactions in the pathway. However another limiting factor in the flux seem to hampers such
availability. Some of the glycosylated artemisinin precursors previously detected by Ting et al., 2013 where
decreased by GST5. DHAAOH-Hex2, (DHAA-Hex3) FA and AA-HEX2-Mal([2M-h]-) were produced in
half the amount A-PW produces without GST5. It was expected that such decrease evolves in non-
glycosylated compounds augment. However only part of what is lost in glycosylated products is seen back as
free product. This may suggest that either GST5 reduce total flux of the pathway or that GST5 is limiting the
reaction.

Effect of A.annua GST5 and A. majus MYB on artemisinin production

By combining MYB, GST5 and A-PW in N. benthamiana, production of artemisinin and arteannuin B after
13dpi increased 4-fold compared to only expressing A-PW gene. On top of that; it was found that MYB
induces low HAP chemotype after 5dpi, which changed to LAP chemotype after 13 dpi. This suggests that
glycosylation of DHAA and other artemisinin precursors start after 5dpi, which also correlates with necrosis
detected in leaves (Figure 14). Thus, even though precursors are boost up by MYB and GST5, the latter may
seem not to be enough to counter glycosyaltaion.
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Future perspectives

First of all, it is necessary to further understand GST role in phenyl-propanoid, alkaloid and terpene
biosynthesis. Separately ectopic overexpression of endogenous N.benthamiana GST and A. annua GST5
along with MYB and A-PW may give the possibility to understand what are the possible affinities of both GST.
In this way, it could be possible to know more about the limitant character of GST.

Secondly, a transporter protein should be added to the combination of MYB, GST5 and A-PW to determine inj
what extent artemisinin and its precursors may be increased.
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Material and Methods

Sample Preparation

Four replicates of N. benthamiana leaves were agroinfiltrated according to each experiment and let to produce
the proteins for five and thirteen days. Next, leaves were harvested, grinded in liquid N and freezer dried
depending on the case. Lately, FA:MetOH extracts were made out of the drug material and eventually
analyzed either by LC-QTOF or Ultra-Performance —Liquid Chromatography- mass spectrometry (UPLC-MS).

Constructs

Artemisinin pathway genes used in this experiment were V5, DBR2, ALDH1 and P450 belonged to HAP
chemotype and were provided by Bo Wang.

35S:GST5 used in this experiment were kindly provided by Bo Wang.
35SS:MYB and 35S:bHLHtranscription factor constructs were gently provided by Nicola Outsckorov.
Agrobacterium transient transformation

Agrobacterium AGL-0 strain were used to harbor all the constructs used in this study. In addition, P19 were
used to prevent N. benthamiana to silence the agroinfiltrated genes (Lakatos et al., 2004). Leaves were
infiltrated as previous described (van Herpen et al., 2010b). In order to infiltrate the leaves, a 2mL syringe was
used to inject the solution into the lower part of the leaves and pressure was applied up until the mixture
reached the whole leave

Targeted analysis of artemisinin and its precursors

In order to measure A-PW compounds, harvested leave material conserved under -80°C was grinded and
consequently treated with methanol-formic (1000:1 v/v) acid to extracts the active compounds. Next, samples
were loaded into UPLC-MS. The methodology used for targeted compounds measurement was the one
described previously by (Ting et al., 2013). Transition mass and retention time results were compared with
authentic artemisinin standard.

Untargeted analysis of metabolites

Agroinfiltrated leaves were harvested after 5dpi and 13 dpi, kept under -80°C conditions and posteriorly
grinded. Methanol: formic acid (1000:1 v/v) was used to extract the active compounds, which lately were
analyzed by LC-QTOF-MS. The results were visualized with Masslynx 4.0 software and analyzed using
MetALign version 1.0 for LC-QTOF-MS. Compounds in the range of 10 to 47 minutes retention time were
considered in the analysis and results were analysed based on previous research by Ting et al., 2013.

Total anthocyanin quantification

5dpi fresh leaves were grinded in liquid N and treated with five volumes of 1% HCI, (w/v) for 16 hours at 4°C.
Next, extracts were clarified by centrifugation followed by spectrophotometric measurement of anthocyanin
pigments at 530 nm and 657nm. Late, results were corrected for Ch 1 and its degradation products (Rabino &
Mancinelli, 1986). The formula [A530-(0.25A657)/mg fresh weight] was used to correct degradation products
and weight.
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Appendix

Supportive tables

Table S. 1 Endogenous N.benthamiana metabolites increased as a result of GST5, MYB and A-PW ectopic expression

a) GST5vs EV (+) and (-) mode

b) GST5+MYB vs MYB (-) mode

c) GST5+PWvs PW (-) mode

Ret
(min)

20.64023

28.07625

Mass

(D)

415.254

654.4208

RATIO GST5/EV

2.449275

2.376812

Ret
(min)

10.73032
13.16603
15.26055

18.52732

18.85258

26.66745
26.66745
26.66745

26.66745

Mass

(D)

731.1768
531.1314

517.1349

136.0515
596.1719

301.1183
255.1127
403.1253

388.1569

RATIO GST5 +
MYB/MYB

2.037267
2.783333

2.141615

2.015584
2.305556

2.061692
2.154717
2.232168

2.301031

Ret
(min)

15.27948

20.31548
21.03745
24.95477

25.98227

27.40837
28.04105

28.0589

Mass

D)

447.1762

540.2188
611.2507
745.3295

748.348

483.2508
438.2233

396.2106

RATIO
GST5+PW/PW

0.472464

0.489362
0.491103
0.473804

0.491103

0.484211
0.498328

0.47806




29.17708
29.17708

29.17708

30.22433

680.4149
701.3946

717.3677

723.4399

2.181159
2.036232

2.471014

2.507246

29.37487

30.24163

30.49357

33.74247

35.74577
35.74577

36.14438

36.14438

38.52654

38.59797

38.77847

38.81418

39.6095

40.60128

315.1326

527.2296

507.2198

301.0735

385.1406

612.2576

643.2808

861.3027

716.2977

301.071

745.2626

519.1755

892.3036

642.2654

2.262857

2.17971

2.014815

2.088623

2.307246

2.378378

2.307246

2.60274

2.209524

2.546119

2.180488

2.293333

2.106509

2.178723

29.03282

30.22475

33.49152

35.24288

36.05417

36.59565

37.31764

38.59895

39.23163

39.68193

40.54868

767.3357

1473.113

233.1553

876.4727

876.4715

876.474
876.476

876.4732

876.4702

876.4738

876.4749

0.486755

0.497191

0.495441

2.036232

2.485507

2.731884
2.884058

3.355072

3.086957

3.130435

2.949275




40.92753 876.4734 2.137681
45.07793 821.3257 2.4
45.22272 506.1955 2.058883

41.97479 588.3776 0.464646




Table S. 2 Glycosylated artemisinin precursors

Putative name AAOH- DHAAOH- AA-Hex2  DHAA-Hex2- (DHAAOH-Hex3) (DHAA-Hex3) (DHAA-Hex3) AA-HEX2-
Hex2 Hex2 Mal FA FA FA Mal([2M-h]-)
Ret T (min) 26.1270 31.3077 30.4588 28.9435 27.1386 26.4702 29.0328 27.2457
Mass(D) 543.2584  545.2966 557.2618 645.2748 753.3628 767.3335 767.3357 1287.5696
Peak A- 345+ 415+ 345+ 80.75 345+ 345+ 36.75 62.5
intensity  PW+GSTS | g 8150 11.5614 9.8150  87.2024 9.8150 9.8150 12.4733 14.3875
A-PW+EV | 175 93+ 166.75 + 345+ 96.75 78 + 75.5 + 129.25 +
167.5371  36.3226 157.0316  9.8150 83.4121 74.7841 19.5533 42.1693
Molecular formula C27H440 C27H46011 C27H420 C30H44015 C34H58018 C34H56019 C34H56019 C60H88030
11 12
TTEST 0.1451 0.0355 0.1437 0.3324 0.1888 0.2926 0.0156 0.0241
RATIO A-PW+GST5/ A- | 0.1971 0.4462 0.2069 0.4083 2.3406 0.3566 0.4423 0.4868
A-PW
Table S. 3 MYB- related compounds increased upon MYB expression on N. benthamiana
Putative name N'- Hydroxyoctanoyl- 1-O-(E)-caffeoylquinic  Delphinidin-3- Feruloylputres  Caffeoylputres
Octanoylnornicoti nornicotine Il acid rutinoside cine cine
ne
Ret T (min) 37.4972 26.2886 18.5095 9.5383 9.8636 4.9545
Mass(D) 275.1931 291.0981 355.1024 611.1635 265.1554 251.1393
Peak GST5+MY | 10033.4 + 72.4 + 132.6 + 104.6 = 120.8 + 232
'y”tes't B 617.6972 30.8432 42.2054 22.5566 14.9566 87.4100
EV+MYB 6456.5 £ 37+ 595+ 57.75 66.25 + 84 +
5068.73 13.34166 31.96352 28.15878 37.3218 63.74428
Molecular formula | C17H260N2 C17H2602N2 C16H1809 C27H31016 C14H2003N2 C13H1803N2
TTEST 0.2320 0.0738 0.0342 0.0595 0.0392 0.0555
Ratio 1.5540 1.9568 2.2286 1.8113 1.8234 2.7619
GST5+MYB/MYB




Table S. 4 Non-glycosylated artemisinin precursors as measured by UPLC-MS

5dpi 13 dpi

Treatment/ A- A- A- A-PW A- A- A-PW+GSTE A-PW

Compound PW+GST5+MYB PW+MYB PW+GST5 (control) PW+GST5+MYE PW+MYB (control)
Mean AB ND ND ND ND 1.93E+05 1.69E+05 4.88E+04 3.87E+04
SE 52286.17 24789.48 7572.174  8681.685
Mean AN ND ND ND ND 1.90E+04 1.50E+04 5.37E+03 4.83E+03
SE 4209.051 1531.5 3134.586 1992.03
Mean DHAA 3.48E+05 1.73E+05 4.97E+04 5.72E+04 2.95E+04 494E+04 1.27E+05 9.92E+04
SE 39253.7453 65801.14 13826.68 24684.69 14129.97 11984.94 30573.3 11756.17
Mean AA 2.44E+05 1.16E+05 9.46E+04 8.61E+04 6.23E+04 9.10E+04 3.15E+05 3.04E+05
SE 25897.14505 19433.06 24838.73 26699.48 28940.94 19043.78 79364.21 28150.7
Mean AAOH 2.86E+06 1.58E+06 3.24E+05 3.53E+05 1.69E+05 2.96E+05 5.51E+05 3.91E+05
SE 658713.4167 593106 73017.7 131955.9 92673.18 65400.31 64841.18 106339.5
Mean DHAAOH 1.08E+05 6.21E+04 3.07E+04 3.47E+04 9.27E+03 1.62E+04 5.45E+04 3.90E+04
SE 21561.88072 20711.22 6522.694 14292.99 3873.994 5129.241 6399.635 11035.94
Mean AAA 8.75E+05 5.09E+05 2.25E+04 3.39E+04 3.36E+05 4. 33E+05 1.77E+05 2.08E+05
SE 156108.494 115043.9 5798.516 14197.5 35691.74 65731.45 26214.74 37624.11
Mean DHAAA 5.78E+04 3.30E+04 5.65E+03 9.14E+03 2.25E+04 2.61E+04 3.10E+04 3.48E+04
SE 10349.67547 6237.622 984.7405 4279.433  4029.236 1754.44 5048.282 9172.825




cCST pBINPIlus vector sequence
>cCST_pBiNplus

TAACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCA
ACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCG
CACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGCCCGCTCCTTTCGCTTTCT
TCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCC
CTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTG
ATGGTTCACAAACTATCAGTGTTTGACAGGATATATTGGCGGGTAAACCTAAGAGAAAAG
AGCGTTTATTAGAATAATCGGATATTTAAAAGGGCGTGAAAAGGTTTATCCGTTCGTCCA
TTTGTATGTGCATGCCAACCACAGGGTTCCCCAGATCTGGCGCCGGCCAGCGAGACGAGC
AAGATTGGCCGCCGCCCGAAACGATCCGACAGCGCGCCCAGCACAGGTGCGCAGGCAAAT
TGCACCAACGCATACAGCGCCAGCAGAATGCCATAGTGGGCGGTGACGTCGTTCGAGTGA
ACCAGATCGCGCAGGAGGCCCGGCAGCACCGGCATAATCAGGCCGATGCCGACAGCGTCG
AGCGCGACAGTGCTCAGAATTACGATCAGGGGTATGTTGGGTTTCACGTCTGGCCTCCGG
ACCAGCCTCCGCTGGTCCGATTGAACGCGCGGATTCTTTATCACTGATAAGTTGGTGGAC
ATATTATGTTTATCAGTGATAAAGTGTCAAGCATGACAAAGTTGCAGCCGAATACAGTGA
TCCGTGCCGCCCTGGACCTGTTGAACGAGGTCGGCGTAGACGGTCTGACGACACGCAAAC
TGGCGGAACGGTTGGGGGTTCAGCAGCCGGCGCTTTACTGGCACTTCAGGAACAAGCGGG
CGCTGCTCGACGCACTGGCCGAAGCCATGCTGGCGGAGAATCATACGCATTCGGTGCCGA
GAGCCGACGACGACTGGCGCTCATTTCTGATCGGGAATGCCCGCAGCTTCAGGCAGGCGC
TGCTCGCCTACCGCGATGGCGCGCGCATCCATGCCGGCACGCGACCGGGCGCACCGCAGA
TGGAAACGGCCGACGCGCAGCTTCGCTTCCTCTGCGAGGCGGGTTTTTCGGCCGGGGACG
CCGTCAATGCGCTGATGACAATCAGCTACTTCACTGTTGGGGCCGTGCTTGAGGAGCAGG
CCGGCGACAGCGATGCCGGCGAGCGCGGCGGCACCGTTGAACAGGCTCCGCLTCTCGLCGC
TGTTGCGGGCCGCGATAGACGCCTTCGACGAAGCCGGTCCGGACGCAGCGTTCGAGCAGG
GACTCGCGGTGATTGTCGATGGATTGGCGAAAAGGAGGCTCGTTGTCAGGAACGTTGAAG
GACCGAGAAAGGGTGACGATTGATCAGGACCGCTGCCGGAGCGCAACCCACTCACTACAG
CAGAGCCATGTAGACAACATCCCCTCCCCCTTTCCACCGCGTCAGACGCCCGTAGCAGCC
CGCTACGGGCTTTTTCATGCCCTGCCCTAGCGTCCAAGCCTCACGGCCGCGCTCGGCCTC

TCTGGCGGCCTTCTGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGT



TCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATC

AGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAA

AAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAA

TCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCC

CCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTC

CGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTTCCGCTGCATAACCCTGCTTCGGGGTCA

TTATAGCGATTTTTTCGGTATATCCATCCTTTTTCGCACGATATACAGGATTTTGCCAAA

GGGTTCGTGTAGACTTTCCTTGGTGTATCCAACGGCGTCAGCCGGGCAGGATAGGTGAAG

TAGGCCCACCCGCGAGCGGGTGTTCCTTCTTCACTGTCCCTTATTCGCACCTGGCGGTGC

TCAACGGGAATCCTGCTCTGCGAGGCTGGCCGGCTACCGCCGGCGTAACAGATGAGGGCA

AGCGGATGGCTGATGAAACCAAGCCAACCAGGAAGGGCAGCCCACCTATCAAGGTGTACT

GCCTTCCAGACGAACGAAGAGCGATTGAGGAAAAGGCGGCGGCGGCCGGCATGAGCCTGT

CGGCCTACCTGCTGGCCGTCGGCCAGGGCTACAAAATCACGGGCGTCGTGGACTATGAGC

ACGTCCGCGAGCTGGCCCGCATCAATGGCGACCTGGGCCGCCTGGGCGGCCTGCTGAAAC

TCTGGCTCACCGACGACCCGCGCACGGCGCGGTTCGGTGATGCCACGATCCTCGCCCTGC

TGGCGAAGATCGAAGAGAAGCAGGACGAGCTTGGCAAGGTCATGATGGGCGTGGTCCGCC

CGAGGGCAGAGCCATGACTTTTTTAGCCGCTAAAACGGCCGGGGGGTGCGCGTGATTGCC

AAGCACGTCCCCATGCGCTCCATCAAGAAGAGCGACTTCGCGGAGCTGGTGAAGTACATC

ACCGACGAGCAAGGCAAGACCGAGCGCCTTTGCGACGCTCACCGGGCTGGTTGCCCTCGC

CGCTGGGCTGGCGGCCGTCTATGGCCCTGCAAACGCGCCAGAAACGCCGTCGAAGCCGTG

TGCGAGACACCGCGGCCGCCGGCGTTGTGGATACCTCGCGGAAAACTTGGCCCTCACTGA

CAGATGAGGGGCGGACGTTGACACTTGAGGGGCCGACTCACCCGGCGCGGCGTTGACAGA

TGAGGGGCAGGCTCGATTTCGGCCGGCGACGTGGAGCTGGCCAGCCTCGCAAATCGGCGA

AAACGCCTGATTTTACGCGAGTTTCCCACAGATGATGTGGACAAGCCTGGGGATAAGTGC

CCTGCGGTATTGACACTTGAGGGGCGCGACTACTGACAGATGAGGGGCGCGATCCTTGAC

ACTTGAGGGGCAGAGTGCTGACAGATGAGGGGCGCACCTATTGACATTTGAGGGGCTGTC

CACAGGCAGAAAATCCAGCATTTGCAAGGGTTTCCGCCCGTTTTTCGGCCACCGCTAACC

TGTCTTTTAACCTGCTTTTAAACCAATATTTATAAACCTTGTTTTTAACCAGGGCTGCGC

CCTGTGCGCGTGACCGCGCACGCCGAAGGGGGGTGCCCCCCCTTCTCGAACCCTCCCGGC

CCGCTAACGCGGGCCTCCCATCCCCCCAGGGGCTGCGCCCCTCGGCCGCGAACGGCCTCA



CCCCAAAAATGGCAGCGCTGGCAGTCCTTGCCATTGCCGGGATCGGGGCAGTAACGGGAT

GGGCGATCAGCCCGAGCGCGACGCCCGGAAGCATTGACGTGCCGCAGGTGCTGGCATCGA

CATTCAGCGACCAGGTGCCGGGCAGTGAGGGCGGCGGCCTGGGTGGCGGCCTGCCCTTCA

CTTCGGCCGTCGGGGCATTCACGGACTTCATGGCGGGGCCGGCAATTTTTACCTTGGGCA

TTCTTGGCATAGTGGTCGCGGGTGCCGTGCTCGTGTTCGGGGGTGCGATAAACCCAGCGA

ACCATTTGAGGTGATAGGTAAGATTATACCGAGGTATGAAAACGAGAATTGGACCTTTAC

AGAATTACTCTATGAAGCGCCATATTTAAAAAGCTACCAAGACGAAGAGGATGAAGAGGA

TGAGGAGGCAGATTGCCTTGAATATATTGACAATACTGATAAGATAATATATCTTTTATA

TAGAAGATATCGCCGTATGTAAGGATTTCAGGGGGCAAGGCATAGGCAGCGCGCTTATCA

ATATATCTATAGAATGGGCAAAGCATAAAAACTTGCATGGACTAATGCTTGAAACCCAGG

ACAATAACCTTATAGCTTGTAAATTCTATCATAATTGGGTAATGACTCCAACTTATTGAT

AGTGTTTTATGTTCAGATAATGCCCGATGACTTTGTCATGCAGCTCCACCGATTTTGAGA

ACGACAGCGACTTCCGTCCCAGCCGTGCCAGGTGCTGCCTCAGATTCAGGTTATGCCGCT

CAATTCGCTGCGTATATCGCTTGCTGATTACGTGCAGCTTTCCCTTCAGGCGGGATTCAT

ACAGCGGCCAGCCATCCGTCATCCATATCACCACGTCAAAGGGTGACAGCAGGCTCATAA

GACGCCCCAGCGTCGCCATAGTGCGTTCACCGAATACGTGCGCAACAACCGTCTTCCGGA

GACTGTCATACGCGTAAAACAGCCAGCGCTGGCGCGATTTAGCCCCGACATAGCCCCACT

GTTCGTCCATTTCCGCGCAGACGATGACGTCACTGCCCGGCTGTATGCGCGAGGTTACTA

TGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCTCTTCCG

CTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTC

ACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGT

GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCC

ATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAA

ACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTC

CTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGG

CGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGC

TGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATC

GTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGGTTACCGACTGC

GGCCTGAGTTTTTTAAGTGACGTAAAATCGTGTTGAGGCCAACGCCCATAATGCGGGCTG

TTGCCCGGCATCCAACGCCATTCATGGCCATATCAATGATTTTCTGGTGCGTACCGGGTT



GAGAAGCGGTGTAAGTGAACTGCAGTTGCCATGTTTTACGGCAGTGAGAGCAGAGATAGC

GCTGATGTCCGGCGGTGCTTTTGCCGTTACGCACCACCCCGTCAGTAGCTGAACAGGAGG

GACAGCTGATAGACACAGAAGCCACTGGAGCACCTCAAAAACACCATCATACACTAAATC

AGTAAGTTGGCAGCATCACCCATAATTGTGGTTTCAAAATCGGCTCCGTCGATACTATGT

TATACGCCAACTTTGAAAACAACTTTGAAAAAGCTGTTTTCTGGTATTTAAGGTTTTAGA

ATGCAAGGAACAGTGAATTGGAGTTCGTCTTGTTATAATTAGCTTCTTGGGGTATCTTTA

AATACTGTAGAAAAGAGGAAGGAAATAATAAATGGCTAAAATGAGAATATCACCGGAATT

GAAAAAACTGATCGAAAAATACCGCTGCGTAAAAGATACGGAAGGAATGTCTCCTGCTAA

GGTATATAAGCTGGTGGGAGAAAATGAAAACCTATATTTAAAAATGACGGACAGCCGGTA

TAAAGGGACCACCTATGATGTGGAACGGGAAAAGGACATGATGCTATGGCTGGAAGGAAA

GCTGCCTGTTCCAAAGGTCCTGCACTTTGAACGGCATGATGGCTGGAGCAATCTGCTCAT

GAGTGAGGCCGATGGCGTCCTTTGCTCGGAAGAGTATGAAGATGAACAAAGCCCTGAAAA

GATTATCGAGCTGTATGCGGAGTGCATCAGGCTCTTTCACTCCATCGACATATCGGATTG

TCCCTATACGAATAGCTTAGACAGCCGCTTAGCCGAATTGGATTACTTACTGAATAACGA

TCTGGCCGATGTGGATTGCGAAAACTGGGAAGAAGACACTCCATTTAAAGATCCGCGCGA

GCTGTATGATTTTTTAAAGACGGAAAAGCCCGAAGAGGAACTTGTCTTTTCCCACGGCGA

CCTGGGAGACAGCAACATCTTTGTGAAAGATGGCAAAGTAAGTGGCTTTATTGATCTTGG

GAGAAGCGGCAGGGCGGACAAGTGGTATGACATTGCCTTCTGCGTCCGGTCGATCAGGGA

GGATATCGGGGAAGAACAGTATGTCGAGCTATTTTTTGACTTACTGGGGATCAAGCCTGA

TTGGGAGAAAATAAAATATTATATTTTACTGGATGAATTGTTTTAGTACCTAGATGTGGC

GCAACGATGCCGGCGACAAGCAGGAGCGCACCGACTTCTTCCGCATCAAGTGTTTTGGCT

CTCAGGCCGAGGCCCACGGCAAGTATTTGGGCAAGGGGTCGCTGGTATTCGTGCAGGGCA

AGATTCGGAATACCAAGTACGAGAAGGACGGCCAGACGGTCTACGGGACCGACTTCATTG

CCGATAAGGTGGATTATCTGGACACCAAGGCACCAGGCGGGTCAAATCAGGAATAAGGGC

ACATTGCCCCGGCGTGAGTCGGGGCAATCCCGCAAGGAGGGTGAATGAATCGGACGTTTG

ACCGGAAGGCATACAGGCAAGAACTGATCGACGCGGGGTTTTCCGCCGAGGATGCCGAAA

CCATCGCAAGCCGCACCGTCATGCGTGCGCCCCGCGAAACCTTCCAGTCCGTCGGCTCGA

TGGTCCAGCAAGCTACGGCCAAGATCGAGCGCGACAGCGTGCAACTGGCTCCCCCTGCCC

TGCCCGCGCCATCGGCCGCCGTGGAGCGTTCGCGTCGTCTCGAACAGGAGGCGGCAGGTT

TGGCGAAGTCGATGACCATCGACACGCGAGGAACTATGACGACCAAGAAGCGAAAAACCG



CCGGCGAGGACCTGGCAAAACAGGTCAGCGAGGCCAAGCAGGCCGCGTTGCTGAAACACA

CGAAGCAGCAGATCAAGGAAATGCAGCTTTCCTTGTTCGATATTGCGCCGTGGCCGGACA

CGATGCGAGCGATGCCAAACGACACGGCCCGCTCTGCCCTGTTCACCACGCGCAACAAGA

AAATCCCGCGCGAGGCGCTGCAAAACAAGGTCATTTTCCACGTCAACAAGGACGTGAAGA

TCACCTACACCGGCGTCGAGCTGCGGGCCGACGATGACGAACTGGTGTGGCAGCAGGTGT

TGGAGTACGCGAAGCGCACCCCTATCGGCGAGCCGATCACCTTCACGTTCTACGAGCTTT

GCCAGGACCTGGGCTGGTCGATCAATGGCCGGTATTACACGAAGGCCGAGGAATGCCTGT

CGCGCCTACAGGCGACGGCGATGGGCTTCACGTCCGACCGCGTTGGGCACCTGGAATCGG

TGTCGCTGCTGCACCGCTTCCGCGTCCTGGACCGTGGCAAGAAAACGTCCCGTTGCCAGG

TCCTGATCGACGAGGAAATCGTCGTGCTGTTTGCTGGCGACCACTACACGAAATTCATAT

GGGAGAAGTACCGCAAGCTGTCGCCGACGGCCCGACGGATGTTCGACTATTTCAGCTCGC

ACCGGGAGCCGTACCCGCTCAAGCTGGAAACCTTCCGCCTCATGTGCGGATCGGATTCCA

CCCGCGTGAAGAAGTGGCGCGAGCAGGTCGGCGAAGCCTGCGAAGAGTTGCGAGGCAGCG

GCCTGGTGGAACACGCCTGGGTCAATGATGACCTGGTGCATTGCAAACGCTAGGGCCTTG

TGGGGTCAGTTCCGGCTGGGGGTTCAGCAGCCAGCGCTTTACTGGCATTTCAGGAACAAG

CGGGCACTGCTCGACGCACTTGCTTCGCTCAGTATCGCTCGGGACGCACGGCGCGCTCTA

CGAACTGCCGATAAACAGAGGATTAAAATTGACAATTGTGATTAAGGCTCAGATTCGACG

GCTTGGAGCGGCCGACGTGCAGGATTTCCGCGAGATCCGATTGTCGGCCCTGAAGAAAGC

TCCAGAGATGTTCGGGTCCGTTTACGAGCACGAGGAGAAAAAGCCCATGGAGGCGTTCGC

TGAACGGTTGCGAGATGCCGTGGCATTCGGCGCCTACATCGACGGCGAGATCATTGGGCT

GTCGGTCTTCAAACAGGAGGACGGCCCCAAGGACGCTCACAAGGCGCATCTGTCCGGCGT

TTTCGTGGAGCCCGAACAGCGAGGCCGAGGGGTCGCCGGTATGCTGCTGCGGGCGTTGCC

GGCGGGTTTATTGCTCGTGATGATCGTCCGACAGATTCCAACGGGAATCTGGTGGATGCG

CATCTTCATCCTCGGCGCACTTAATATTTCGCTATTCTGGAGCTTGTTGTTTATTTCGGT

CTACCGCCTGCCGGGCGGGGTCGCGGCGACGGTAGGCGCTGTGCAGCCGCTGATGGTCGT

GTTCATCTCTGCCGCTCTGCTAGGTAGCCCGATACGATTGATGGCGGTCCTGGGGGCTAT

TTGCGGAACTGCGGGCGTGGCGCTGTTGGTGTTGACACCAAACGCAGCGCTAGATCCTGT

CGGCGTCGCAGCGGGCCTGGCGGGGGCGGTTTCCATGGCGTTCGGAACCGTGCTGACCCG

CAAGTGGCAACCTCCCGTGCCTCTGCTCACCTTTACCGCCTGGCAACTGGCGGCCGGAGG

ACTTCTGCTCGTTCCAGTAGCTTTAGTGTTTGATCCGCCAATCCCGATGCCTACAGGAAC



CAATGTTCTCGGCCTGGCGTGGCTCGGCCTGATCGGAGCGGGTTTAACCTACTTCCTTTG

GTTCCGGGGGATCTCGCGACTCGAACCTACAGTTGTTTCCTTACTGGGCTTTCTCAGCCC

CAGATCTGGGGTCGATCAGCCGGGGATGCATCAGGCCGACAGTCGGAACTTCGGGTCCCC

GACCTGTACCATTCGGTGAGCAATGGATAGGGGAGTTGATATCGTCAACGTTCACTTCTA

AAGAAATAGCGCCACTCAGCTTCCTCAGCGGCTTTATCCAGCGATTTCCTATTATGTCGG

CATAGTTCTCAAGATCGACAGCCTGTCACGGTTAAGCGAGAAATGAATAAGAAGGCTGAT

AATTCGGATCTCTGCGAGGGAGATGATATTTGATCACAGGCAGCAACGCTCTGTCATCGT

TACAATCAACATGCTACCCTCCGCGAGATCATCCGTGTTTCAAACCCGGCAGCTTAGTTG

CCGTTCTTCCGAATAGCATCGGTAACATGAGCAAAGTCTGCCGCCTTACAACGGCTCTCC

CGCTGACGCCGTCCCGGACTGATGGGCTGCCTGTATCGAGTGGTGATTTTGTGCCGAGCT

GCCGGTCGGGGAGCTGTTGGCTGGCTGGTGGCAGGATATATTGTGGTGTAAACAAATTGA

CGCTTAGACAACTTAATAACACATTGCGGACGTTTTTAATGTACTGGGGTGGTTTTTCTT

TTCACCAGTGAGACGGGCAACAGCTGATTGCCCTTCACCGCCTGGCCCTGAGAGAGTTGC

AGCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTCCG

AAATCGGCAAAATCCCTTATAAATCAAAAGAATAGCCCGAGATAGGGTTGAGTGTTGTTC

CAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAA

CCGTCTATCAGGGCGATGGCCCACAAACTGAAGGCGGGAAACGACAATCTGATCATGAGC

GGAGAATTAAGGGAGTCACGTTATGACCCCCGCCGATGACGCGGGACAAGCCGTTTTACG

TTTGGAACTGACAGAACCGCAACGTTGAAGGAGCCACTCAGCCGCGGGTTTCTGGAGTTT

AATGAGCTAAGCACATACGTCAGAAACCATTATTGCGCGTTCAAAAGTCGCCTAAGGTCA

CTATCAGCTAGCAAATATTTCTTGTCAAAAATGCTCCACTGACGTTCCATAAATTCCCCT

CGGTATCCAATTAGAGTCTCATATTCACTCTCAATCCAAATAATCTGCACCGGATCTGGA

TCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAG

AGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTC

CGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTG

AATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGC

GCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTG

CCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCT

GATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCG

AAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGAT



CTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGC

ATGCCCGACGGCGATGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATG

GTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGC

TATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCT

GACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTAT

CGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGA

CGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCT

TCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGG

AGTTCTTCGCCCACGGGATCTCTGCGGAACAGGCGGTCGAAGGTGCCGATATCATTACGA

CAGCAACGGCCGACAAGCACAACGCCACGATCCTGAGCGACAATATGATCGGGCCCGGCG

TCCACATCAACGGCGTCGGCGGCGACTGCCCAGGCAAGACCGAGATGCACCGCGATATCT

TGCTGCGTTCGGATATTTTCGTGGAGTTCCCGCCACAGACCCGGATGATCCCCGATCGTT

CAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTA

TCATATAATTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGT

TATTTATGAGATGGGTTTTTATGATTAGAGTCCCGCAATTATACATTTAATACGCGATAG

AAAACAAAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTAC

TAGATCGGGCCTCCTGTCAATGCTGGCGGCGGCTCTGGTGGTGGTTCTGGTGGCGGCTCT

GAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGCTCTGAGGGAGGCGGTTCC

GGTGGTGGCTCTGGTTCCGGTGATTTTGATTATGAAAAGATGGCAAACGCTAATAAGGGG

GCTATGACCGAAAATGCCGATGAAAACGCGCTACAGTCTGACGCTAAAGGCAAACTTGAT

TCTGTCGCTACTGATTACGGTGCTGCTATCGATGGTTTCATTGGTGACGTTTCCGGCCTT

GCTAATGGTAATGGTGCTACTGGTGATTTTGCTGGCTCTAATTCCCAAATGGCTCAAGTC

GGTGACGGTGATAATTCACCTTTAATGAATAATTTCCGTCAATATTTACCTTCCCTCCCT

CAATCGGTTGAATGTCGCCCTTTTGTCTTTGGCCCAATACGCAAACCGCCTCTCCCCGCG

CGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGT

GAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTT

ATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAAC

AGCTATGACCATGATTACGCCAAGCTGGCGCGCCATCGATACCGTCGACTCTAGCAAGTT

TGTACAAAAAAGCAGGCTTAGGCGCGCCAAGCTTGCATGCCTGCAGGTCAACATGGTGGA

GCACGACACTCTCGTCTACTCCAAGAATATCAAAGATACAGTCTCAGAAGACCAGAGGGC



TATTGAGACTTTTCAACAAAGGGTAATATCGGGAAACCTCCTCGGATTCCATTGCCCAGC

TATCTGTCACTTCATCGAAAGGACAGTAGAAAAGGAAGATGGCTTCTACAAATGCCATCA

TTGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTACCGACAGTGGTCCCAAAGATGG

ACCCCCACCCACGAGGAACATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCA

AGTGGATTGATGTGATAACATGGTGGAGCACGACACTCTCGTCTACTCCAAGAATATCAA

AGATACAGTCTCAGAAGACCAGAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGGG

AAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTCATCGAAAGGACAGTAGAAAA

GGAAGATGGCTTCTACAAATGCCATCATTGCGATAAAGGAAAGGCTATCGTTCAAGATGC

CTCTACCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAACATCGTGGAAAAAGA

AGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACTGACGTAAG

GGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGTTCATT

TCATTTGGAGAGGACCTCGAGTTTTTTTTTTTTTTTTTTTTGTCGAGTCTAGAAACCATG

GATGGGGAGTGAAGTCAACCGTCCACTAGCTGATTTTCCAGCAAATATCTGGGAAGATCC

ATTAACTTCTTTCTCAAAGTCTGACCTCGGAACTGAGACGTTCAAAGAGAAGCATAGTAC

GCTAAAGGAGGCGGTGAAGGAAGCTTTTATGTCTTCCAAAGCGAATCCGATAGAGAACAT

CAAATTCATCGATGCTCTATGTCGCCTTGGTGTCTCCTATCACTTTGAGAAAGATATCGT

AGAACAATTGGATAAGTCATTTGATTGTCTTGATTTTCCTCAGATGGTAAGACAAGAGGG

ATGCGATTTGTACACGGTTGGAATAATTTTCCAAGTTTTCAGGCAATTCGGCTTTAAACT

TTCTGCCGATGTGTTTGAGAAGTTCAAGGACGAAAATGGGAAGTTCAAAGGACACTTGGT

GACAGATGCATACGGGATGTTAAGTTTGTACGAAGCTGCACAATGGGGCACTCACGGAGA

AGACATTATTGACGAAGCTCTCGCTTTCTCACGTTCTCATTTAGAAGAAATTTCGTCTCG

GTCTAGCCCTCATCTCGCAATTCGCATCAAGAATGCTCTAAAACATCCATACCATAAAGG

CATCTCTAGGATAGAAACAAGACAATATATCTCATACTACGAGGAGGAAGAGTCGTGCGA

CCCAACATTACTTGAGTTCGCAAAGATAGATTTTAATTTGCTGCAAATATTACACCGCGA

AGAGCTTGCTTGCGTCACAAGGTGGCACCATGAAATGGAGTTTAAATCTAAAGTAACATA

CACAAGGCATAGGATAACAGAGGCATACTTGTGGTCACTTGGAACATATTTCGAGCCTCA

ATATTCTCAAGCACGAGTTATAACCACTATGGCACTAATCTTATTCACAGCGCTTGATGA

TATGTATGATGCATATGGCACAATGGAGGAACTTGAGCTTTTCACTGATGCAATGGATGA

GTGGCTTCCCGTTGTTCCTGATGAGATACCGATACCCGATAGCATGAAGTTCATTTACAA

TGTGACGGTAGAATTCTATGATAAACTCGACGAGGAACTTGAGAAAGAAGGAAGGTCAGG



GTGCGGTTTCCATCTTAAGAAATCATTGCAAAAAACAGCAAATGGATATATGCAAGAAGC

AAAATGGTTGAAAAAGGATTACATTGCTACATTTGATGAGTATAAAGAGAATGCAATCTT

GTCTTCAGGTTATTATGCCTTGATAGCGATGACATTCGTGAGAATGACAGATGTCGCAAA

ACTTGATGCTTTTGAATGGTTAAGCTCACATCCTAAAATTAGGGTAGCTTCTGAGATAAT

AAGTCGATTCACAGATGACATTTCAAGCTACGAATTTGAACACAAACGGGAGCATGTAGC

GACTGGCATTGATTGTTATATGCAGCAATTTGGTGTTTCCAAGGAAAGAGCTGTGGAAGT

GATGGGAAACATTGTTTCAGATGCATGGAAGGACTTGAACCAAGAGCTAATGAGGCCTCA

CGTGTTTCCTTTCCCTCTTTTGATGCGAGTTCTTAACCTTTCGCGAGTCATCGATGTATT

CTATAGGTACCAAGATGCTTACACCAACCCCAAGCTCTTGAAGGAGCACATTGTTTCTTT

GCTCATTGAAACTATACCCATTTGAGAATGACTATCCCAATCCATGGAATTGATTCACTT

CAATGATGGTTGGATAGTTATTTTATTTATGTTGTATGTTTATTTGTATTCTGGTAGTTA

CTTTTTTTTTTTTGTATCATTGTTTGTGTACTTTTGTTGGTGAATCCATTTGAATTTGAA

TTGCGGCCGCAGATCTCCAATAAGAGCTCTGATCTCATAAGCCCGATGGCTACTAAGTTT

TACTATTTACCAAGACTTTTGAATATTAACCTTCTTGTAACGAGTCGGTTAAATTTGATT

GTTTAGGGTTTTGTATTATTTTTTTTTGGTCTTTTAATTCATCACTTTAATTCCCTAATT

GTCTGTTCATTTCGTTGTTTGTTTCCGGATCGATAATGAAATGTAAGAGATATCATATAT

AAATAATAAATTGTCGTTTCATATTTGCAATCTTTTTTTTACAAACCTTTAATCGTTGTA

TGTATGACATTTTCTTCTTGTTATATTAGGGGGAAATAATGTTAAATAAAAGTACAAAAT

AAACTACAGTACATCGTACTGAATAAATTACCTAGCCAAAAAGTACACCTTTCCATATAC

TTCCTACATGAAGGCATTTTCAACATTTTCAAATAAGGAATGCTACAACCGCATAATAAC

ATCCACAAATTTTTTTATAAAATAACATGTCAGACAGTGATTGAAAGATTTTATTATAGT

TTCGTTATCTTCTTTTCTCATTAAGCGAATCACTACCTAACACGTCATTTTGTGAAATAT

TTTTTGAATGTTTTTATATAGTTGTAGCATTCCTCTTTTCAAATTAGGGTTTGTTTGAGA

TAGCATTTCAGCCGGTTCATACAACTTAAAAGCATACTCTAATGCTGGAAAAAAGACTAA

AAAATCTTGTAAGTTAGCGCAGAATATTGACCCAAATTATATACACACATGACCCCATAT

AGAGACTAATTACACTTTTAACCACTAATAATTATTACTGTATTATAACATCTACTAATT

AAACTTGTGAGTTTTTGCTAGAATTATTATCATATATACTAAAAGGCAGGAACGCAAACA

TTGCCCCGGTACTGTAGCAACTACGGTAGACGCATTAATTGTCTATAGTGGACGCATTAA

TTAATACCCAGCTTTCTTGTACAAAGTGGTGATCTAGAGGATCCCCGGGTACCTTAAT



gADS pBINPIus vector sequence
>gADS6_pBIN+

GTACAAAAAAGCAGGCTTAGGCGCGCCAAGCTTGCATGCCTGCAGGTCAACATGGTGGAG
CACGACACTCTCGTCTACTCCAAGAATATCAAAGATACAGTCTCAGAAGACCAGAGGGCT
ATTGAGACTTTTCAACAAAGGGTAATATCGGGAAACCTCCTCGGATTCCATTGCCCAGCT
ATCTGTCACTTCATCGAAAGGACAGTAGAAAAGGAAGATGGCTTCTACAAATGCCATCAT
TGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTACCGACAGTGGTCCCAAAGATGGA
CCCCCACCCACGAGGAACATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAA
GTGGATTGATGTGATAACATGGTGGAGCACGACACTCTCGTCTACTCCAAGAATATCAAA
GATACAGTCTCAGAAGACCAGAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGGGA
AACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTCATCGAAAGGACAGTAGAAAAG
GAAGATGGCTTCTACAAATGCCATCATTGCGATAAAGGAAAGGCTATCGTTCAAGATGCC
TCTACCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAACATCGTGGAAAAAGAA
GACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACTGACGTAAGG

GATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGTTCATTT

CATTTGGAGAGGACCTCGAGTTTTTTTTTTTTITTTTTTTTGTCGAGTctagaATGTCACT
TACAGAAGAAAAACCTATTCGCCCCATTGCCAACTTTCCTCCAAGCATTTGGGGAGATCA
GTTTCTCATCTATCAAAAGGTATTGTTAATTTTAGCAATTTAGATATCATAAGAAATGAT
TAACATATATTTTGTTTGAATGTTACTTAAACCTTTTTTTTAATTATTATTATTTTCTAT
GAGTGAATGTAGCAAGTAGAGCAAGGGGTGGAACAGATAGTGAATGATTTAAAAAAAGAA
GTGCGGCAACTACTAAAAGAAGCTTTGGATATTCCTATGAAACATGCCAATTTGTTGAAG
CTGATTGATGAAATTCAACGCCTTGGAATACCGTATCACTTTGAACGGGAGATTGATCAT
GCATTGCAATGTATTTATGAAACATATGGTGATAACTGGAATGGTGACCGCTCTTCCTTA

TGGTTCCGTCTTATGCGAAAGCAAGGATATTATGTTACATGTGGTTAGTGCACGCACACT

ATATACAATTAAGGATTTTAATTATTTTCTTAAAAAGTCATATTTATACAATAATGTGAA

AAAACGATATTACGTTGCATGTGGTTACTACAAGCACACACTCAGGGCTGGTCCGGAGGT

TTTTGATGCCCAGGGCGAGCAGACTAAAATATGCCCCTTTTAAACAAAAAACACACGATC

TTTTAGGGGTTCGGAACCTAGTCAATTAAGCTAGGCGGCTCATCCCCACGCTGAATTTTA

TTTATTTATAACTTCCAAAAGATGTACGAATTTTATTTATTAGGATACAAGGAAATAAAT

TTTGAGTTACAACCTCCACCTATATCACCTAAAACAATGTCTTTGTGCGTTTCTTGAAAC

10



AAATTCATCAATTATTTTGTCGTAGTCGACATTAACATCAAAATTGTCAATTTCATTAGC

ATCAACATTGCCAAATTCATTAACATTCACTTTTTGAATTTTCATTGTTTATAGGATTTT

TATTATTTTCAATATTTTCTTCATGTTGTATTATTCTTTTTTTATCTAACAAAAAATGGT

TCCAAAGGTCCAAATCGAGATTTATTAGATTCTTATTCTATTTGCTTTCTTTTCCTATTT

TGGTCACCTGACGTTTGTGAACAACGCAACATGATAGTTTCTAGCGTAACCGCAAGATAG

AAAAAAAATATTTGTATATAAGGATGAATTGAACTATGAAATAATATGACCTGATTAGTT

CATATATAGATGAAGAGATTCAAGAGAACAATTTATAATTGATTGCCTTGATTGCAAACA

ATGCCAAAACTCTATGTATGTTGCTTTTTTTCTTTATCTTTTTTATCTGAGCGTGAGTTT

GTGACTTAGTTACTTGACTTTGTCAAATTGTGAGATAACTAATATTCCCACAATCCCACG

TCCCATAATTATTTGTTTACAGTTGATATAACTTACAGTGTTTTGGGCTTGAAAGTATAC

AAACATACATGGGTTTGTAAGATGAACCAAGTCTAGTGTAACATGGGCTTACAAAATGAT

TCCCCCTCCCTTTATGCTGCCTTGAGCCGCCGCCCACCTGGCCCAACACTTAGGCCAGGT

CTGCACACACTATATAACTAAGCATTTTAATTATCTTCCTAAAAACTCAAATTAGAGTAA

TGTGAAACAAAGGATACCGCGTTGCATGTGGTTAGTACATGTGCATGCACACAATCAAGG

ATTTTTGTTAAAGACCTTTGATTTTTTTAAATTCATCCAGTCTTTAAAAATTACTGTATG

TTTGTAGTATTGGTTAGTTTTAAATACATCTTATCACTTTGTGTTTTGTTTGCGTTCCTA

TACGCACAGACTATGCAATATAACATTTTGATTATATTCTTAAGAACTCAAATTACAGTA

TCATATGAGACTACGAAATTGAAATAAAATTGGAAATTTATGAAAAGTGTAGTAAACATT

AAAGACATTATGACTATGGTTTTGTGAAATTAAACATGGTCGTTCAAATGAAAATATTTA

CTATATGTGCATTTGCTATTTTGGTTATCTCAAGGAGTTGCACCACCAAATTAATTTGTG

TATTATTATCGGGTGTATTATACAAAAATGAAACAAACACGTGTCTAATATATAATATAT

ATTACAACTTTAATCATGAAAAAGAATCTAATCATTTTTCTATATGAATTGACGCAGATG

TTTTCAATAACTATAAAGACAAAAATGGAGCGTTCAAGCAATCGTTAGCTAATGATGTTG

AAGGTTTGCTTGAGTTGTACGAAGCAACTTCTATGAGGGTACCTGGGGAGATTATATTAG

AAGATGCTCTTGGTTTTACACGATCTCGTCTTAGCATTATGACAAAAGATGCTTTTTCTA

CAAACCCCGCTCTTTTTACCGAAATACAACGGGCACTAAAGCAACCCCTTTGGAAAAGGT

TGCCAAGAATAGAGGCGGCGCAGTACATTCCTTTCTATCAACAACAAGATTCTCATAACA

AGACTTTACTTAAACTTGCTAAGTTAGAGTTCAATTTGCTTCAGTCATTGCACAAGGAAG

AGCTCAGCCATGTGTGCAAGTATATACATATAGCCTCAACCATTACTCTTAATTAAGTTT

TATTCTTTCAAATTTTTTATATTTATTTTCTATGCTCTTTTGGTTTTTCTTATTCTCATT
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ACTTCATCAGTATCTACAATTAAGGAAAGAAATAAAGCTAACAAAAAAACATAATTTATG

ATGTTACAATAGATGGTGGAAAGCTTTCGATATCAAGAAGAACGCACCTTGTTTAAGAGA

TAGAATTGTTGAATGCTACTTTTGGGGACTAGGTTCAGGCTATGAGCCACAGTATTCCCG

GGCTAGAGTTTTCTTCACAAAAGCTGTTGCTGTTATAACTCTTATAGATGACACTTATGA

TGCGTATGGTACTTATGAAGAACTTAAGATCTTTACTGAAGCTGTTGAAAGGTATTTGTT

AACACATGCTACATGTGCACACCTACACACACATACAATACATATTAAACATAGAACTTC

ATTCTATTAAAACCCATGTATAAATCAAACTAAATACGCAAGTCATCAATTATCAACAGG

TGGTCAATTACATGCTTAGACACACTTCCAGAATACATGAAACCGATATACAAATTATTC

ATGGATACATACACAGAAATGGAAGAATTTCTTGCAAAGGAGGGAAGAACAGATCTATTT

AACTGCGGCAAAGAATTTGTAAGTATCAACACCATTCTTTGATAATTTAAAAAAAAATCC

TGATGAAGATAATATATGTAGAAGCACGTGACTGTATGCATTGTCATGCACAGGTGAAAG

AGTTTGTTAGAAACCTGATGGTTGAAGCAAAATGGGCAAATGAGGGACACATACCAACCA

CTGAAGAGCATGATCCAGTTGTAATCATTACTGGCGGTGCTAACCTGCTTACAACAACTT

GTTATCTTGGCATGAGTGATATATTCACAAAAGAGTCTGTCGAATGGGCTGTCTCTGCAC

CTCCTCTTTTTAGATACTCAGGTATACTTGGTCGACGCCTAAATGATCTCATGACCCACA

AGGTACACCCTTTTCTAGTAGCATATACTATACTTTAACTATTCTGGATTCTAAACTCCT

AGTTTATGCCCGAGCCTAAATAACCAATTTATTTTGTTAATATAAATTATTCAGGCCGAG

CAAGAAAGAAAACATAGTTCATCGAGCCTTGAAAGTTATATGAAGGAATATAATGTCAAT

GAGGAGTATGCCCAAACCTTGATTTACAAGGAAGTAGAAGATGTGTGGAAAGATATAAAC

CGAGAGTACCTCACAACTAAAAACATTCCAAGGCCGTTATTGATGGCTGTGATCTATTTG

TGCCAGTTTCTTGAAGTTCAATATGCAGGAAAGGATAACTTCACACGTATGGGAGACGAA

TACAAACATCTCATAAAGTCTCTACTCGTTTATCCTATGAGTATATGACCATGGATCCAG

GAGCGGCCGCAGATCTCCAATAAGAGCTCTGATCTCATAAGCCCGATGGCTACTAAGTTT

TACTATTTACCAAGACTTTTGAATATTAACCTTCTTGTAACGAGTCGGTTAAATTTGATT

GTTTAGGGTTTTGTATTATTTTTTTTTGGTCTTTTAATTCATCACTTTAATTCCCTAATT

GTCTGTTCATTTCGTTGTTTGTTTCCGGATCGATAATGAAATGTAAGAGATATCATATAT

AAATAATAAATTGTCGTTTCATATTTGCAATCTTTTTTTTACAAACCTTTAATCGTTGTA

TGTATGACATTTTCTTCTTGTTATATTAGGGGGAAATAATGTTAAATAAAAGTACAAAAT

AAACTACAGTACATCGTACTGAATAAATTACCTAGCCAAAAAGTACACCTTTCCATATAC

TTCCTACATGAAGGCATTTTCAACATTTTCAAATAAGGAATGCTACAACCGCATAATAAC
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ATCCACAAATTTTTTTATAAAATAACATGTCAGACAGTGATTGAAAGATTTTATTATAGT

TTCGTTATCTTCTTTTCTCATTAAGCGAATCACTACCTAACACGTCATTTTGTGAAATAT

TTTTTGAATGTTTTTATATAGTTGTAGCATTCCTCTTTTCAAATTAGGGTTTGTTTGAGA

TAGCATTTCAGCCGGTTCATACAACTTAAAAGCATACTCTAATGCTGGAAAAAAGACTAA

AAAATCTTGTAAGTTAGCGCAGAATATTGACCCAAATTATATACACACATGACCCCATAT

AGAGACTAATTACACTTTTAACCACTAATAATTATTACTGTATTATAACATCTACTAATT

AAACTTGTGAGTTTTTGCTAGAATTATTATCATATATACTAAAAGGCAGGAACGCAAACA

TTGCCCCGGTACTGTAGCAACTACGGTAGACGCATTAATTGTCTATAGTGGACGCATTAA

TTAATACCCAGCTTTCTTGTACAAAGTGGTGATCTAGAGGATCCCCGGGTACCTTAATTA

ACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC

TTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCA

CCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGCCCGCTCCTTTCGCTTTCTTC

CCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCT

TTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTGAT

GGTTCACAAACTATCAGTGTTTGACAGGATATATTGGCGGGTAAACCTAAGAGAAAAGAG

CGTTTATTAGAATAATCGGATATTTAAAAGGGCGTGAAAAGGTTTATCCGTTCGTCCATT

TGTATGTGCATGCCAACCACAGGGTTCCCCAGATCTGGCGCCGGCCAGCGAGACGAGCAA

GATTGGCCGCCGCCCGAAACGATCCGACAGCGCGCCCAGCACAGGTGCGCAGGCAAATTG

CACCAACGCATACAGCGCCAGCAGAATGCCATAGTGGGCGGTGACGTCGTTCGAGTGAAC

CAGATCGCGCAGGAGGCCCGGCAGCACCGGCATAATCAGGCCGATGCCGACAGCGTCGAG

CGCGACAGTGCTCAGAATTACGATCAGGGGTATGTTGGGTTTCACGTCTGGCCTCCGGAC

CAGCCTCCGCTGGTCCGATTGAACGCGCGGATTCTTTATCACTGATAAGTTGGTGGACAT

ATTATGTTTATCAGTGATAAAGTGTCAAGCATGACAAAGTTGCAGCCGAATACAGTGATC

CGTGCCGCCCTGGACCTGTTGAACGAGGTCGGCGTAGACGGTCTGACGACACGCAAACTG

GCGGAACGGTTGGGGGTTCAGCAGCCGGCGCTTTACTGGCACTTCAGGAACAAGCGGGCG

CTGCTCGACGCACTGGCCGAAGCCATGCTGGCGGAGAATCATACGCATTCGGTGCCGAGA

GCCGACGACGACTGGCGCTCATTTCTGATCGGGAATGCCCGCAGCTTCAGGCAGGCGCTG

CTCGCCTACCGCGATGGCGCGCGCATCCATGCCGGCACGCGACCGGGCGCACCGCAGATG

GAAACGGCCGACGCGCAGCTTCGCTTCCTCTGCGAGGCGGGTTTTTCGGCCGGGGACGCC

GTCAATGCGCTGATGACAATCAGCTACTTCACTGTTGGGGCCGTGCTTGAGGAGCAGGCC
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GGCGACAGCGATGCCGGCGAGCGCGGCGGCACCGTTGAACAGGCTCCGCTCTCGCCGCTG

TTGCGGGCCGCGATAGACGCCTTCGACGAAGCCGGTCCGGACGCAGCGTTCGAGCAGGGA

CTCGCGGTGATTGTCGATGGATTGGCGAAAAGGAGGCTCGTTGTCAGGAACGTTGAAGGA

CCGAGAAAGGGTGACGATTGATCAGGACCGCTGCCGGAGCGCAACCCACTCACTACAGCA

GAGCCATGTAGACAACATCCCCTCCCCCTTTCCACCGCGTCAGACGCCCGTAGCAGCCCG

CTACGGGCTTTTTCATGCCCTGCCCTAGCGTCCAAGCCTCACGGCCGCGCTCGGCCTCTC

TGGCGGCCTTCTGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTC

GGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAG

GGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAA

AGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATC

GACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCC

CTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCG

CCTTTCTCCCTTCGGGAAGCGTGGCGCTTTTCCGCTGCATAACCCTGCTTCGGGGTCATT

ATAGCGATTTTTTCGGTATATCCATCCTTTTTCGCACGATATACAGGATTTTGCCAAAGG

GTTCGTGTAGACTTTCCTTGGTGTATCCAACGGCGTCAGCCGGGCAGGATAGGTGAAGTA

GGCCCACCCGCGAGCGGGTGTTCCTTCTTCACTGTCCCTTATTCGCACCTGGCGGTGCTC

AACGGGAATCCTGCTCTGCGAGGCTGGCCGGCTACCGCCGGCGTAACAGATGAGGGCAAG

CGGATGGCTGATGAAACCAAGCCAACCAGGAAGGGCAGCCCACCTATCAAGGTGTACTGC

CTTCCAGACGAACGAAGAGCGATTGAGGAAAAGGCGGCGGCGGCCGGCATGAGCCTGTCG

GCCTACCTGCTGGCCGTCGGCCAGGGCTACAAAATCACGGGCGTCGTGGACTATGAGCAC

GTCCGCGAGCTGGCCCGCATCAATGGCGACCTGGGCCGCCTGGGCGGCCTGCTGAAACTC

TGGCTCACCGACGACCCGCGCACGGCGCGGTTCGGTGATGCCACGATCCTCGCCCTGCTG

GCGAAGATCGAAGAGAAGCAGGACGAGCTTGGCAAGGTCATGATGGGCGTGGTCCGCCCG

AGGGCAGAGCCATGACTTTTTTAGCCGCTAAAACGGCCGGGGGGTGCGCGTGATTGCCAA

GCACGTCCCCATGCGCTCCATCAAGAAGAGCGACTTCGCGGAGCTGGTGAAGTACATCAC

CGACGAGCAAGGCAAGACCGAGCGCCTTTGCGACGCTCACCGGGCTGGTTGCCCTCGCCG

CTGGGCTGGCGGCCGTCTATGGCCCTGCAAACGCGCCAGAAACGCCGTCGAAGCCGTGTG

CGAGACACCGCGGCCGCCGGCGTTGTGGATACCTCGCGGAAAACTTGGCCCTCACTGACA

GATGAGGGGCGGACGTTGACACTTGAGGGGCCGACTCACCCGGCGCGGCGTTGACAGATG

AGGGGCAGGCTCGATTTCGGCCGGCGACGTGGAGCTGGCCAGCCTCGCAAATCGGCGAAA
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ACGCCTGATTTTACGCGAGTTTCCCACAGATGATGTGGACAAGCCTGGGGATAAGTGCCC

TGCGGTATTGACACTTGAGGGGCGCGACTACTGACAGATGAGGGGCGCGATCCTTGACAC

TTGAGGGGCAGAGTGCTGACAGATGAGGGGCGCACCTATTGACATTTGAGGGGCTGTCCA

CAGGCAGAAAATCCAGCATTTGCAAGGGTTTCCGCCCGTTTTTCGGCCACCGCTAACCTG

TCTTTTAACCTGCTTTTAAACCAATATTTATAAACCTTGTTTTTAACCAGGGCTGCGCCC

TGTGCGCGTGACCGCGCACGCCGAAGGGGGGTGCCCCCCCTTCTCGAACCCTCCCGGLCC

GCTAACGCGGGCCTCCCATCCCCCCAGGGGCTGCGCCCCTCGGCCGCGAACGGCCTCACC

CCAAAAATGGCAGCGCTGGCAGTCCTTGCCATTGCCGGGATCGGGGCAGTAACGGGATGG

GCGATCAGCCCGAGCGCGACGCCCGGAAGCATTGACGTGCCGCAGGTGCTGGCATCGACA

TTCAGCGACCAGGTGCCGGGCAGTGAGGGCGGCGGCCTGGGTGGCGGCCTGCCCTTCACT

TCGGCCGTCGGGGCATTCACGGACTTCATGGCGGGGCCGGCAATTTTTACCTTGGGCATT

CTTGGCATAGTGGTCGCGGGTGCCGTGCTCGTGTTCGGGGGTGCGATAAACCCAGCGAAC

CATTTGAGGTGATAGGTAAGATTATACCGAGGTATGAAAACGAGAATTGGACCTTTACAG

AATTACTCTATGAAGCGCCATATTTAAAAAGCTACCAAGACGAAGAGGATGAAGAGGATG

AGGAGGCAGATTGCCTTGAATATATTGACAATACTGATAAGATAATATATCTTTTATATA

GAAGATATCGCCGTATGTAAGGATTTCAGGGGGCAAGGCATAGGCAGCGCGCTTATCAAT

ATATCTATAGAATGGGCAAAGCATAAAAACTTGCATGGACTAATGCTTGAAACCCAGGAC

AATAACCTTATAGCTTGTAAATTCTATCATAATTGGGTAATGACTCCAACTTATTGATAG

TGTTTTATGTTCAGATAATGCCCGATGACTTTGTCATGCAGCTCCACCGATTTTGAGAAC

GACAGCGACTTCCGTCCCAGCCGTGCCAGGTGCTGCCTCAGATTCAGGTTATGCCGCTCA

ATTCGCTGCGTATATCGCTTGCTGATTACGTGCAGCTTTCCCTTCAGGCGGGATTCATAC

AGCGGCCAGCCATCCGTCATCCATATCACCACGTCAAAGGGTGACAGCAGGCTCATAAGA

CGCCCCAGCGTCGCCATAGTGCGTTCACCGAATACGTGCGCAACAACCGTCTTCCGGAGA

CTGTCATACGCGTAAAACAGCCAGCGCTGGCGCGATTTAGCCCCGACATAGCCCCACTGT

TCGTCCATTTCCGCGCAGACGATGACGTCACTGCCCGGCTGTATGCGCGAGGTTACTATG

CGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCTCTTCCGCT

TCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCAC

TCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGA

GCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCAT

AGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAAC
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CCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCT

GTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCG

CTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTG

GGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGT

CTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGGTTACCGACTGCGG

CCTGAGTTTTTTAAGTGACGTAAAATCGTGTTGAGGCCAACGCCCATAATGCGGGCTGTT

GCCCGGCATCCAACGCCATTCATGGCCATATCAATGATTTTCTGGTGCGTACCGGGTTGA

GAAGCGGTGTAAGTGAACTGCAGTTGCCATGTTTTACGGCAGTGAGAGCAGAGATAGCGC

TGATGTCCGGCGGTGCTTTTGCCGTTACGCACCACCCCGTCAGTAGCTGAACAGGAGGGA

CAGCTGATAGACACAGAAGCCACTGGAGCACCTCAAAAACACCATCATACACTAAATCAG

TAAGTTGGCAGCATCACCCATAATTGTGGTTTCAAAATCGGCTCCGTCGATACTATGTTA

TACGCCAACTTTGAAAACAACTTTGAAAAAGCTGTTTTCTGGTATTTAAGGTTTTAGAAT

GCAAGGAACAGTGAATTGGAGTTCGTCTTGTTATAATTAGCTTCTTGGGGTATCTTTAAA

TACTGTAGAAAAGAGGAAGGAAATAATAAATGGCTAAAATGAGAATATCACCGGAATTGA

AAAAACTGATCGAAAAATACCGCTGCGTAAAAGATACGGAAGGAATGTCTCCTGCTAAGG

TATATAAGCTGGTGGGAGAAAATGAAAACCTATATTTAAAAATGACGGACAGCCGGTATA

AAGGGACCACCTATGATGTGGAACGGGAAAAGGACATGATGCTATGGCTGGAAGGAAAGC

TGCCTGTTCCAAAGGTCCTGCACTTTGAACGGCATGATGGCTGGAGCAATCTGCTCATGA

GTGAGGCCGATGGCGTCCTTTGCTCGGAAGAGTATGAAGATGAACAAAGCCCTGAAAAGA

TTATCGAGCTGTATGCGGAGTGCATCAGGCTCTTTCACTCCATCGACATATCGGATTGTC

CCTATACGAATAGCTTAGACAGCCGCTTAGCCGAATTGGATTACTTACTGAATAACGATC

TGGCCGATGTGGATTGCGAAAACTGGGAAGAAGACACTCCATTTAAAGATCCGCGCGAGC

TGTATGATTTTTTAAAGACGGAAAAGCCCGAAGAGGAACTTGTCTTTTCCCACGGCGACC

TGGGAGACAGCAACATCTTTGTGAAAGATGGCAAAGTAAGTGGCTTTATTGATCTTGGGA

GAAGCGGCAGGGCGGACAAGTGGTATGACATTGCCTTCTGCGTCCGGTCGATCAGGGAGG

ATATCGGGGAAGAACAGTATGTCGAGCTATTTTTTGACTTACTGGGGATCAAGCCTGATT

GGGAGAAAATAAAATATTATATTTTACTGGATGAATTGTTTTAGTACCTAGATGTGGCGC

AACGATGCCGGCGACAAGCAGGAGCGCACCGACTTCTTCCGCATCAAGTGTTTTGGCTCT

CAGGCCGAGGCCCACGGCAAGTATTTGGGCAAGGGGTCGCTGGTATTCGTGCAGGGCAAG

ATTCGGAATACCAAGTACGAGAAGGACGGCCAGACGGTCTACGGGACCGACTTCATTGCC



GATAAGGTGGATTATCTGGACACCAAGGCACCAGGCGGGTCAAATCAGGAATAAGGGCAC

ATTGCCCCGGCGTGAGTCGGGGCAATCCCGCAAGGAGGGTGAATGAATCGGACGTTTGAC

CGGAAGGCATACAGGCAAGAACTGATCGACGCGGGGTTTTCCGCCGAGGATGCCGAAACC

ATCGCAAGCCGCACCGTCATGCGTGCGCCCCGCGAAACCTTCCAGTCCGTCGGCTCGATG

GTCCAGCAAGCTACGGCCAAGATCGAGCGCGACAGCGTGCAACTGGCTCCCCCTGCCCTG

CCCGCGCCATCGGCCGCCGTGGAGCGTTCGCGTCGTCTCGAACAGGAGGCGGCAGGTTTG

GCGAAGTCGATGACCATCGACACGCGAGGAACTATGACGACCAAGAAGCGAAAAACCGCC

GGCGAGGACCTGGCAAAACAGGTCAGCGAGGCCAAGCAGGCCGCGTTGCTGAAACACACG

AAGCAGCAGATCAAGGAAATGCAGCTTTCCTTGTTCGATATTGCGCCGTGGCCGGACACG

ATGCGAGCGATGCCAAACGACACGGCCCGCTCTGCCCTGTTCACCACGCGCAACAAGAAA

ATCCCGCGCGAGGCGCTGCAAAACAAGGTCATTTTCCACGTCAACAAGGACGTGAAGATC

ACCTACACCGGCGTCGAGCTGCGGGCCGACGATGACGAACTGGTGTGGCAGCAGGTGTTG

GAGTACGCGAAGCGCACCCCTATCGGCGAGCCGATCACCTTCACGTTCTACGAGCTTTGC

CAGGACCTGGGCTGGTCGATCAATGGCCGGTATTACACGAAGGCCGAGGAATGCCTGTCG

CGCCTACAGGCGACGGCGATGGGCTTCACGTCCGACCGCGTTGGGCACCTGGAATCGGTG

TCGCTGCTGCACCGCTTCCGCGTCCTGGACCGTGGCAAGAAAACGTCCCGTTGCCAGGTC

CTGATCGACGAGGAAATCGTCGTGCTGTTTGCTGGCGACCACTACACGAAATTCATATGG

GAGAAGTACCGCAAGCTGTCGCCGACGGCCCGACGGATGTTCGACTATTTCAGCTCGCAC

CGGGAGCCGTACCCGCTCAAGCTGGAAACCTTCCGCCTCATGTGCGGATCGGATTCCACC

CGCGTGAAGAAGTGGCGCGAGCAGGTCGGCGAAGCCTGCGAAGAGTTGCGAGGCAGCGGC

CTGGTGGAACACGCCTGGGTCAATGATGACCTGGTGCATTGCAAACGCTAGGGCCTTGTG

GGGTCAGTTCCGGCTGGGGGTTCAGCAGCCAGCGCTTTACTGGCATTTCAGGAACAAGCG

GGCACTGCTCGACGCACTTGCTTCGCTCAGTATCGCTCGGGACGCACGGCGCGCTCTACG

AACTGCCGATAAACAGAGGATTAAAATTGACAATTGTGATTAAGGCTCAGATTCGACGGC

TTGGAGCGGCCGACGTGCAGGATTTCCGCGAGATCCGATTGTCGGCCCTGAAGAAAGCTC

CAGAGATGTTCGGGTCCGTTTACGAGCACGAGGAGAAAAAGCCCATGGAGGCGTTCGCTG

AACGGTTGCGAGATGCCGTGGCATTCGGCGCCTACATCGACGGCGAGATCATTGGGCTGT

CGGTCTTCAAACAGGAGGACGGCCCCAAGGACGCTCACAAGGCGCATCTGTCCGGCGTTT

TCGTGGAGCCCGAACAGCGAGGCCGAGGGGTCGCCGGTATGCTGCTGCGGGCGTTGCCGG

CGGGTTTATTGCTCGTGATGATCGTCCGACAGATTCCAACGGGAATCTGGTGGATGCGCA
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TCTTCATCCTCGGCGCACTTAATATTTCGCTATTCTGGAGCTTGTTGTTTATTTCGGTCT

ACCGCCTGCCGGGCGGGGTCGCGGCGACGGTAGGCGCTGTGCAGCCGCTGATGGTCGTGT

TCATCTCTGCCGCTCTGCTAGGTAGCCCGATACGATTGATGGCGGTCCTGGGGGCTATTT

GCGGAACTGCGGGCGTGGCGCTGTTGGTGTTGACACCAAACGCAGCGCTAGATCCTGTCG

GCGTCGCAGCGGGCCTGGCGGGGGCGGTTTCCATGGCGTTCGGAACCGTGCTGACCCGCA

AGTGGCAACCTCCCGTGCCTCTGCTCACCTTTACCGCCTGGCAACTGGCGGCCGGAGGAC

TTCTGCTCGTTCCAGTAGCTTTAGTGTTTGATCCGCCAATCCCGATGCCTACAGGAACCA

ATGTTCTCGGCCTGGCGTGGCTCGGCCTGATCGGAGCGGGTTTAACCTACTTCCTTTGGT

TCCGGGGGATCTCGCGACTCGAACCTACAGTTGTTTCCTTACTGGGCTTTCTCAGCCCCA

GATCTGGGGTCGATCAGCCGGGGATGCATCAGGCCGACAGTCGGAACTTCGGGTCCCCGA

CCTGTACCATTCGGTGAGCAATGGATAGGGGAGTTGATATCGTCAACGTTCACTTCTAAA

GAAATAGCGCCACTCAGCTTCCTCAGCGGCTTTATCCAGCGATTTCCTATTATGTCGGCA

TAGTTCTCAAGATCGACAGCCTGTCACGGTTAAGCGAGAAATGAATAAGAAGGCTGATAA

TTCGGATCTCTGCGAGGGAGATGATATTTGATCACAGGCAGCAACGCTCTGTCATCGTTA

CAATCAACATGCTACCCTCCGCGAGATCATCCGTGTTTCAAACCCGGCAGCTTAGTTGCC

GTTCTTCCGAATAGCATCGGTAACATGAGCAAAGTCTGCCGCCTTACAACGGCTCTCCCG

CTGACGCCGTCCCGGACTGATGGGCTGCCTGTATCGAGTGGTGATTTTGTGCCGAGCTGC

CGGTCGGGGAGCTGTTGGCTGGCTGGTGGCAGGATATATTGTGGTGTAAACAAATTGACG

CTTAGACAACTTAATAACACATTGCGGACGTTTTTAATGTACTGGGGTGGTTTTTCTTTT

CACCAGTGAGACGGGCAACAGCTGATTGCCCTTCACCGCCTGGCCCTGAGAGAGTTGCAG

CAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTCCGAA

ATCGGCAAAATCCCTTATAAATCAAAAGAATAGCCCGAGATAGGGTTGAGTGTTGTTCCA

GTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACC

GTCTATCAGGGCGATGGCCCACAAACTGAAGGCGGGAAACGACAATCTGATCATGAGCGG

AGAATTAAGGGAGTCACGTTATGACCCCCGCCGATGACGCGGGACAAGCCGTTTTACGTT

TGGAACTGACAGAACCGCAACGTTGAAGGAGCCACTCAGCCGCGGGTTTCTGGAGTTTAA

TGAGCTAAGCACATACGTCAGAAACCATTATTGCGCGTTCAAAAGTCGCCTAAGGTCACT

ATCAGCTAGCAAATATTTCTTGTCAAAAATGCTCCACTGACGTTCCATAAATTCCCCTCG

GTATCCAATTAGAGTCTCATATTCACTCTCAATCCAAATAATCTGCACCGGATCTGGATC

GTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAG
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GCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCG

GCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAA

TGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGC

AGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCC

GGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGA

TGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAA

ACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCT

GGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCAT

GCCCGACGGCGATGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGT

GGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTA

TCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGA

CCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCG

CCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACG

CCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTC

GGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAG

TTCTTCGCCCACGGGATCTCTGCGGAACAGGCGGTCGAAGGTGCCGATATCATTACGACA

GCAACGGCCGACAAGCACAACGCCACGATCCTGAGCGACAATATGATCGGGCCCGGCGTC

CACATCAACGGCGTCGGCGGCGACTGCCCAGGCAAGACCGAGATGCACCGCGATATCTTG

CTGCGTTCGGATATTTTCGTGGAGTTCCCGCCACAGACCCGGATGATCCCCGATCGTTCA

AACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTATC

ATATAATTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTA

TTTATGAGATGGGTTTTTATGATTAGAGTCCCGCAATTATACATTTAATACGCGATAGAA

AACAAAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTA

GATCGGGCCTCCTGTCAATGCTGGCGGCGGCTCTGGTGGTGGTTCTGGTGGCGGCTCTGA

GGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGCTCTGAGGGAGGCGGTTCCGG

TGGTGGCTCTGGTTCCGGTGATTTTGATTATGAAAAGATGGCAAACGCTAATAAGGGGGC

TATGACCGAAAATGCCGATGAAAACGCGCTACAGTCTGACGCTAAAGGCAAACTTGATTC

TGTCGCTACTGATTACGGTGCTGCTATCGATGGTTTCATTGGTGACGTTTCCGGCCTTGC

TAATGGTAATGGTGCTACTGGTGATTTTGCTGGCTCTAATTCCCAAATGGCTCAAGTCGG

TGACGGTGATAATTCACCTTTAATGAATAATTTCCGTCAATATTTACCTTCCCTCCCTCA
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ATCGGTTGAATGTCGCCCTTTTGTCTTTGGCCCAATACGCAAACCGCCTCTCCCCGCGCG
TTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGA
GCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTAT
GCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAG

CTATGACCATGATTACGCCAAGCTGGCGCGCCATCGATACCGTCGACTCTAGCAAGTTT
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Experiments held during the GST5 and MYB research:

Experiments
Agl

# Treatment

Replicates

EV+4EV+P19
GST5+4EV+P19
PW+EV+P19
PW+GST5+P19
Infiltrated: May 28th
7dpi Harvested: June 4th
13dpi Harvested: June 11th
Extraction June 13th
Analysis: UPLC and QTOF
QTOF
Bo has results

A WN P

7dpi 13dpi
4

4
5
5

Treatment 3 and 4
Treatment 1 and 2

To have leaves at 13dpi, | infiltrate 2 leaves in the same plant

Ag2

# Treatment

Experiment 1

EV+EV+EV+P19
GST5+EV+EV+P19
GST5+EV+DEL+P19
GST5+ROS+EV+P19
GST5+ROS+DEL+P19

a b W N P

Experiment 2

PW+EV+EV+EV+P19
PW+GST5+EV+EV+P19
PW+GST5+EV+DEL+P19
PW+GST5+ROS+EV+P19
10 PW+GST5+ROS+DEL+P19

© 0O N O

Infiltrated: June, 5th
Harvested: June, 11th

Analysis:

Replicates
6dpi

A D D Db

A B D Db

Leaves with transcription factors already died after 6 dpi

Therefore, no meage was performed

Bo has photographs
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Half samples are weighted 80

Ag3

# Treatment Replicates

Experiment 1 4

2 EV+ROS+P19 4

Experiment 2

4 PW+EV+P19 4

6 4EV+EV+P19 4

Infiltrated: June, 18th

Analysis: Treatment 1.2 QTOF: (+) mode Ric 4 method
Treatment 5.6 QTOF: (+/-) mode Ric4/ Tanja methods

Ag5

# Treatment Replicates

1 GST5+PW+Ros +P19 4 4

3 EV+PW+ Ros +P19 4 4

5 EV+PW+EV+P19 4 4

Infiltrated: 7/07/2014

13dpi Harvested:20/07/2014

To have leaves at 13dpi, | infiltrate 2 leaves in the same plant
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Ag6

# Treatment 5dpi

2 ROS+EV+P19 8

5dpi Harvested: 12/07/14

Agll

# Treatment Replicates

1 GST5+PW+Ros +P19 4

3 GST5+PW+EV+P19 4

5 2EV+PW+P19 4

7 GST5+5EW+P19 4

3dpi Harvested: 21/09/14

Ag13

# Treatment Replicates

1 GST5+PW+Ros +P19 4 4

3 GST5+PW+EV+P19 4 4

5 2EV+PW+P19 4 4

7 GST5+5EW+P19 4

5dpi Harvested 2610-2014

Analysis: UPLC Treatment 1,2,3,5 at 5dpi and 13dpi
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