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26  SUMMARY:
27  Here, we present two protocols to transform potato plants. The Agrobacterium tumefaciens
28  transformation leads to a complete transgenic plant while the Agrobacterium rhizogenes
29  produces transgenic hairy roots in a wild type shoot that can be self-propagated. We then
30 detect promoter activity by GUS staining in the transformed roots.
31
32  ABSTRACT:
33 Agrobacterium sp. is one of the most widely used methods to obtain transgenic plants as it has
34  the ability to transfer and integrate its own T-DNA into the plant’s genome. Here, we present
35 two transformation systems to genetically modify potato (Solanum tuberosum) plants. In A.
36 tumefaciens transformation, leaves are infected, the transformed cells are selected and a new
37 complete transformed plant is regenerated using phytohormones in 18 weeks. In A. rhizogenes
38 transformation, stems are infected by injecting the bacteria with a needle, the new emerged
39 transformed hairy roots are detected using a red fluorescent marker and the non-transformed
40 roots are removed. In 5-6 weeks, the resulting plant is a composite of a wild type shoot with
41  fully developed transformed hairy roots. To increase the biomass, the transformed hairy roots
42  can be excised and self-propagated. We applied both Agrobacterium mediated-transformation
43  methods to obtain roots expressing the GUS reporter gene driven by a suberin biosynthetic
44  gene promoter. The GUS staining procedure is provided and allows the cell localization of the
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promoter induction. In both methods, the transformed potato roots showed GUS staining in the
suberized endodermis and exodermis, and additionally, in A. rhizogenes transformed roots the
GUS activity was also detected in the emergence of lateral roots. These results suggest that A.
rhizogenes can be a fast alternative tool to study the genes that have a role in roots.

INTRODUCTION:

Aside from economic interest, the generation of transgenic plants has its own relevance in
research to demonstrate the ultimate function of genes and to better understand plant
physiology and development. The most widely used method for plant DNA insertion is
Agrobacterium-mediated transformation. Agrobacterium tumefaciens is able to generate crown
galls in the infected tissue of many plant species by the action of its tumour-inducing (Ti)
plasmid. The plasmid contains a T-DNA region with a set of genes that will be integrated in the
plant genome and induce tissue dedifferentiation®2. The exchange of these genes within the T-
DNA by the transgene has allowed the generation of specific plant modifications avoiding
phenotypic effects3. To promote the transgene cloning into the T-DNA, the T-DNA region has
been excised in an independent plasmid called a binary plasmid, while the rest of the genes of
the Ti plasmid (the virulence genes that allow the T-DNA transfer and insertion mechanisms)
have been placed in a helper plasmid. For plant biotechnology research, transformation by A.
tumefaciens has several advantages: it does not need expensive devices, is able to generate
both stable and transient plant transformation, and integration of low numbers of gene copies
into the chromosome?. However, for most plants, but not Arabidopsis, the generation of stable
transformants requires plant regeneration from a single or a few cells using exogenous
phytohormones, making this process laborious and time consuming. A. rhizogenes is also able
to modify the plant genome, but in this case, it yields hairy roots or adventitious roots due to
the expression of rol (root loci) genes encoded in the root-inducing (Ri) plasmid®. Although less
studied than A. tumefaciens, A. rhizogenes is also used for obtaining transgenic roots. In this
case, the A. rhizogenes contains the original T-DNA in the Ri plasmid and a binary plasmid with
a second T-DNA carrying the transgene. When the infection site is in stems or hypocotyls, a
composite plant can be obtained, with new hairy transgenic roots emerging from wild type
shoots. Alternatively, hairy transformed roots can grow autonomously in vitro in media with
carbon source inputs. The use of A. rhizogenes instead of A. tumefaciens to produce transgenic
tissue is gaining relevance when the root is the target organ, because plant regeneration is not
required and hence it is faster and less costly. Previous studies have demonstrated this
methodology appropriated for the phenotypic characterization of root specific genes®.

The potato (Solanum tuberosum) is the fourth most important crop in the world according to
the Food and Agriculture Organization of the United Nations (FAO) since the tuber has
nutritional relevance for human consumption for being a good source of vitamins and minerals.
For that reason, potato has been placed in the spotlight of agricultural biotechnology and also is
considered as a good biological model for genetic and developmental studies'®!!. Potato
transformation significantly contributed to the understanding of molecular mechanisms
underlying suberized tissues through the characterization of genes involved in suberin and wax
biosynthesis'®™'7, suberin monomer transport'® and transcription regulation'®. The suberin
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feruloyl transferase gene, FHT, is one of these characterized biosynthetic genes; its
downregulation gives rise to a strong impairment of the periderm protection, which is
correlated with a strong decrease in ferulate esters of suberin and waxes in potato tubers!4.
Concomitantly, in roots and seeds of Arabidopsis, the knockout of its putative orthologue
(ASFT/RWP1) also demonstrated its role in producing alkyl ferulates in suberin?%2%, In potato,
the FHT transcriptional reporter line and the FHT antibody showed that the promoter activity
and the protein are located in the exodermis, the endodermis, the phellogen of the periderm
and in wounded tissues?®.

In this work, we detail a protocol using A. rhizogenes to produce transgenic hairy roots that are
maintained in a wild type stem, generating composite potato plants, or excised to grow
autonomously in vitro. We also provide the protocol using A. tumefaciens to obtain complete
transgenic potato plants. As a case study, A. rhizogenes and A. tumefaciens transformed with
the same binary vector are used to obtain roots with the FHT promoter driving GUS reporter
gene expression. The results are reported and compared.

PROTOCOL:

The A. rhizogenes transformation protocol was adapted and modified from Horn et al.” and the
genotype tested was S. tuberosum ssp. tuberosum (cv. Désirée). The A. tumefaciens
transformation protocol was adapted and modified from Banerjee et al.?2 and the genotypes
tested were S. tuberosum ssp. tuberosum (cv. Désirée) and S. tuberosum ssp. andigena. The
main steps of both procedures are summarized in Figure 1 and Figure 2, respectively.

NOTE: In all the steps of the procedure performing in vitro transfers, do so rapidly, and when
possible, maintain the plates or pots closed, thus minimizing plant exposure to the air to avoid
wilting and contamination. Otherwise stated, all the plant incubations were done in cabinets
under long day conditions of 12 h of 24 °C light/ 12 h of 20 °C dark and 67 pmol m™* s%,
Otherwise stated, perform all the bacteria manipulation and in vitro plant transfers in aseptic
conditions in a laminar flow hood. All the media recipes for Agrobacterium and in vitro plant
cultures are provided in Table 1.

CAUTION: Deposit all material contaminated with genetic modified plants to the appropriated
waste container.

[Place Table 1 here]

1. Agrobacterium cultures used for transformation

NOTE: The strain used for A. rhizogenes was the C58C1:Pri1583’ (kindly provided by Dr. Inge
Broer) and that for the A. tumefaciens was the GV2260. Both bacteria were transformed with

the binary vector carrying the transgene. A. rhizogenes was transformed with PK7GWIWG2_I-
RedRoot (VIB-Department of Plant Systems Biology at Universiteit Gent) that contains a T-DNA
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carrying a selectable marker to monitor the hairy root formation. To compare the transformed
roots generated by both Agrobacterium, A. rhizogenes and A. tumefaciens were transformed
with the binary vector pKGWFS7 which contains a T-DNA carrying the FHT promoter driving the
B-glucoronidase (GUS) reporter gene and the Kanamycin resistance as a selective marker®.

1.1.  Pick a colony of Agrobacterium and grow it overnight (O/N) in 5 mL of YEB medium
supplemented with antibiotics (Table 1) in a 50 mL centrifuge tube at 28 °C with shaking at 200
rom.

1.2.  For A. tumefaciens transformation, measure the optical density, which must be ODsgo =
0.6-1.

1.2.1. |If the optical density is higher, make a subculture lowering it to ODeoo = 0.3 with fresh
media and wait until the culture reaches ODsgo = 0.6-1.

1.3.  Centrifuge 1 mL of Agrobacterium culture at 3,000 x g in a bench-top centrifuge for 10
min at room temperature.

1.4. Remove the supernatant by pipetting, and resuspend cells in 1 mL of fresh YEB medium
without antibiotics. Repeat this step twice to ensure the complete removal of antibiotics.

1.4.1. For A. tumefaciens transformation, in the last resuspension add the appropriate YEB
volume to obtain a final optical density of ODggo = 0.8.

1.5. Keep cells on ice while preparing the plants to be infected.
2. Plant material for transformation

2.1. Make one or two node stem cuttings either containing the apical or the auxiliary buds
from sterile in vitro potato plants (donor plants); grow them in solid 2MS medium in pots for 3
to 4 weeks (Figure 1A and Figure 2A).

3. Plant transformation using A. rhizogenes (Figure 1)

NOTE: This procedure allows the obtaining of transformed hairy roots. To evaluate the
transgene expression, a negative control is needed. To prepare the negative control, follow the
procedure using an A. rhizogenes strain either untransformed or transformed with the empty
vector that includes the transformation marker.

3.1. Use fresh media plates; alternatively, the plates can be kept at 4 °C with the lid side up,
tightly sealed with transparent film to avoid media dehydration. To prepare the square media

plates, incline them ~15°, fill with 40 mL of MS, and let solidify. This will help the aerial part of

the plant to minimize the contact with the medium.
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3.2.  Transfer very carefully a donor plant from the 2MS medium to a 120 mm x 120 mm
square plate.

3.3. Inject to one stem internode 5 pL of the A. rhizogenes culture using a surgical needle
and repeat it twice per plant in different internodes.

NOTE: Consider each injection as an independent transformation event (Figure 1B).

3.4. Transfer immediately the entire plant to a square plate with solid MS medium
supplemented with 0.1 mM acetosyringone. Accommodate 2 plants per plate.

NOTE: The 1 M stock of acetosyringone is prepared in DMSO and can be stored at -20 °C.

3.5. Seal the plate using surgical tape and arrange it vertically inside a growth cabinet for 2
weeks.

3.6. Excise the native roots of the plant, and transfer the plant to a new square plate with
MS medium supplemented with cefotaxime sodium [500 pg/mL] to kill A. rhizogenes. The new
hairy roots will start to appear at this time (Figure 1C,1D). They can be checked by red
fluorescence when using a DsRed transformation marker (Figure 3D).

3.7. To obtain a composite plant (Figure 1E), let the transgenic hairy roots grow for 3-4
weeks in MS medium supplemented with cefotaxime sodium [500 mg/mL] (change the medium
every week).

3.8. Depending on the purpose, propagate the transgenic hairy roots and the negative
controls as follow.

3.8.1. Transfer the whole composite plant to a hydroponic (Table 2) or soil medium to allow
for massive development.

3.8.2. To individually propagate the transformed hairy roots, using a scalpel cut the roots
expressing the red fluorescent transformation marker (DsRed protein) when they are 4-8 cm
long (Figure 1E) and transfer them into a Petri dish with Gamborg B5 solid medium
supplemented with 2% sucrose and cefotaxime sodium [500 mg/mL]. Seal the plates with
laboratory film and grow them in the dark at 20 °C.

NOTE: The roots can be manipulated under a stereomicroscope equipped to detect the
fluorescence (see Table of Materials).

3.8.3. For biomass production (i.e., gene expression analysis), cut a 5 cm long hairy root and
propagate it in a 150 mL Erlenmeyer flask with 20 mL of Gamborg B5 liquid medium
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supplemented with 2% sucrose and cefotaxime sodium [500 pug/mL]. Grow it for 6 weeks in the
dark at 20 °C and 60 rpm.

[Place Figure 1 here]
4. Plant transformation using A. tumefaciens (Figure 2)

NOTE: This procedure allows the obtaining of transformed plants. To evaluate the transgene’s
effect, a negative control is needed. One option is to follow the procedure using an A.
tumefaciens transformed with the empty vector. Alternatively, wild type plants can be used.

4.1. Place a leaf from the 3-4-week old plants in a Petri dish. Using a scalpel exclude the
petiole and make transverse cuts (1-3 depending on the leaf size) from the center of the leaf to
the edges avoiding cutting them off (Figure 2B).

4.2. Immediately place the leaf floating on 10 mL of fresh 2MS liquid media in a Petri dish
with the abaxial side up and close the plate. Repeat the step accommodating up to 15 leaves
for cv. Désirée and 25 leaves for ssp. andigena (depending on the leaf size).

4.3. Immediately add 80 uL of A. tumefaciens culture at ODeoo = 0.8 in the liquid media and
homogenize the plate manually for 1 min to distribute the bacterial solution.

4.4. Carefully seal with sealing film, cover with aluminum foil and incubate for 2 days in a
dark chamber at 24 °C to let the transformation occur.

4.5. Transfer the leaves keeping abaxial side up to CIM medium (Figure 2B) and incubate
them for one week in a growth cabinet.

4.5.1. Scrape the CIM medium with the tweezers so that the leaves can be better
accommodated on the media.

4.6. Transfer the leaves keeping abaxial side up to SIM medium (Figure 2C) and incubate
them in a growth cabinet, refreshing the medium every 7-10 days, until the shoots are about 2
cm tall (Figure 2E).

4.6.1. Scrape the SIM medium with the tweezers so that the leaves can be fully surrounded by
the media. When the emerged shoots reach the lid, work with tall Petri dishes.

NOTE: The callus will form after 2-3 weeks in SIM medium (Figure 2D) and the shoots after 6-7
weeks. The shoots will be considered as independent transformation events when they emerge
from callus formed from independent wounds. The shoots will form after 6-7 weeks in SIM
medium (Figure 2E).
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4.7. Cut three shoots emerged from each callus (considered the same transformation event)
(Figure 2E), transfer them to culture flasks with MG medium supplemented with cefotaxime
sodium [250 mg/L] to allow rooting, label the subset with a number and incubate in a growth
cabinet for 3-4 weeks or until the shoots are vigorous (Figure 2F).

NOTE: When cutting the shoots, remove well the callus otherwise the root will not form.

4.7.1. Repeat the step as many times as independent lines are needed. Up to 5 different
transformation events can be placed in a culture flask with a diameter of 8 cm to work in full
confidence that the plants from different events are not mixed.

4.8. Select the most vigorous plant of each event, cut the apical segment of the shoot with 3-
4 internodes and place it in a new culture flask with 2MS medium supplemented with
cefotaxime sodium [250 mg/L].

NOTE: In 3-6 weeks the plant will grow efficiently, developing a vigorous shoot and roots.

4.8.1. Bring back to the chamber the non-selected shoots until the plant selected has fully
developed.

4.9. Make stem segments from the plant with at least one internode or with the apical bud
and transfer them to new 2MS medium supplemented with cefotaxime [250 mg/L]. Incubate
them in the growth cabinet.

4.9.1. Replicate every 3-4 weeks to establish the in vitro transformed lines.

NOTE: The cefotaxime sodium is needed in at least three subsequent transfers to 2MS medium
to be sure to kill the A. tumefaciens; afterwards, if A. tumefaciens overgrowth is observed,

transfer plant lines again to 2MS media supplemented with cefotaxime sodium.

4.10. To characterize the plant phenotype, transfer plants to soil for their full characterization
or to hydroponics for root inspection.

4.10.1. Keep the tubers produced in soil to propagate and maintain the established lines.
[Place Figure 2 here]

5. Hydroponic culture

5.1.  Prepare the Hoagland’s solution to a half strength (0.5x) (Table 2) in a 10 L bucket.

5.2.  Immerse an aquarium pump to maintain homogeneity and proper oxygen conditions.
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5.3.  Cover the walls of the bucket with aluminum foil to grow roots in dark conditions.
5.4. Avoiding root damage, transfer in vitro plants to hydroponic culture.

NOTE: Remove any remaining in vitro medium from roots to avoid microorganism proliferation
during incubation by shaking carefully the roots immersed in water.

5.5.  Cover the plants with transparent film like a glasshouse to allow adequate
acclimatization and incubate in the growing chamber.

5.6.  Make holes in the film after 3 days and remove it completely one week after.
5.7. Replace with fresh media every 10 days.

[Place Table 2 here]

6. GUS histochemical reporter gene assay

NOTE: In our case the GUS analysis was performed with roots of 2-3 weeks grown in
hydroponics.

6.1.  Fix the roots with 90% chilled acetone (v/v) and incubate it for 20 minutes on ice.
6.2. Perform two washings with distilled water.
6.3. Add fresh GUS staining solution (Table 3) and apply vacuum (-70 Pa) for 20 min.

6.4. Incubate at 37 °Cin dark to protect the photosensitive GUS for 4 h or until a blue color is
visible.

NOTE: The presence of ferri- and ferrocyanide in GUS solution minimize the diffusion of
reaction products and provide more precise localization.

CAUTION: Use a fume hood and wear protective clothing when handling the toxic cyanide
derivatives in GUS solution (the potassium ferricyanide and potassium ferrocyanide). The GUS
substrate and the disposal material should be disposed safely.

6.5. Remove GUS staining solution and discard it in appropriate containers.

6.6.  Perform two washings with ethanol 70% (v/v).

6.7. Observe under a bright field microscope.



346 NOTE: GUS staining is stable for a few weeks; however, during the first week, the GUS signal is
347  clear and diffuses less into neighboring cells. For longer storage, seal the tube and store it at 4
348 °C.

349

350 [Place Table 3 here]

351

352  REPRESENTATIVE RESULTS:

353  Agrobacterium rhizogenes-mediated potato transformation

354  Inthis manuscript the step-by-step procedure set up to obtain transformed root with A.

355  rhizogenes is presented. Figure 1 presents an overview of the assay, which altogether takes
356  around 5-6 weeks (from injection of A. rhizogenes to obtain fully developed hairy roots). Then,
357 the plant can be studied as a composite (wild type shoot, transgenic root) or the transgenic
358  hairy root clones can be excised and grown autonomously in solid Gamborg B5 medium

359 supplemented with 2% sucrose. Alternatively, the hairy roots can be massively propagated
360 using the liquid Gamborg B5 media. The procedure presented has been carried out with S.

361  tuberosum spp. tuberosum (cv. Désirée).

362

363 The method to monitor the procedure and to obtain potato transgenic hairy roots has been
364  validated using a binary vector with the DsRed as a transformation marker (PK7GWIWG2_lII-
365 RedRoot from VIB-Department of Plant Systems Biology at Universiteit Gent). This allowed the
366  easy distinction of transgenic hairy roots from non-transgenic by the red fluorescence.

367  According to that, in Figure 3 the transformed hairy roots exhibited red fluorescence when
368 illuminated with green light. The negative control using the untransformed Agrobacterium

369 showed no red fluorescence (Figure 3C), overall indicating the suitability of the DsRed

370 transformation marker to identify the transgenic hairy roots (Figure 3D). Other transformation
371  markers such as antibiotic resistance can be used as described by other authors?*?4; however,
372  the antibiotics in the media can produce a growth delay in transgenic roots containing the

373  marker.

374

375 [Place Figure 3 here]

376

377  Agrobacterium tumefaciens-mediated potato transformation

378  The second protocol described in this manuscript is set up to obtain, step-by-step, a complete
379  potato plant transformed with A. tumefaciens. Figure 2 presents an overview of the procedure,
380  which altogether takes between 15-18 weeks (from leaf infection with A. tumefaciens to

381  obtaining fully regenerated plants). The most time-consuming part of the procedure is the plant
382  regeneration by organogenesis. This particular step makes this method more laborious than
383  using A. rhizogenes. The procedure has been carried out with S. tuberosum spp. tuberosum (cv.
384  Désirée) and S. tuberosum ssp. andigena, the former being less dependent on short-day

385  conditions to induce tuberization.

386

387 Inthe A. tumefaciens-mediated transformation, in contrast to the A. rhizogenes-mediated

388 transformation, the regenerated plants are completely transgenic organisms. However, though
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the transgenic plants are regenerated in a kanamycin selective media, not all the lines
efficiently express the transgene. Hence, validation of the transgene expression is needed.

Comparison of the promoter FHT activity in roots obtained using A. tumefaciens and A.
rhizogenes

The aforementioned procedures were applied to produce roots expressing the GUS gene under
the promoter of FHT gene. The complete transformed plants with A. tumefaciens were
previously reported?®>, using the binary vector pKGWFS7 containing the FHT promoter. Now,
this binary vector has been used to produce new transformed hairy roots to compare the
tissues where the promoter is active and therefore to test the hairy root system as a tool to
study promoter activation.

Figure 4 shows GUS staining in roots of transgenic plants obtained by A. tumefaciens (Figure
4A,B) and transgenic hairy roots obtained by A. rhizogenes (Figure 4C,D,E,F), respectively. As
can be seen, roots transformed with A. tumefaciens and grown in vitro show blue staining in
the endodermis (Figure 4A), a cell layer between the cortex and the stele. In more developed
roots, the blue labelling is patchy in the external layer corresponding to the exodermis (Figure
4B). In transformed hairy roots grown in hydroponics, the GUS marker was specifically located
in the endodermis (Figure 4C,E), in the emergence of lateral roots (Figure 4D,E), in the
wounded areas (Figure 4E) and in the exodermis (Figure 4F). The roots showed no GUS stain in
negative controls that were either hairy roots without the PromFHT:GUS T-DNA cassette or wild
type roots.

[Place Figure 4 here]

FIGURE AND TABLE LEGEND:

Figure 1: Timeline to obtain potato transgenic hairy roots using A. rhizogenes. The cumulative
weeks to reach each stage of the transformation process and the subsequent steps to grow the
hairy roots are shown. Representative images of different stages are depicted: the initiation of
the process using 3-week-old in vitro plants (A), then infection of the plants by injecting A.
rhizogenes (B), the formation of the proliferative tissue (C, arrows) with emerging hairy roots
(D), and the developed hairy roots expressing the red fluorescent transformation marker DsRed

(E).

Figure 2: Timeline to obtain potato transformed plants using A. tumefaciens. The cumulative
weeks to reach each stage of the transformation process and the subsequent steps to grow the
plants are shown. Representative images of different stages are depicted: the initiation of the
process using leaves from 3-week old in vitro plants (A), the transfer of the wounded and
infected leaves to the CIM media (B), the leaves when transferred to SIM media (C), the
visualization of the callus around the wounded areas after 2-3 weeks in SIM media (D), the
shoot formation after 9-11 weeks in SIM media (E), and the shoots after being transferred to
MG media (F).
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Figure 3: Fluorescent transgenic hairy roots of potato (cv. Désirée) transformed by A.
rhizogenes. The hairy roots were obtained using a non-transformed A. rhizogenes (strain
C58C1: pRI1583) (A and C) and with A. rhizogenes (strain C58C1:pRI11583) transformed with the
empty vector pK7GWIWG2- (II) Red-Root carrying a DsRed transformation marker (B and D).
The hairy roots are formed in both infections (A, B) but red fluorescence is only observed in
hairy roots transformed with the A. rhizogenes containing the binary vector. The images were
taken with a stereomicroscope equipped with a lamp and a specific filter to visualize the red
fluorescence.

Figure 4: Histochemical observation of transgenic potato roots expressing the GUS reporter
gene driven by the promoter of FHT. The roots from complete transgenic plants obtained by A.
tumefaciens (S. tuberosum ssp. andigena) transformation (A-B) show blue staining in the
endodermis (A) and exodermis (B). The transgenic hairy roots obtained by A. rhizogenes (S.
tuberosum ssp. tuberosum cv. Désirée) transformation (C-F) display GUS staining in the
endodermis (C and E), in the lateral root emergence (D and E), in the wound-healing zone (E)
and in the exodermis (F). Endodermis (EN); Exodermis (EX); Xylem (XL); Primordia of a lateral
root (LR). The red arrow indicates the wounded area.

Table 1: Media recipes used for growing bacteria and in vitro plants.
Table 2: Half strength Hoagland’s solution for growing potato plants in hydroponics.
Table 3: GUS staining solution recipe.

DISCUSSION:

In potato, the most common system to obtain stable complete transgenic plants uses the
transformation by Agrobacterium tumefaciens strains that require organogenesis using
exogenous phytohormones. Although the Agrobacterium based protocols has the potential to
integrate non-T-DNA vector sequence?>, this methodology is still the easiest and less expensive
available to transform potato plants. During last years, the interest in A. rhizogenes-mediated
transformation has got the attention of researchers for allowing to obtain transgenic roots in
shorter periods than using A. tumefaciens. The A. rhizogenes still preserves the root-inducing
(Ri) plasmid that carries a set of genes encoding enzymes for the phytohormone auxin control
and cytokinin biosynthesis, and encoding for opines?®. Once the Ri T-DNA is inserted into the
host genomic DNA, the new hormonal balance deregulates the infected cells inducing the
formation of proliferating roots, called hairy roots, emerging at the points of infection?’. When
an additional binary vector is used for integrating a foreign DNA, the preservation of the Ri
plasmid confers the possibility to obtain transformed hairy roots with no need of organogenesis
using exogenously applied phytohormones?®. The hairy roots can be maintained attached to the
wild type shoot generating a composite plant or can be self-propagated. This ability of hairy
roots to self-propagate is being exploited to produce in several plants hairy roots as a biological
system for mass-producing valuable metabolites or foreign proteins, generating interests in
pharmaceutics and even phytoremediation areas (see for review?>3°). In potato (var. Kufri



475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517

Bahar), transgenic complete plants were infected with wild type A. rhizogenes strain to produce
hairy roots expressing the Hepatitis B surface antigens (HBsAg)?3. Alternatively, a complete
transgenic plant regenerated from hairy roots can be obtained, but potato plant and tubers
showed distinct development compared to the untransformed controls. These differences in
the phenotype are due to the original Ri T-DNA integrated within the genome3%32,

In this work, the detailed procedures to obtain transgenic stable hairy roots using A. rhizogenes
and transgenic stable plants using A. tumefaciens are presented (Figure 1 and Figure 2). The
fully developed transgenic hairy roots were obtained in 5-6 weeks, while transgenic roots using
A. tumefaciens needed 15-18 weeks due to the organogenesis requirement from transformed
cells, and the selection and propagation of transformed plants. In our hands, the A. tumefaciens
transformation procedure works efficiently in S. tuberosum ssp. andigena and ssp. tuberosum
(cv. Désirée), with a reported transformation efficiency around 35%2? and 48%*2, respectively.
The described A. rhizogenes transformation procedure is based on that reported by Horn’,
which showed a high (80—-100%) transformation efficiency in cv. Désirée and other three potato
cultivars (Albatros, Désirée, Sabina and Saturna).

To present A. rhizogenes as an alternative transformation system for potato functional studies
and to indicate whether the initial presence of Ri T-DNA was matter of concern, we used both
systems to transform potato roots with the same binary vector that contained a T-DNA with a
promoter of a suberin biosynthetic gene (FHT) driving the expression of the GUS reporter gene.
The histochemical analysis revealed that in A. tumefaciens transformed plants, the activity of
the FHT promoter was in the inner and outer suberized layers of the roots (endodermis and
exodermis, respectively) (Figure 4A,B) and also in the wounded areas of the leaf, stem and
tuber®®. In A. rhizogenes transformed hairy roots, the activity was also detected in endodermis
and exodermis and in the wounded root areas (Figure 4E). The co-occurrence of the suberin
promoter activity in both types of transformed roots indicates that the Riintegrated T-DNA is
not affecting the developmental processes related to suberization at least in these root tissues.
In transformed hairy roots we also detected activity of the FHT promoter in the areas
surrounding the emergence of lateral roots (Figure 4D,E). This agrees with the promoter activity
reported by other genes involved in the transport of suberin monomers such as ABCG11 /
WBC113373% or the regulator StNAC103*°. The potato transformation by A. rhizogenes to study a
suberin gene has already been reported recently®’ and also in that case hairy roots have
allowed to show the promoter activation of CYP86A33, a fatty acid w-hydroxylase. However,
the GUS staining in roots was bulk quantified using a fluorometric assay, hence the specific
expression in suberized tissues was only presumed.

Altogether these results evidence that A. rhizogenes transformation is a faster alternative tool
to explore the cell type-specific promoter activation of suberin-related genes in roots, which
may be extended to studies based on other processes that occur in roots. In agreement, some
other functional genetic studies have been successful using A. rhizogenes in potato, tomato and
eucalyptus to demonstrate the gene function®, to study the hormonal response3®3° or the
promoter activity*®*!, However, this strategy still may present limitations, especially when
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studying tightly-controlled developmental processes that may be deregulated by the Ri T-DNA
or when the whole plant or the tubers or other organs different from roots want to be studied.
In these situations, the A. tumefaciens transformation system is still preferred.
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PLANT MEDIA

Ms

Murashige and Skoog media including vitamins 44¢g
MES hydrate 05¢g
milliQ water uptollL
Adjust the pH to 5.8 with KOH

Add Gellan gum directly to the bottle for its insolubility at room temperature 23g
Autoclave for 15 min at 121 °C and 1 atm

2MS (MS supplemented with 2 % sucrose)

Murashige and Skoog media including vitamins 44¢g
MES hydrate 05¢g
Sucrose 20g
milliQ water uptollL
Adjust the pH to 5.8 with KOH

When solid media is required, add Gellan gum directly to the bottle for its insolubility at room temperature 23g
Autoclave for 15 min at 121 °C and 1 atm

MG

Murashige and Skoog media including vitamins 44¢g
MES hydrate 05¢g
Glucose 16g
milliQ Water uptollL
Adjust the pH to 5.8 with KOH

Add Plant Agar directly to the bottle for its insolubility at room temperature 55g
Autoclave for 15 min at 121 °C and 1 atm

Callus Induction Media (CIM)

Autoclaved and cooled at 60 2C MG media 1L

Suplement with:

Naphthalene acetic acid (NAA) at 1 mg / mLin DMSO
6-Benzylaminopurine (BAP) at 1 mg / mL in ethanol

Cefotaxime sodium (to kill Agrobacterium) at 250 mg / mLin H,0

Kanamycin (or other antibiotic of the selective marker to select transgenic cells) at 50 MG / Ml in H,0
Use fresh plates when possible. Alternatively, they can be stored up to 10 days at 4 2C in a sealed plastic box with the lid side up

S5mL[5mg/L]
100 ul [0.1 mg /L]
1ml[250 mg /L]
1ml[50mg/L]

Shoot Induction Media (SIM)

Autoclaved and cooled at 60 2C MG media
Suplement with:

Zeatin riboside at 2 mg / mLin DMSO

Naphthalene acetic acid (NAA) at 1 mg / mLin DMSO
Gibberellic acid (GA;) at 1 mg / mLin ethanol

Cefotaxime sodium (to kill Agrobacterium) at 250 mg / mLin H,0

Kanamycin (or other antibiotic of the selective marker to select transgenic cells) at 50 mg / mL in H,0
Use fresh plates when possible. Alternatively, they can be stored up to 10 days at 4 2C in a sealed plastic box with the lid side up

1L

ImL[2mg/L]
20pL[0.02 mg /L]
20pL[0.02 mg /L]

1ml[250 mg /L]
1ml[50mg/L]

BACTERIOLOGICAL MEDIUM

YEB medium composition

Yeast extract 10g
Beef extract g
Peptone 5g
Sucrose 5g
MgS0, 0.49¢g
milliQ water uptollL
Adjust pH to 7.2 with NaOH

Add Bacteriological agar directly to the bottle for its insolubility at room temperature 15g
Autoclave for 15 min at 121 2C and 1 atm

To select all Agrobacterium strains add: 1L

Rifampicin at 50 mg / mL in DMSO

Additionally, to select A. rhizogenes C58C1:Pri1583 strain add:
Kanamycin at 50 mg / mLin H,0

Additionally, to select A. tumefaciens GV2260 strain add:
Carbenicillin at 25 mg / mL in H,0

To select the transformed Agrobacterium with PK7GWIWGZ2_ll-RedRoot plasmid or pKGWFS7 plasmid add:

Streptomycin at 150 mg / mLin H,0
Spectinomycin at 50 mg / mL in H,0

2 mL [100 mg/ L]

1 mL[50 mg/L]

1mL[25mg/ L]

2mL[300 mg /L]
2 mL [100 mg/ L]

*
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Components | Stock Solution [g / L] | Final concentration [uM] | mL Stock Solution / 10 L
KNO; 202 2500 12.5
Ca(NO,), - 4H,0 472 2500 12.5
Iron (Sprint 138 iron chelate) 15 12 7.5
MgSO, - 7H,0 493 1000
NH,NO, 80 500 5
KH,PO, (pH 6.0 with KOH) 136 250 2.5
H5BOs5 2.86 23 5
MnCl, - 4H,0 1.81 4.57 5
ZnS0O, - 7H,0 0.22 0.38 5
CuSO, - 5H,0 0.05 0.1 5
Na,MoO, - 2H,0 0.12 0.25 5
Distilled H,0 uptol0L
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Table 3 Click here to access/download;Table of Materials;table3.xlsx 2

Components Stock Concentration Final Concentration Volume of :;c::': elutonl]
X-GIcA (5-Bromo-4-chloro-3-indolyl B-D- 1 mL of methanol with 10
glucuronide cyclohexylammonium salt)® i 1 mM mg of X-GlcA dissolved
Sodium phosphate buffer 2X pH 7 1000 mM 50 mM 10 mL
Potassium ferricyanide1 100 mM 1mM 200 pL
Potassium ferrocyanide1 100 mM 1mM 200 pL
EDTA 500 mM 10 mM 400 pL
Triton X-100 10% 0.05% 100 pL
milliQ H,0 up to 20 mL

! Photosensitive reagents, so protect GUS solution from light.
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Table 3

. . Catalog
Name of Material/ Equipment Company Number
Acetone Panreac 1.310.071.21
Acetosyringone Acros 115540050
Aquarium pump Prodac MP350
Autoclave Ragpa Strelimatic
Bacteriological agar Lab Conda 1800
BAP Duchefa B0904
Beef extract Lab Conda 1700
Plant growing cabinet Nuaire
Carbenicillin Duchefa C0109
Cefotaxime sodium Duchefa Cco111
DMSO Merck 1029310161
Ecotron infors HT 29378
Ethanol Merck 1,009,831,011
Falcon tube Control tecnica CFT011500
Ferricyanate Sigma 101001081
Ferrocyanate Sigma 100979088
Flask (8.06 cm diameter and 11.3
cm height) and plastic lid for in
vitro culture Apiglass refl6
GA3 Sigma G7645
Gamborg B5 media Duchefa G0210
Gelrite Duchefa G1101
Glucosa Sigma G5767
Kanamycin Sigma K1377
Leukopor tape BSN Leukopor BDF47467
Lupe Wild-Heerbrugg M420
Magnetic shaker Agimatic 7000243
MES hydrate Sigma M2933-25G
MgS04 Panreac 131404
Microscope Olympus
Minufugue centrifugue 5415R Eppendorf
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Murashige and Skoog media Duchefa M0254.0050
Na2HPO4 Panreac 131679

NAA Duchefa N0903

NaCl Panreac 131659
NaH2PO4 Sigma 58282
NightSea Stereo SFA Moonting Adapter

Parafilm Anorsa PRFL-001-001
Peptone Lab Conda 1616

Petri dishes (90 x 14) Anorsa 200200
pHmetre Crison

Phytotron Inkoa RFTI-R5485
Plant Agar Duchefa P1001
Refrigeratot Liebherr Medline

Rifampicin Duchefa RO146
Spectinomycin Sigma 59007
Spectrophotometer Shimadzu

Square plates (120 x 120) Deltalab 200204
Streptomycin Sigma $6501
Sucrose Panreac 131621
Surgical blades Swann-Morton 201

Surgical needle NIPRO 015/0204
Triptone Lab Conda 1612

Triton Serva 37240
Unimax 1010 shaker Heidolph

Vacuum Dinko

x-GlcA (5-Bromo-4-chloro-3-

indoxyl-beta-D-glucuronic acid,

sodium salt anhydrous) Biosynth B-7398
Yeast extract Lab Conda 1702.00
Zeatin riboside Sigma 1001042850
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course of his or her duties as a United States government employee.
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ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0  Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2, Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JOVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JOVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JOVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
‘decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assignéd by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Dear Editor,

We are hereby replying the comments raised by the Reviewers (and the Editor) for the
manuscript JoVE59119 entitled: "Agrobacterium tumefaciens and Agrobacterium
rhizogenes-mediated transformation of potato and the promoter activity of a suberin
gene by GUS staining" by Sandra Fernandez-Pifidn, Jennifer Lopez, Iker Armendariz,
Pau Boher, Mercé Figueras and Olga Serra.

We have structured the Reviewers’ comments in a question and answer (in blue)
format in order to facilitate the identification of the points raised by them.

The original manuscript has been extensively revised and modified according to the
reviewers’ comments in order to clarify their questions and to increase the general
quality and readability of the manuscript. The authors express their gratitude to the
Reviewers for their time and for providing helpful comments, which have clearly
contributed to the improvement of our original submission. We are confident that,
following this revision, the manuscript is clearer and we hope that it will be finally
considered acceptable for publication.

Best regards,

Olga Serra
Universitat de Girona.

potato and the promoter activity of a suberin gene by GUS staining
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KEYWORDS:
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Solanum tuberosum, suberin, root, potato

SHORT ABSTRACT:

Here we present two protocols to transform potato plants. The Agrobacterium
tumefaciens transformation leads to a complete transgenic plant while the A:
rhizogenesA. rhizogenes produces transgenic hairy roots in a wild type shoot that can be

self-propagated. We then detect the promoter activity by GUS staining in the

LONG ABSTRACT:

Agrobacterium sp. is one of the most widely used methods to obtain transgenic plants as
it has the ability to inserttransfer and integrate its own T-DNA into the plant’s genome.
Here, we present two transformation systems to genetically modify ied-potato (Solanum
tuberosum) plants. In A—tumefaciensA. tumefaciens transformation, leaves are infected,
the transformed cells selected and a new complete transformed plant is regenerated
using phytohormones in 18 weeks. In A—rhizegenesA. rhizogenes transformation, stems
are infected by injecting the bacteria with a needle, the new emerged transformed hairy
roots are detected using a red fluorescent marker and the non-transformed roots are
removed. In 5-6 weeksFhus, the resulting plant -is a composite of a wild type shoot with
fully developed transformed hairy roots. To increase the biomass, the transformed hairy
roots can be excised and self-propagated. We applied both Agrobacterium mediated-
transformation methods to obtain roots transformed-withexpressing the GUS reporter

gene driven by a suberin biosynthetic gene promoter. The GUS staining procedure is
provided and allows the cell localization of the promoter induction. In both methods the
transformed potato roots showed GUS staining in the suberized endodermis and
exodermis, and additionally, in A—rhizogenesA. rhizogenes transformed roots the GUS
activity was also detected in the emergence of lateral roots. These results suggest that A~
rhizegenesA. rhizogenes can be a fast alternative tool to study the genes that have a role

in roots.
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INTRODUCTION:

Aside from economic interest, the generation of transgenic plants has its own relevance
in research to demonstrate the ultimate function of genes and to better understand plant
physiology and development. The most widely used method for plant DNA insertion is
AgrebacteriumAgrobacterium-mediated transformation. AgrebacterivmAgrobacterium
tumefaciens is able to generate crown galls in the infected tissue of many plant species
by the action of its tumour-inducing (Ti) plasmid. The plasmid contains a T-DNA
region with a set of genes that will be inserted-integrated in the plant genome and
induce tissue dedifferentiation'2. The exchange of these genes within the T-DNA by the
transgene has allowed the generation of specific plant modifications avoiding
phenotypic effects®. To promote the transgene cloning into the T-DNA, the T-DNA
region has been excised in an independent plasmid called a binary plasmid, while the
rest of the genes of the Ti plasmid (the virulence genes that allow the T-DNA

insertion mechanisms) have been placed in a helper plasmid. For plant
biotechnology research, transformation by Agrebacterium—A—tumefaciensA.
tumefaciens has several advantages: it does not need expensive devices, is able to
generate both stable and transient plant transformation, and integration of low numbers
of gene copies into the chromosome*. However, for most plants, but not Aaarabidopsis,
the generation of stable transformants requires plant regeneration from a single or a few
cells using exogenous phytohormones, making this process expensive-laborious and
time consuming. Agrebacterium-A—rhizogenesA. rhizogenes is also able to modify the
plant genome, but in this case, it yields hairy roots or adventitious roo:ts due to the
expression of rol (root loci) genes encoded in the root-inducing (Ri) plasmid®. Although
less studied than A—tumefaciensA. tumefaciens, A—rhizegenesA. rhizogenes is also used
for obtaining transgenic roots.bietechnelogical-and-research-approaches—However— In
this case, the A—rhizegenesA. rhizogenes wsed-still-contains the original T-
DNA in the Ri plasmid_and a ;-butineorperates-a-binary plasmid with a second T-DNA
that-preduees-carrying the transgene. When the infection site is in stems or hypocotyls,
a composite plant can be obtained, with new hairy transgenic roots emerging from wild
type shoots. Alternatively, hairy transformed roots can grow autonomously -vitrein
vitro in media with carbon source inputs. The use of A—rhizegenesA. rhizogenes instead
of A—tumefaciensA. tumefaciens to produce transgenic tissue is gaining relevance when
the root is the target organ, because plant regeneration hermene—apphication—is not
required forplantregeneration-and hence it is faster and less costly.

have demonstrated this methodology appropriated for the phenotypic

characterization of root specific genes®°.
The potato (Solanum tuberosum) is the fourth most important crop plant-in the
world according to the Food and Agriculture Organization of the United Nations (FAO);




since-and the tuber has nutritional relevance infor because—itfor
being-is a good source of vitamins and minerals. Fe-that-endFor that reason, potato has
been placed in the spotlight of agricultural biotechnology and also is considered as a
good biological model for genetic and developmental studiest®!!. Potato transformation
significantly contributed to the understanding of molecular mechanisms underlying
suberized tissues through the characterization of genes involved in suberin and wax
biosynthesis'?Y’, suberin monomer transport'® and transcription regulation®®. The
suberin feruloyl transferase gene, FHT, is one of these characterized biosynthetic genes;
its downregulation gives rise to a strong impairment of the apeplastic—periderm
protectionbarrier, which is correlated with a strong decrease in ferulate esters of suberin
and waxes in potato tubers*. Concomitantly, in AAarabidepsis—roots and seeds_of
Arabidopsis, the knockout of its putative orthologue (ASFT/RWP1) also demonstrated
its role in producing alkyl ferulates in suberin®®?L, In potato, the FHT transcriptional
reporter line and the FHT antibody showed that the promoter activity and the protein are
located in the exodermis, the endodermis, -and-the phellogen_of the periderm and in
wounded tissues®®.

In this work, we witdetail a protocol using A—rhizegeresA. rhizogenes to produce
transgenic hairy roots that wil—beare maintained in a wild type stem, generating
composite potato plants, or excised to grow autonomously -vitrein vitro. We wit-also
provide the protocol using A—tumefaciensA. tumefaciens to obtain complete transgenic
potato plants. As a case study, A—rhizegenesA. rhizogenes and A—tumefaciensA.
tumefaciens transformed with the same binary vector wil-arebe used to obtain roots
with the FHT promoter driving GUS reporter gene expression. The results will-arebe
reported and compared.

PROTOCOL:

Note: The A—vhizegenesA. rhizogenes transformation protocol was adapted and
modified from Horn et al.” and the genotype tested was S. tuberosum ssp. tuberosum
(cv. Désirée).and—t The A—tumefaciensA. tumefaciens transformation protocol was
adapted and modified from Banerjee et al.?? and the genotypes tested were S. tuberosum

ssp. tuberosum (cv. Désirée) and S. tuberosum ssp. andigena. The main steps of both

procedures are summarised in FigureFigures 1 and 2, respectively.
Note: In all the steps of the procedure performing ia—vtrein vitro transfers, do so

rapidly, and when possible, maintain the plates or pots closed, thus minimizing plant
exposure to the air to avoid wilting and contamination.

Note: Otherwise stated, all the plant incubations were done in cabinets under long day
conditions of 12 h 24 °C light/ 12 h 20 °C dark and 67 pmol m™ sec™.

Note: Otherwise stated, perform all the bacteria manipulation and in vitro plants
transfers in aseptic conditions in a laminar flow hood.

Note: All the media recipes for Agrobacterium and in vitro plant cultures are

provided in Table 1.

Caution: Deposit_all material contaminated with genetic modified plants to the
appropriated waste container.

[Place Table 21 here]
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Agrobacterium_cultures used for transformation
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Note: The strain used for A. rhizogenes was the C58C1:Pri15837 (kindly provided by

Dr. Inge Broer) and that for the A. tumefaciens was the GVV2260. Both bacteria were
transformed with the binary vector carrying the transgene. A. rhizogenes was
transformed with PK7GWIWG2 II-RedRoot (VIB-Department of Plant Systems

Biology at Universiteit Gent) that contains a T-DNA carrying a selectable marker to
monitor the hairy root formation. To compare the transformed roots generated by both
Agrobacterium, A. rhizogenes and A. tumefaciens were transformed with the binary

vector pKGWFS7 which contains a T-DNA carrying the FHT promoter driving the - -
glucoronidase (GUS) reporter gene and the Kanamycin resistance as a selective ~
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1. Pick a colony of Agrobacterium and grow it overnight (O/N) in 5 mL of YEB / /

medium supplemented with antibiotics (Table 1) in a 50 mL centrifuge tube at ~

28 °C with shaking at 200 rpm.

2.  For A. tumefaciens transformation, measure the optical density, which must be
ODsoo = 0.6-1.

2.1.  If the optical density is higher, make a subculture lowering it to ODeog =
0.3 with fresh media and wait until the culture reaches ODgoo = 0.6-1.

3.  Centrifuge 1 mL of Agrobacterium culture at 3,000 x g in a bench-top centrifuge
for 10 min at room temperature.

4.  Remove the supernatant by pipetting, and resuspend cells in 1 mL of fresh YEB+«
medium without antibiotics. Repeat this step twice to ensure the complete
removal of antibiotics.

4.1. For A. tumefaciens transformation, in the last resuspension add the<
appropriate YEB volume to obtain a final optical density of ODgsoo = 0.8.
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5.  Keep cells on ice while preparing the plants to be infected. <
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Plant material preparationfor transformation
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1.6. Produce-Make one or two node stem cuttings either containing the apical or the<

auxiliary buds from sterile in-vitrein vitro potato plants (donor plants); by-stem -
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cyttings—and-grown them in solid 2MS medium in pots {eigure1A)for 3 to 4
Weeks (quure 1A and Figure 2A)—in-cabinets underlong-day-conditionsof 12-h
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Plant transformation using A—+hizegenesA. rhizogenes (FigureFigure 1)
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5= Note: Always-try-te-uUse fresh media plates, though alternatively, the plates can«— | Formatted: Space Before: 0 pt, No bullets or
be kept at 4 °C with the lid side up, tightly sealed with transparent film to avoid media numbering

dehydration, : S . . : {Formatted: Font: 11 pt
Note: To prepare the square media plates, incline them ~15°, fill with 40 mL of<«

' {Formatted: No bullets or numbering

MS, and let solidify. This will help the aerial part of the plant to minimize_the contact
with the medium.

Note: This procedure allows the obtaining of transformed hairy roots. To evaluate the
transgene expression, a negative control is needed. To prepare the negative control,
follow the procedure using an A. rhizogenes strain either untransformed or transformed
with the empty vector that includes the transformation marker.
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7. TransferRemeve very carefully a donor whele—plant very—earefully—from the Formatted [—j
2MSsehd medium toand-place-iten a 120 mm x 120 mm square plate, -a-sterile

I

8. tnoeulatelnject fo one stem internode 5 uL of the A-—rhizogenesA. rhizogenes: {Formatted: Font: Not Bold, Highlight
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Note: -Consider each punetureinjection as an independent transformation«.
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Transfer immediately the entire plant to a square plate with solid MS medium

14:10.

12.

supplemented with 0.1 mM acetosyringone—fer—two—weeks. Accommodate 2
plants per plate.

12.  Note: The 1 M stock of acetosyringone is prepared in DMSO and can be< '

/
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stored at -20 °C,

used-in-step-4-

Seal the plate using surgical Leukeper-tape and arrange the-petri-gishit vertically
inside a growth cabinet for 2 weeks-undertong-day-conditions—of 12 h24 °C
hqh#—k&h%@—@—daﬁea%gh#daﬂeeyd&e#ﬁ#ﬁ—#apzﬁ%ﬁzg—efmspeewe%
and-67-pmolm?see

ﬁAaﬁte4r—2—\+\,¢eel»es—e‘_)(c|se the native roots of the plant, and transfer the plant to a« -

new square plate with MS medium supplemented with cefotaxime sodium [{500 |

po/mL]} to Kill ArhizegeresA. rhizogenes.
11.  Nete-The new hairy roots will start to appear at this time (FigureFigure 1C, \

"~ 1D). They can be checked wvisualized—by red fluorescence when using a
DsRed2DsRed,transformation marker, (FigareFigure -3 D).

is., P

16:13.

(change the medium every week).

negative controls—Bdepending-on
follow:

a131. -

tTransfer the whole ¢ omposne plant to a hydroponlc (Table 12) or 50|I
medlum to aIIow for massive development eaew

132. To |nd|V|duaIIy propagate the transformed hairy roots, using a scalpel<
select—and—cut,—using—a—scalpel—under—sterile—conditions, the roots

expressing the red fluorescent transformation marker (BsRed2DsRed

To obtain a composite plant (Figure 1E), let the transgenic hairy roots grow for«\,
3-4 weeks in MS medium supplemented with cefotaxime sodium [S00 mg/mL] ||

Depending on the purpose, pPropagate the transqenlc halrv roots and the<
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protein)_when they are 4-8 cm long (Figure 1E) and- Fransfer-transfer | |

them into a petri dish with Gamborg B5 solid medium supplemented
with 2% sucrose and cefotaxime sodium {[500 mg/mL]}. S-—seal the
plates with laboratory filmParafitm and grow them in the dark at 20 °C.

b Note: The roots can be manipulated under a stereomicroscope
equipped_to detect the fluorescence—with an—adapter—(see table of

matenals)—%&deteet—the—ﬂeemseenee Akema%welrthﬁ\t@ht&ea&e%ee
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€13.2.1. For biomass production (i.e. gene expression analysis), cuta 5 cm
long hairy root and propagate it in a 150 mL Erlenmeyer flask
with 20 mL of Gamborg B5 liquid medium supplemented with
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2% sucrose and cefotaxime sodium [{500 pg/mL]}. Grow it for 6
weeks in the dark at 20 °C and 60 rpm.
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[Place FigureFigure 1 here] {Formatted: Font: Bold

'?,',5'?1,UU[@DﬁQEFT]@UQD,,!e!??,'ﬂ,, A-tumefaciensA. tumefaciens (FigureFigure 2) Formatted
Note: This procedure allows the obtaining of transformed plants. To evaluate the
transgene’s effect, a negative control is needed. One option is to follow the procedure
using an A—tumefaciensA. tumefaciens transformed with the empty vector.

Alternatlvelv, wild type plants can be used.
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14. and—usmq—Use—a—sealpel—eut—and—te— exclude the petiole and make transverse Formatted ﬁ
seetions-cuts_(1-3 depending on the leaf size) eninfrom the cthe—eentre of the /

leaf and-extend-it-to the edges avoiding cutting them off _(Figure 2B), (Figure

15.  Immeediately place the leaf floating on 10 mL of fresh and-sterite-2-MS liquid
media in a petri dish with the abaxial side up and close the plate. Repeat the step

with-as-many-leaves-as—can-be-accommodatingee
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leaves for cv. Désirée and 205 leaves for ssp. andigena (depending on the leaf %Formatted
size)aximurm), |

S5-—Immediately a;, /{ Formatted
16. mgeulateAelddd 80 pL of 8:8-UA A—tumefaeiensA. tumefaciens culture at ODgoo
= 0.8 jin the |IQUId media and -to-the-plate-with-theleaves—and-hHhomogenise

the plate manually for 1 min to distribute the bacterial solution.
6:17.  Carefully seal with laberatory—sealing film, cover with aluminium foil and Formatted
incubate for 2 days in a dark chamber at 24 °C to let the
#ansfeenemm‘-eeuentransformatlon occur, Gauﬂen—De—net—leave—the—weuﬂded
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incubate them for one week in a growth cabinet, , [ Formatted: Highlight
Note: Scrape the CIM medium with the tweezers so that the leaves can be better« {
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19.  Transfer the Ieaves keeping abaxial side upfagain-with—the—abaxial-side—up), to Formatted: Outline numbered + Level 1 + Numbering
S ( Fiqure 2CD). Style: 1, 2, 3, ... + Start at: 1 + Alignment: Right +
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until the shoots are about 2 cm tall (quure 2E)
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21.

Note:- The callus will form after 2-3 weeks in SIM medium (Figure 2D)

and the shoots after 6-7 weeks. The shoots will be considered as independent

transformation events when they emerge from callus formed from independent

wounds. every-callus-that-came-out-from-a-single-wound-is—considered-as—a

single-transformation-event.

19.  Note: The shoots will form after 6-7 weeks in SIM medium (Figure 2E). /{ Formatted
20.  Fake-Cut three shoots efemerged from each ealtus-callus (considered the same~-

" ‘transformation event) (Figure 2E) {same—transformation—event)and— transfer

them to culture flasks with MG medium supplemented with cefotaxime sodium
[250 mg/L] fFigure-2B}to allow rooting, label the subset with a number and
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incubate in a growth cabinet for 3-4 weeks or until the shoots are vigorous

gFigure 2F).,

independent«

transfepmaﬂen—evem—sepamely—Crltlcal step When cuttlnq the shoots remove
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20.1.  Repeat the step as many times as independent lines are needed. <
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20.2.  Up to 5 different transformation events can be placed in a culture flask

with a diameter of 8 cm to work in full confidence that the plants from

different events are not mixed.
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Select the most vigorous plant of each event, cut ithe apical segment of the

22.

shoot with 3-4 internodes —and place it in a new culture dishflask-flask with 2

MS medium supplemented with cefotaxime sodium [250 mg/L]-(Figtre2E) - |

NeteNote: Hr—this—edivm—tIn 3-4-6 weeks; the plant will grow eff|C|entIy,

developlng the-a vigorouseemplete shoot and roots-ergans{itcould-take-tup-to-6
weeks),

12 Gnﬂeal—steaNoteaHﬁenNete. Save—Bring back to the chamber the< \

reraining—non-selected shoots until the—ene—selectedthe plant selected —has
developedrestsfully developed.

Make stem e—eutssegments from the fullydeveloped-plant with at least one

internode or with the apical bud and transfer it-them to new- 2-MS medium
frigure2E) supplemented with cefotaxime [250_mg/L], Incubate them jn the

growth cabinet.
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22.1. Replicate every 3-4 weeks to establish the in—vitrein vitro transformed

- opelgrevoipsernllelihe segntve contral lapis
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Ee%ﬂ—g%ew#e%—weeks—a%—rephea{e—n—aga%k%peaﬁms—s@p
cvers oAb eele o oo s Note: The medivm-has-to-be

supplemented—with—cefotaxime sodium is needed in at least three

subsequent transfers to 2-MS medium to be sure to Kkill the A
tumefaciensA. tumefaciens; afterwards, if A—tumefaciensA. tumefaciens
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overgrowth is observed, transfer plant lines again to fresh-2-MS media
supplemented with cefotaxime sodium-f589-meft}. |
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23. To characterize the plant phenotype, H-the—objective—isto—massively-develop
plantsthen-transfer the-plantsplants to an-hydropenieeutture-erte-soil for their,
full characterization or to hydroponics for root inspection-media.

14.23.1. Keep the tubers produced in soil to propagate and maintain the
established lines. Fhe—plants—can—be—transferred—to—a—hydroponic
redivm-osel-to-allew-tor—massive-develepment

[Pléce FigureFigure 2 here]
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31, Fix the roots —tisste-with 90 % chilled acetone (v/v) and incubate it for 20<
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and—&@é%—@#v)%%en—)é—i@@)—ﬁ«pply vacuum (- 70 Pa) for 20 mm

34. -and-ilncubate at 37 °C in-the dark to protect the photosensmve GUS £x-6le

phetesensmw%y—}‘for 4 heurs or until a blue colour is visible.

Note:

Nete—The presence of ferri- and ferrocyanide in .
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Cautien:-Caution: Use a fume hood and wMWear glevesprotective, clothing when<

handling the toxic cyanide derivatives in GUS solution (-—as—the potassium
ferricyanide and potassium ferrocyanide). -eontain-toxic-cyanide-that-sheuld-be
handled-inan-extractioncabinet—The GUS substrate and the disposal material

should be dlsposed safely.
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REPRESENTATIVE RESULTS:

AgrobacterimAgrobacterium rhizogenes-mediated potato transformation
Fhefirstprotecol-deseribed-In this manuscript the step-by-step procedure is-set up to

obtain-step-by-step- transformed root transformation-wwith A—rhizegenesA. rhizogenes
From-native-wild-type plants_is presented.- FigureFigure 1 presents an overview of the

assay, which altogether takes around 21—days5-6 weeks (from |nject|on of A~

rhizogenesA. rhizogenes to

areobtain ebtainedfully developed hairy roots). Then, the plant can be studied as a
composite (wild type shoot, transgenic root) or the transgenic hairy root_cloness can be
excised andte—let—them—_grown autonomously in solid Gamborg B5 medium
supplemented with 2% sucrose. Alternatively, the hairy roots can be massively
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propagated using the liquid Gamborg B5 media. The procedure presented has been
carried out with S. tuberosum spp. tuberosum (cv. Désirée).
The method to monitor the procedure and to obtain potato transgenic hairy roots has

been validated usmg—the—DsRedQ—tFansﬁeFmaHen—maerpumnq a binary vector with the
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DsRed2DsRed as a transformation marker (i-e—pKGW-RedRootor PK7GWIWG2 |1-

RedRooet from VIB-Department of Plant Systems Biology at Universiteit Gent).
Thisthat alloweds the easy_distinction -identification-of the-transgenic hairy roots from
non-these-that-are-net-transgenic by theusing red fluorescence. According to that, in
FigureFigure 3; the transformed hairy roots that-contains-the F-DNAfrom-the-binary
veetor-exhibited red fluorescence when they-were-illuminated them-with green light. A
The negative control using the untransformed AgAgrobacterium showed no red

fluorescence (FigureFigure 3C), overall indicating the suitability of the BsRed2DsRed,

transformation marker to shew-identify the transgenic hairy roots (FigureFigure 3D).
Other transformation markers such as antibiotic resistance can be used as described by
other authors?® 24 however, the antibiotics in the media can produce a growth delay in

transgenic roots contalnlng the marker. R

[Place FigureFigure 3 here]

AgrebaeteriumAgrobacterium tumefaciens-mediated potato transformation

The second protocol described in this manuscript is set up to obtain, step-by-step, a
complete potato plant transfermatien-transformed with A—tumefaciensA. tumefaciens.
FigureFigure 2 presents an overview of the procedure, which altogether takes between

155-188 weeks (from leaf infection with A—tumefaciensA. tumefaciens to obtaining fully
regenerated plants). The most time-consuming part of the procedure is the plant
regeneration by organogenesis—which-takes—areund-5-6-weeks. This particular step is
the—one—that-makes this method more laborious than that-using A—rhizegenesA.
rhizogenes. The procedure has been carried out with S. tuberosum spp. tuberosum (cv.

Désirée) and S. tuberosum ssp. andigena, the former being less dependent on short-day
conditions to induce tuberization.

In the A—tumefaciensA. tumefaciens-mediated transformation, in contrast to the A:
rhizogenesA. rhizogenes-mediated transformation, the regenerated plants are completely
transgenic organisms. However, though the transgenic plants are regenerated in a
kanamycin selective media, not all the lines efficiently express the transgene. Hence,
validation of the transgene expression is needed.

Comparison of the promoter FHT activity in roots obtained using A—tumefaciensA.
tumefaciens and A-—+hizegenesA. rhizogenes

The aforementioned procedures were applied to produce roots expressing the GUS gene
under the promoter of FHT gene. The complete transformed plants with A:
tumefaciensA. tumefaciens were previously reported®®, using the binary vector
pKGWFS7 containing the FHT promoter. | has been,

as a tool test,study
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FigureFigure e 4 shows GUS expression-staining in roots of transqenlc plants obtained by

A. tumefaciens (Figure 4A-B) and transgenic hairy roots obtained by A—tumefaciens-and
roots—oftransgenic—plants—ebtained—by—-A—rhizogenesA. rhizogenes (Figure 4C-F),
respectively. As can be seen, roots transformed with A—tumefaciensA. tumefaciens and
grown ir-vitrein vitro show blue staining in the endodermis (FigureFigure 4A), a cell
layer between the cortex and the stele. In more developed roots, the blue labelling is
patchy in the external layer corresponding to the exodermis (FigureFigure 4B).
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In transformed hairy roots grown in hydroponics, the GUS marker was
specifically located in the endodermis (FigureFigure 4C, 4E), in the emergence of
lateral roots (FigureFigure 4D, 4E), in the wounded areaswhere4he4eee

the-woune-heating- (ngre igure 4E) and in the exodermis (FigureF lgur 4F).
The roots showed no GUS stain in negative controls that were either hairy roots without

the PromFHT:GUS T-DNA cassette or wild type roots.

[Place FigureFigure 4 here]

FIGUREFIGURE AND TABLE LEGEND:

FigureFigure 1: Timeline to obtain potato transgenic hairy roots using A—rhizegenesA.
rhizogenes. Fhe-lewerpart-of-thefigure-shews-tThe cumulative weeks to reach each
stage of the preeestransformation process and the subsequent steps to grow the hairy
roots are showns—and—its—brief—deseription. Representative iFhe—upper—part—depiets
#mages of different stages_are depicted: —First—the initiation of the process using 3-
week-old #—vitrein _vitro plants (A), then infection of the plants by puneture
n|ect|ngw+th A—rhizogenesA. rhizogenes (B), the formation of the ealus-proliferative

tissue (C.£ arrows)_with emerging hairy roots (DE), and the transgenic-developed hairy
roots expressing the red fluorescent transformation marker BsRed2DsRed {B}(E).

FigureFigure 2: Timeline to obtain potato transformed plants using A—tumefaciensA.
tumefaciens.- The cumulative weeks to reach each stage of the transformation process

and the subsequent steps to drow the plants are shown Ihe—lower—part—ef—the—ﬁgere

Representatrve images of dlfferent staqes are deplcted Iheeeper—part—depmtets—rmagesef
different-stages—First—the initiation of the process using leaves from 3-week_-old in
vitrein vitro plants (A)—then—potato—leaf—eutting—patterns—to—infeet—with—A-
tumefaciens{B), -the transfer of the wounded and infected leaves to the effect-of-calus
generation—by-CIM_media (BE), the leaves when transferred to SIM media (C), the

visualization of the callus around the wounded areas after 2-3 weeks in SIM media (D),
the shoot formation after 9-11 weeks in SIM medla (E) and the shoots after bernq
transferred to MG media (F).

FigureFigure 3: Fluorescent transgenrc halry roots of potato (cv. Desrree) transformed
by A—rhizegenesA. rhizogenes. The hairy roots were obtained using a non-transformed
A—rhizegenesA. rhizogenes (strain C58C1: pRI1583) (A and C) and with A:
rhizogenesA. rhizogenes (strain C58C1:—pRI1583) transformed with the empty
binaryvector pK7GWIWG2- (I1) Red-Root carrying a BsRed2DsRed transformation
marker (B and D). FThe hairy roots are ebserved-formed undera-stereemicroscope-in
both infections (A, B) but ealy—red fluorescence is only observed in hairy roots

transformed with the A. rhizogenes containing the binary vector. The images were taken
with a stereomicroscope equrpped wrth a Iamp and a specrfrc filter to vrsualrze the red
fluorescence y

FigureFigure 4:_Histochemical observation of transqenrc ootato roots expressing the

GUS expressren—reporter gene. drlven by the promoter of FHT—m—potate —(ev—Desrree)
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d A Rhizogene herosum H berosum Dé

Fespeewely—The roots from complete transqenlc plants obtamed by A tumefamens (S
tuberosum ssp. andigena) transformation (A-B) TFhe—roots—transformed—with—A-

tumefaciens(A-and-B)-show blue staining in the endodermis (A) and exodermis (B).
The transgenic hairy roots obtained by A. rhizogenes (S. tuberosum ssp. tuberosum cv.

Désirée) transformation (C-F) Fhe-roets-transformed-with-A—rhizogenes{C-F)-display
GUS labelling-staining in the endedermal-cellsendodermis (C and E), in_the lateral root
emergence (D_and E), in the the-wound-healing zone (E) and in the exodermis (F).
Endodermis (EN); Exodermis (EX); Xylem (XL); {£R)-Primordia of a lateral root (LR).
The red arrow indicates the wounded area-zene-whie-black-arrows-indicate-onby-cels.
Table 1: Media recipes used for growing bacteria and in vitro plants.

Table —22: Half strength MNutrient—for-Selutions—in—Cemponents—for—HHoagland’s
sSquuon for qrowmq potato plants in hvdropomcseempenemsmepapatmn—speemwna
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In potato, the most common system to obtain stable complete transgenic plants uses the Formatted: Not Highlight
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transformation by AgrebacteritmAgrobacterium tumefaciens strains_that require [
organogenesis,_using exogenous phytohormones. Although the Agrobacterium_based {
protocols has the potential to integrate non-T-DNA vector sequence®, this methodology {
is still the easiest and less expensive available to transform potato plants. During last
years, the interest in A. rhizogenes-mediated transformation has got the attention of {
researchers for allowing to obtain transgenic roots in shorter periods than using A. {
tumefaciens, The A. rhizogenes still preserves the root-inducing (Ri) plasmid that carries { Formatted: Not Highlight
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a set of genes encoding enzymes for the phytohormone auxin control and cytokinin /*
biosynthesis, and encoding, for opines®. Once the Ri T-DNA is inserted into the host
genomic DNA, the new hormonal balance derequlates the infected cells inducing the -
formation of proliferating roots, called hairy roots, emerging at the points of infection?’,
When an additional binary vector is used for integrating a foreign DNA, the
preservation of the Ri plasmid confers the possibility to obtain transformed hairy roots
with no need of organogenesis using exogenously applied phytohormones?®. The hairy
roots can be maintained attached to the wild type shoot generating a composite plant or
can be self-propagated. This ability of hairy roots to self-propagate is being exploited to
produce in several plants hairy roots as a biological system for mass-producing valuable
metabolites or foreign proteins, generating interests in pharmaceutics and even
phytoremediation areas (see for review?>®). In potato (var. Kufri Bahar), transgenic -
complete plants were infected with wild type A. rhizogenes strain to produce hairy roots
expressing the Hepatitis B surface antigens (HBsAQ)?. Alternatively, a complete
transgenic plant regenerated from hairy roots can be obtained, but potato plant and
tubers showed distinct development compared to the untransformed controls. These
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differences in the phenotype are due to the original Ri T-DNA integrated within the
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2). The_fully developed transgenic hairy roots were obtained in 3-45-6 weeks, while

transgenic roots using A—tumefaciensA. tumefaciens needed 15-18 weeks due to the

', Formatted

organogenesis requirement from transformed cells, and the selection and propagation of [ Formatted

transformed plants. In our hands, the A—tumefaciensA. tumefaciens transformation //
procedure works efficiently in S. tuberosum ssp. andigena and ssp. tuberosum (cv. /
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Désirée), with a reported transformation efficiency around 35 %2 and 48 %' | Formatted

respectively. The described A—rhizegenesA. rhizogenes transformation procedure is

based on that reported by Horn’, which showed a high (80-100 %) transformation " Formatted

efficiency in cv. Deésirée and other three potato cultivars (Albatros, Deésirée, Sabina

and Saturna).
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To present A. rhizogenes as an alternative transformation system for potato functional | Formatted

studies and to indicate whether the initial presence of Ri T-DNA was matter of concern,  Formatted
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This agrees with the
promoter activity reported by other genes involved in the transport of suberin monomers

such as ABCG11/ WBC1133 38 or the regulator StNAC10319 Jh&ee-eeeu#eneeoﬁthe

jon- The potato

transformatlon by A—rM%egenesA rhlzogene s to study a suberln gene— has already been
yet-reported in-the-pastrecently®” and also in that case hairy roots have allowed to show

the promoter actlvatlon of CYP86A3 a fatty acid ww- hydroxylase However Patoe

e*p#essrenstammq in roots was bulk quantlfled usmq a fluorometrlc assay, hence the
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specific expression in suberized tissues was only presumed.
Altogether these results demenstrated—evidence that A—rhizegenesA. rhizogenes

transformation is a faster alternative tool to a-suitable-and-faster method-to-studyexplore

the cell type-specific promoter activation of —suberinsuberin-related genes in roots, -
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related-prometers-anwhich may be extended tod- studies based on other processes that W\

occur in roots. In agreement, some other functional genetic studies have been successful

using A. rhizogenes in potato, tomato and eucalyptus to demonstrate the gene function®

38,39

° to study the hormonal response or_the promoter activity*®**. However, this

strateqy still may present limitations, especially when studying tightly-controlled '
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developmental processes that may be deregulated by the Ri T-DNA or when the whole
plant or the tubers or other organs different from roots want to be studied. In these
situations, the A. tumefaciens transformation system is still preferred.
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Editorial comments:

Changes to be made by the author(s) regarding the manuscript:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues.

We have revised it.

2. Title: Please revise the title to avoid punctuation.



The new title: “Agrobacterium tumefaciens and Agrobacterium rhizogenes-mediated
transformation of potato and the promoter activity of a suberin gene by GUS staining”.

3. Please provide an email address for each author.
We have added it.

4. Please rephrase the Short Abstract to clearly describe the protocol and its
applications in complete sentences between 10-50 words: “Here, we present a
protocol to ...” We have modified the abstract according to JoVE Instructions for
Authors.

5. JoVE cannot publish manuscripts containing commercial language. This includes
trademark symbols (™), registered symbols (®), and company names before an
instrument or reagent. Please remove all commercial language from your manuscript
and use generic terms instead. All commercial products should be sufficiently
referenced in the Table of Materials and Reagents. You may use the generic term
followed by “(see table of materials)” to draw the readers’ attention to specific
commercial names. Examples of commercial sounding language in your manuscript
are: Gelrite, Duchefa, Falcon, Leukopor, etc.

We have modified it according to JOVE Instructions for Authors.

6. Please adjust the numbering of the Protocol to follow the JoVE Instructions for
Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if
necessary. Please refrain from using bullets, dashes, or indentations.

We have modified it accordingly.

7. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we",

"you", "our" etc.).
We have modified it according to JOVE Instructions for Authors.

8. Please revise the protocol to contain only action items that direct the reader to do
something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the
imperative tense in complete sentences wherever possible. Avoid usage of phrases
such as “could be,” “should be,” and “would be” throughout the Protocol. Any text
that cannot be written in the imperative tense may be added as a “Note.” Please
include all safety procedures and use of hoods, etc. However, notes should be used
sparingly and actions should be described in the imperative tense wherever possible.
We have modified it accordingly.

9. In the JoVE Protocol format, “Notes” should be concise and used sparingly. They
should only be used to provide extraneous details, optional steps, or
recommendations that are not critical to a step. Any text that provides details about
how to perform a particular step should either be included in the step itself or added
as a sub-step. Please consider moving some of the notes about the protocol to the
discussion section.

We have modified it accordingly.



10. Line 126: What volume of fresh YEB medium is used to resuspend cells? We have
specified the volume as 1 mL of fresh YEB.

11. Line 183: Please specify at what wavelength the optical density is measured. We
have specified it.

12. Line 247: What components? We referred to the Hoagland’s media nutrient
components. We have rephrased it.

13. Please include single-line spaces between all paragraphs, headings, steps, etc.
We have included it.

14. After you have made all the recommended changes to your protocol (listed above),
please highlight 2.75 pages or less of the Protocol (including headings and spacing) that
identifies the essential steps of the protocol for the video, i.e., the steps that should be
visualized to tell the most cohesive story of the Protocol.

We have modified it accordingly.

15. Please highlight complete sentences (not parts of sentences). Please ensure that
the highlighted part of the step includes at least one action that is written in
imperative tense.

We have modified it accordingly.

16. Please include all relevant details that are required to perform the step in the
highlighting. For example: If step 2.5 is highlighted for filming and the details of how to
perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the
details are provided must be highlighted.

We have modified it accordingly.

17. Figure 3: Please include a scale bar to provide context to the magnification used.
Define the scale in the appropriate figure Legend.
We have modified it accordingly.

18. Table 1: Please include a space between all numbers and their corresponding units
(i.e., 2 M, 1 M, etc.). Please change “ml” to “mL”. Please make the number 2 in H20 a
subscript.

We have modified it accordingly.

19. Table of Equipment and Materials: Please sort the items in alphabetical order
according to the Name of Material/ Equipment.



We have modified it accordingly.

Reviewer #1:

Dear Authors,

| have reviewed the manuscript entitled, "Agrobacterium tumefaciens and A.
rhizogenes-mediated transformation of potato: the promoter activity of a suberin gene
as a proof of concept." Although the manuscript provides detailed methods for potato
transformation, many of the main elements required by the journal are not met and |
therefore am not recommending this manuscript for publication. The following are the
questions | considered when making this decision and my responses to them:

*Are the title and abstract appropriate for this methods article?

The title seems appropriate but the abstract lends little information towards what is
actually provided in the methods and is more of a general overview of the advantages
of either transformation system (i.e. A. tumefaciens vs A. rhizogenes).

The long abstract was modified according the suggestions of the reviewer focusing
more on the methods, their purpose and a brief summary of the advantages.

*Are there any other potential applications for the method/protocol the authors could
discuss?

One application is discussed where A. rhizogenes transformation can be used to study
root phenotypes and materials generated in less time than using A. tumefaciens
transformation. However, this potential application is limited and other applications,
such as ones related to propagation of transgenic hairy root clones using the
propagation system included are not discussed.

We have included the potential of hairy roots to act as a biological system for mass-
producing valuable metabolites or foreign proteins, generating interests in
pharmaceutics and even phytoremediation areas. We also have provided a potato
example in which hairy roots were used to produce the Hepatitis B surface antigens
(HBsAg).

*Are all the materials and equipment needed listed in the table? (Please note that any
basic lab materials or equipment do not need to be listed, e.g. pipettes.)
Yes, these seem to be in order.

*Do you think the steps listed in the procedure would lead to the described outcome?
Yes, possibly. Depending on the potato genotype used which is not mentioned or
discussed.

The genotypes tested with these protocols were already mentioned in the plant
material and the results sections.

*Are the steps listed in the procedure clearly explained?

No. The methods are overly complicated where they could be simplified to ease
application to other labs (e.g. "Plant transformation using A. rhizogenes" could be
accomplished using methods similar to A. tumefaciens). Furthermore, steps critical to
the success of the protocol are not detailed enough (e.g. step 4 of "Plant



transformation using A. tumefaciens") and figures do not aid in understanding or
carrying out critical steps.

We have changed the protocol steps with the aim to make it clearer using shorter
sentences and including Tables for the recipes that makes the reading less distorting.
We have also grouped some overlaying parts of the procedures in Agrobacterium
cultures used for transformation and Plant material for transformation. We have made
an accurate review to highlight the critical steps, which will be included in the video
format. We have modified the figures to better represent the steps that are more
relevant for the whole procedure.

*Are any important steps missing from the procedure?

Yes, the way in which the plant materials are grown that are used for transformation is
not described.

The plant material used for transformation was already described in the first version of
the manuscript, however, to make it clearer to the reader, we added a section entitled
“Plant material for transformation”.

*Are appropriate controls suggested?

No, no controls are suggested.

In each transformation procedure we specified that negative controls are needed.
Regarding the protocol of A. rhizogenes we proposed to use the A. rhizogenes strain
untransformed or transformed with the empty vector that includes the transformation
marker. In the A.tumefaciens transformation we proposed to use the wild type or
plants transformed with the empty vector.

*Are all the critical steps highlighted?

No, no critical steps are highlighted.

There are some critical steps that were warning by word “Caution” in the previous
manuscript version. Now in the present manuscript, these steps have been highlighted
as Critical steps. The word “Caution” is only used when special measures must be
taken with the chemicals or with wasted plant material. We have highlighted all the
critical steps for the video production.

*|s there any additional information that would be useful to include?
Yes, please see previous comments.
We already amended previous comments.

*Are the anticipated results reasonable, and if so, are they useful to readers?

No quantifiable results are provided towards efficiency of the methods and the visual
data comparing the two methods (i.e. GUS staining) is inconclusive.

The goal of this manuscript is to compare the localization of promoter activity using
both transformation systems. To get this aim we used a chromogenic substrate to
perform a histochemical analysis, but it is not appropriated for quantification. In the
discussion section now we are providing information about the efficiency of both
methodologies.



*Are any important references missing and are the included references useful?
These seem to be in order.

Sincerely,

Reviewer

We thank to the Reviewer her/his comments that help to improve the new version of
the manuscript. We hope that this revised version fulfils the expectations of the
Reviewer.

Reviewer #2:

Manuscript Summary:

The manuscript "Agrobacterium tumefaciens and A. rhizogenes-mediated
transformation of potato: the promoter activity of a suberin gene as a proof of
concept" (JoOVE59119) submitted by Fernandez-Pifian et al, describes the
Agrobacterium-mediated transformation of potato, using both A. tumefaciens and A.
rhizogenes. As proof of concept, the authors demonstrate the promoter-driven
expression of GUS in root tissue, based on a suberin-associated gene, FHT.

Major Concerns:

None; this MS is timely, as potato transformation is becoming more important in the
analysis of potato genes. With the potato genome sequence being published ~8 years
ago, there has been a much greater interest in this plant species as an experimental
model (primarily because of its importance as a food crop). Having a routine and
robust transformation protocol for potato is important for advancing studies on the
crop and for implementing biotechnological solutions to its production and storage.
There have been other protocols for potato transformation published (indeed the
author's protocols are based on previously published protocols), but the JoVE
environment allows for a more detailed description of the procedure.

We thank the Reviewer for her/his positive comments and also for all the suggestions
raised below. We think that her/his help has contributed to improve the revised
manuscript.

Minor Concerns:
There are a few minor typos (In 62, roo.ts; In 72, "works" should be "studies" and In
268, "Mm should be "mM").

These mistakes have been amended.

Also, it would be good if the authors provided some discussion about cultivar choice.
Are all potato cultivars amenable to this protocol? There are older references that
compare cultivars and show differences. The utility of the protocol would be greatly
enhanced if it were universally applicable to any potato cultivar.

In our laboratory we are working with S. tuberosum ssp. tuberosum cv. Désirée
because it is the model of choice of many laboratories working on plant molecular
genetics. We also are working with ssp. andigena because its tuberization is



photoperiod-sensitive, a feature that is very valuable in some physiological studies.
However different potato cultivars were successfully transformed by A. tumefaciens in
the past (Block 1988) including economically important potato cultivars (Beaujean et
al., 1998). Regarding A. rhizogenes, when setting up the procedure in our laboratory,
we tested different Agrobacterium strains and explants, and very clearly the procedure
described by Horn et al., 2014 was the most robust and successful. These authors also
reported the efficient transformation by A. rhizogenes of four different cultivars.
Hence both systems of transformation are efficient for different potato cultivars and
probably can be applicable to any potato cultivar.

We added in the discussion the information about the transformation efficiencies of
both procedures to highlight that they are acceptable (35-48 %) using A. tumefaciens,
and superior (80-100%) using A. rhizogenes, thus encouraging the scientists to apply
the procedures to their working potato cultivars.

This issue should at least be addressed. Also, a recent paper by Bjelica et al (2016)
Plant Cell Reports 35, 2435-2448 described hairy root transformation as a methods to
study root-specific processes, and used promoter:GUS construct based on a suberin
associated gene (CYP86A33); this should be acknowledged since the gist of the JoVE
article is that A. rhizogenes is a viable, cheaper and faster alternative to A.
tumefaciens, but this is not novel.

We acknowledge the Reviewer to make us notice that the Bjelica et al (2016) work was
by mistake not included in the manuscript. In their work, they used a promoter:GUS
construct of a CYP86A33 gene and in our case we used the promoter of FHT gene, both
suberin biosynthetic genes. The main difference relies in that they quantified the GUS
using a fluorometric assay from bulk root material and we used a histological GUS
staining to localize in which tissue the suberization occurs. This allowed us to compare
the tissues where the promoter was active in both the transformed hairy roots
generated with A. rhizogenes and the complete transformed plants generated with A.
tumefaciens. The similar localizations demonstrated that the hairy root transformation
system is at least as good as the A. tumefaciens to study the suberization process and
maybe other processes occurring in roots.

We have added the Bjelica et al. work and discussed it accordingly.

Reviewer #3:

Manuscript Summary:

The manuscript describes the method to transform potato cultivar Desiree and
Andigena potato using Agrobacterium tumefaciens with helper Ti or A. rhizogenes with
Ri plasmid. Binary vector PromFHT::Gus was used to compare the plant transformation
systems. Authors state that Agrobacterium spp. are cost effective and less time
consuming to generate hairy root phenotype or novel transgenic lines of potato. Gus
activity in lateral roots has been demonstrated using A. rhizoegens. Additionally, the
application of A rhizogenes to study the activation of promoters of suberin related
genes in root tissue has been reported.



Major Concerns:
Line 54: Change DNA to T-DNA transfer and insertion mechanisms....
We have changed it.

Line 55: remove and between biotechnology research.
We have changed it.

Line 57 58: requires a reference to support the statement that MAT gives high
transformation.
We have added the reference at the end of the sentence.

Line 64: change Agrobacterium to A. rhizogenes.
We have changed it.

Lines 71-72: Change many works to Previous studies...
We have changed it.

Line 74: remove plant.
We have removed it.

Line 76: add for human consumption between relevance and because.
We have added it.

Line 84: Italicize Arabidopsis.
We have maintained the upright format because in this case Arabidopsis corresponds
to the common name, no the scientific name.

Lines 100-104: Media recipes in a tabular form would be much useful to replicate the
media preparation in an easier way.
We provide the recipes in a new table (Table 1).

Line 105: change 3-to-4-week to 3 to 4 weeks old sterile potato plants.
We have changed it.

Line 106: stem cuttings does not clearly indicate what authors mean. Please provide an
image and specify the stem with apical buds or auxiliary buds were used to generate
these plants as donor plants.

We have included the information suggested by the reviewer to clarify the sentence.

Line 107: It is not clear why authors used 12/12 photo period and why there is 24/20
deg Celsius variation.

Our intention was to provide the conditions of our growing chamber that allows a
successful transformation.

Lines 109-110: Please specify where this has direct relevance in the protocol.



This is a general good practice when working with in vitro plant material, to avoid
dehydration and contamination. We have rephrased it and indicated that it is a general
recommendation.

Line 113: please remove try to instead recommend using fresh media plates
We have rephrased it.

Line 122: A schematic representation of binary vector to illustrate the T-DNA would be
beneficial.

We have described a more general procedure in which we are not mentioning any
specific binary vector. To better understand the representative results, in the Results
section we have indicated the sources of the binary vectors used.

Lines 124-127: Why there is no optical density measurements taken for A. rhizogenes
overnight cultures before transformation?

We always have proceeded with no optical measurements, then we did not indicate
any density because we think it is not relevant.

Line 128: rephrase
We have rephrased it to make it clearer.

Lines 133-135: Time??For how long?
We have specified it.

Line 139: Why the incubation temperature changed to 22/20 Deg C?
We acknowledge the reviewer to detect this mistake.

Line 148: MS medium containing any antibiotics or hormones?
MS medium does not contain neither antibiotics nor hormones. We have attached a
table with the media recipes for clarification.

Lines 162: If careful aseptic conditions are not maintained, any sucrose or sugar based
medium will get contaminated. How authors can prove that Gamborg B5 media is
prone to contamination than other media reported in this protocol? Has this been
tested during the protocol development. Also, there is no recipe for Gamborg B5
medium is provided.

We specifically indicated this caution for the Gamborg B5 medium because it is for
growing roots and when they are contaminated it is not possible to disinfect the
material using bleach based methods. But, we agree with the reviewer that all the high
sugar containing media are prone to contamination. For this reason, we deleted it.

Line 178: Why A. tumefaciens is grown in 10 ml YEB and A. rhizogenes in 5 m| YEB?
Also, the starter cultures are not specified, whether it was a single colony or a -80 deg
C glycerol stock???

For A. tumefaciens, we have used different volumes of YEB, and depending on the
colony biomass we inoculate that culture the day after if it is at the optimal ODg=0.6-
1. Since we consider that the starting volume is not critical for the protocol, we



homogenized both procedures to 5 mL as the reviewer suggested. We have also
specified that the cultures were inoculated with a colony.

Line 183: OD was measured at what wavelength? Elaborate UA at least once.
UA should not be used. We have specified the wavelengths.

Line 184: change 'new' to fresh.
We have changed it.

Line 196 & 235, 238: remove space between 2MS
We have removed it.

Lines 198-200: Please provide a specific number of leaves that will fit in a specific sized
petridish. Overcrowding may result poor transfection.
We have specified it based on the cultivar.

Line 204: IS 24 deg C optimum for transfection?
These are the conditions we use.

Lines 204-206: Please rephrase and also justify why authors think that leaving
wounded leaves for long (how long?) can result in no transformation. Was this studied
during the protocol development. If so, please provide this data to help readers in
replicating this protocol in their laboratory. It will be much appreciated to warn
readers with significant figures and data.

A. tumefaciens enters inside the leaf by the wounded areas and is in these areas
around the wounds where the cells get transformed (under selective marker pressure
the callus are generated). Therefore, we surmise that a longer delay in adding the
bacteria after wounding allows higher wound healing and as a consequence less
Agrobacteria can enter and poorer transformation efficiency is achieved. However, we
agree with the reviewer that we do not have scientific evidence on that and therefore
we have deleted the sentence to be more rigorous.

Line 210 & 218: 'the corresponding binary vector selective marker' is this indicating the
T-DNA on binary vector? If so, why this was not introduced int he section where
authors provide GUS gene and promoter information. This is why a schematic
representation of binary vector is essential.

We were referring to the T-DNA selective marker. We rephrased the sentence to avoid
misinterpretation. In the results section, we provide more information and references
about the binary vectors used together with the representative results obtained for
each of them. Also, the selective markers are provided in Table 1.

215: Provide medium SIM recipe in a table of media used in this protocol.
We have provided it in Table 1.

Line 219: Leaves by now would have some calli formed?
Not yet, the callus will be formed after 2-3 weeks in SIM media. Now we have specified
it.



Line 222: Provide pictorial evidence for these steps to ease replication of protocol.
We agree with the reviewer that the images always help to replicate the procedure,
for this reason we modified the Figure accordingly.

Line 225: What is MG medium?
It is now specified in the Table 1.

Line 228: What kind of culture flask?

In the figure 1A, you can see the type of culture flask, it is a flask used for apiculture
(honey). It was obtained from a local provider. We specified the features and the
distributor in the Materials table.

Line 244: Figure 2 should include images for 12 and 15 weeks. Also, donor plants (fig
2A) and transgenic plants obtained (fig 2E) are same.

At the end of the procedure the transgenic plants are grown in the same kind of flask
as the donor plants. To show it to the reader, we used the same image. However to
avoid misunderstanding, we changed the images of figure 2.

Line 261: This table need some amendments such as Components, stock
concentration, stock preparation, and Hoagland's solution preparation (10 L). Make
four columns.

We have changed the table to make it clearer following some of the recommendations
of the reviewer.

Line 264: replace in with on.
We have replaced it.

Line 271: incubation media change to GUS solution.
We have replaced it.

Line 278: of is off. What is temporary container? Instead state: the GUS substrate
should be disposed safely.
We have changed it.

Line 281: Why storage at 4 deg C is required?

We usually store the GUS stained tissues at 4 2C to avoid ethanol evaporation but it
could also be stored at room temperature. We have rephrased it including that the
tube needs to be sealed.

Lines 288 to 322: There is no mention of transformation frequency which authors have
achieved while developing these protocols. Providing such figures will allow a
comparative replication of procedures in reader's own laboratory.

In the revised version of the manuscript we provide the transformation efficiencies in
the discussion section based on our and other works.



Lines 310-311: Pleas rephrase to read well.
We have rephrased this sentence and also the corresponding for A. rhizogenes, which
was also not properly builded.

Line 341: Pleas provide a control root image to compare the GUS expression in
transgenic roots.

When there is no transgene, the root appeared with no GUS signal. To make it clear,
we are stating it specifically in the results section.

Line 350: Figure needs more images and change the 2E.

We do not agree with the Reviewer that this Figure would need more images, since the
reported images are those representatives of the different tissues where the GUS stain
was positive. In our opinion, the addition of more images introduce redundancy, which
we would like to avoid. To us, Figure 2E is relevant since it shows the FHT promoter
activity in the wounded areas. We have resized the red triangle that indicates this area
to be clearer.

Line 372: Rephrase the table legend.
We have rephrased it

Lines 376-378: AMT technology is much cheaper than any other non-Agrobacterium
based techniques. How authors are making claim that AMT is time consuming and
expensive. Please provide strong citation for such statements.

We wanted to indicate that A. tumefaciens is more time-consuming and is expensive
compared to A. rhizogenes, but we agree with the Reviewer that the message could
lead to her/his interpretation. We rephrased it.

Lines 402- 415: There is not specific structure in this part. There is a lot of jumping
from A. rhizogenes to A. tumefaciens and back to A. rhizogenes. Moreover, this section
does not highlight the used of A. tumefaciens and the benefits of generating stable
transformants. Why would someone follow a protocol to generate transgenic roots or
full transformed plants? Also, conclusive statements are missing in this section and
thus the section ends with no conclusion. Authors should also consider the genotype
dependency as major limitation of Agrobacterium based protocols widely reported for
potato transformation (Petti et la 2009).

We agree that the structure of the discussion was somewhat confusing and the main
conclusions were not visible. We have rewritten the discussion following the
recommendations of the Reviewer.

The manuscript is hard to follow to perform a transformation experiments. The
language is unclear and confusing at times. Authors have used the same image in
Figure 1A and 2A, which still can be accepted, but image in Fig 2E transformed plant is
also same as non-transformed plants (Fig 1A & 2A) in food jar. Moreover, a table of
media recipe with clear concentrations and addition of stocks before autoclaving and
post-sterilization would be very helpful to replicate the experiments. | am afraid that it
is hard to follow this protocol, however it is interesting work.



All these points raised by the Reviewer have been used to improve the manuscript, to
make it clearer and well-organized. We sincerely acknowledge to the reviewer for
her/his exhaustive review of the manuscript, for her/his valuable comments and for
the dedicated time to make this manuscript more readable and understandable. We
hope that this new version fulfills the Reviewer expectations.

Minor Concerns:
There are some language issues that can be resolved.
We have revised the whole manuscript to solve the language problems.

Reviewer #4:

Manuscript Summary:

The manuscript is appropriate and well written for Jove journal. The information is
very detailed, accurate and extensive.

Minor Concerns: The format of the manuscript is not consistent. The authors will have
to do major corrections on this issue. Please, avoid using UA for absorbance, since
absorbance doesn't have units. The authors should report the wavelength they
measured their O.D., i.e., Abs600=0.8. After writing the full names of common
acronyms (e.g., room temperature, RT, and overnight, O/N), the authors should use
them consistently. It makes it easier to read the protocols. Please, review the English in
the tables. There are some Spanish words there.

We thank the Reviewer for her/his comments. The new version of the manuscript is
fully revised, including the suggestions raised by this Reviewer.



