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Abstract StMYBA1 from potato tuber was transformed into

tobacco (Nicotiana tabacum) with the CaMV 35S promoter

to investigate whether it can regulate anthocyanin biosynthesis

in tobacco plants. As a result, anthocyanin accumulation was

induced by overexpressing StMYBA1 in all tissues of

transgenic tobacco lines. Several anthocyanin biosynthetic

genes were highly expressed in leaves and roots of transgenic

lines. In particular, the bHLH transcriptional partners NtAN1a

and NtAN1b, especially NtAN1b, were up-regulated significantly

in leaves and roots of StMYBA1-overexpressing tobacco.

These results demonstrate that endogenous bHLH partners

can be stimulated by overexpressing exogenous gene StMYBA1

in tobacco, and the elevated expression levels of bHLH

partners are essential for anthocyanin production in plant

tissues. Applying the dark conditions to the tobacco plants

overexpressing StMYBA1 transiently, can down-regulate the

expression levels of biosynthetic pathway genes and bHLH

TFs, and subsequently reduce anthocyanin accumulation. We

suggest that StMYBA1 can positively regulate anthocyanin

biosynthesis in tobacco, and light is required for its function

on anthocyanin accumulation.

Keywords: Anthocyanin accumulation, Light, Potato,

StMYBA1, Tobacco

Introduction

A variety of secondary plant polyphenolic metabolites, such

as flavones, flavonols, anthocyanins and proanthocyanidins

is uniquely found in plants that known collectively as

flavonoids. Flavonoids exert distinct effects on a variety of

essential biological processes in plants, as well as in animals

as they consuming flavonoids in their diet (Dubos et al.

2008). Nowadays, interest in these secondary metabolites

has been grown rapidly due to their potential benefits for

human health (Bazzano et al. 2003; Wang et al. 2009). 

Anthocyanins, derived from the anthocyanin biosynthesis

pathway, are the largest group of water-soluble plant flavonoids

found in organs of plants and crops (Holton and Cornish

1995; Kim et al. 2003; Martens et al. 2010).

Anthocyanin biosynthesis and its regulation have been

well studied. The anthocyanin biosynthetic genes are regulated

transcriptionally by transcription factors (TFs) consisting of

the MYB (mostly R2R3 MYB), bHLH and WD40 classes

(Grotewold 2006; Allan et al. 2008). These TFs can form a

ternary MYB-bHLH-WD40 (MBW) complex to regulate

anthocyanin biosynthetic genes. In Arabidopsis, anthocyanin

accumulation is transcriptionally controlled by the MBW

complex consisting of one R2R3-MYB protein from PAP1

(AtMYB75), PAP2 (AtMYB90), MYB113, or MYB114,

one bHLH protein from TRANSPARENT TESTA 8 (TT8),

GLABROUS3 (GL3), or ENHANCER OF GLABRA3 (EGL3)

and one WD40-repeat protein from transparent testa glabra1

(TTG1) (Gonzalez et al. 2008). Among these regulatory

proteins, the MYB family contributes to the largest class of

TFs, which can be categorized into four subfamilies - MYB1R,

R2R3MYB, MYB3R, and MYB4R proteins according to one

or more imperfect repeats which are highly conserved in the

DNA-binding motif (Rosinski and Atchley 1998; Dubos et al.

2010).

The MYB subfamilies with two repeats - R2R3 MYB are
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the most common ones in plants, with 137 members of the

R2R3 MYB have been identified, of which 13 members are

considered to be associated with flavonoid metabolism

(Dubos et al. 2010; Feller et al. 2011). The R2R3 MYB

subfamilies play an important role in regulating the anthocyanin

biosynthesis (Allan et al. 2008). The MYB C1 of Zea mays

has been identified as the first R2R3 MYB to control

pigmentation (Paz-Ares et al. 1987), subsequently, the other

MYB TFs modulating anthocyanin biosynthesis in other

species such as Arabidopsis (Borevitz et al. 2000; Gonzalez

et al. 2008), grape (Kobayashi et al. 2004), apple (Espley et

al. 2007; Chagné et al. 2013), pepper (Borovsky et al. 2004),

tomato (Mathews et al. 2003) and potato (Jung et al. 2009;

Zhang et al. 2009) were identified.

Anthocyanin accumulation in various plant species is

affected by a variety of environmental factors, such as light,

nutrition, drought and temperature (Allan et al. 2008). Many

studies have demonstrated that light has a decisive effect on

pigment production in plants, resulting in the anthocyanin

accumulation. On the contrary, the expressions of anthocyanin

pathway genes were significantly down-regulated or repressed

under weak light or dark conditions, resulting in decreased or

no accumulation of anthocyanin in plants and crops (Islam et

al. 2005; Rowan et al. 2009; Maier and Hoecker 2015).

Many studies have been performed in potato to explore

regulatory mechanism of anthocyanin biosynthesis in tuber

periderm (Jung et al. 2009; Payyavula et al. 2013), tuber

flesh (Zhang et al. 2009) and leaves (D'Amelia et al. 2014).

Jung et al. (2009) reported that an additional MYB with high

homology to StAN1 protein, StMYBA1, is a possible StAN1

pseudogene corresponding to the published StAN3 sequence.

but the function of StMYBA1 is not well studied. In the

present study, regulation mechanism of anthocyanin biosynthesis

in transgenic tobacco overexpressing potato MYB TF

StMYBA1 has been further investigated based on the

previous transient assay result (Liu et al. 2016). The result

showed that anthocyanin synthesized by overexpressing

StMYBA1 in tobacco plants via regulating expression of the

anthocyanin structural genes as well as endogenous bHLH

TFs, which suggest that the elevated expression levels of

bHLH partners are essential for anthocyanin production in

plant tissues. Our results also showed that the light plays an

essential role in regulating anthocyanin pathway genes and

bHLH TFs as well as the anthocyanin accumulation,

suggesting the other light-regulated factors may be involved.

Results

Phenotype of Transgenic Plants

Kan-resistant shoots were regenerated from the cut surface

of inoculated leaf explants on MS medium with kanamycin

and Timentin after six or eight weeks. Roots were then

induced from these shoots after 1 month of culture. Three

individual transgenic tobacco lines were confirmed by real-

Fig. 1. Phenotype characteristics of transgenic tobacco plants overexpressing StMYBA1 (on the right) and empty vector as control (on the
left). (A) Whole plant, (B) Leaf, (C) Flower, (D) Sepal, (E) Anther and Ovary, (F) Root
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time qPCR analysis. Compared to the control plants

transformed with empty vector, enhanced red pigment was

accumulated in leaves, flowers, ovaries and roots of the

StMYBA1-overexpressing transgenic tobacco lines (Fig. 1).

StMYBA1 Activates Most of the Anthocyanin Pathway

Genes in Leaves and Roots of Transformed Tobacco Lines

The expression levels of anthocyanin pathway genes in

leaves and roots of transgenic tobaccos were examined to

further investigate the efficiencies of StMYBA1 in inducing

anthocyanin biosynthesis.

StMYBA1 was overexpressed and anthocyanin was induced

in all leaves and roots of three transgenic tobacco lines (Fig.

2A, B), of which, the highest anthocyanin was accumulated in

transgenic line 2, which induced 126.02±10.71 mg 100 g−1 FW

and 46.02±8.24 mg 100 g−1 FW of anthocyanin in leaves and

roots, respectively (Fig. 2B), while no anthocyanin was

detected in control tobacco plants carrying empty vector.

Compared to the control tobacco plants, the expression

levels of several anthocyanin biosynthetic genes such as

NtCHI, NtCHS, NtF3H, NtF3’H, NtDFR, NtANS and NtUFGT,

were up-regulated in leaves and roots of the three transgenic

tobacco lines (Fig. 3). NtANS was highly up-regulated in

leaves and NtDFR was most strongly up-regulated in roots of

transgenic plants. These results indicated that StMYBA1

transformation enhanced anthocyanin accumulation significantly

in transgenic tobacco.

Over-expression of StMYBA1 Activates the Expression of

Endogenous bHLHs in Transgenic Tobacco

The expression of NtAN1a and NtAN1b was also analysed in

leaves and roots of transgenic lines. Results showed that

StMYBA1 over-expression resulted in an induction of the

endogenous bHLH TFs NtAN1a and NtAN1b and the

expression of NtAN1b was higher than NtAN1a in both

leaves and roots of all transgenic lines (Fig. 4).The

expression profiles of the anthocyanin biosynthetic genes

and bHLH genes are largely overlapping, suggesting that

the expression of NtAN1a and NtAN1b, especially

NtANb1, seems to be essential for anthocyanin production

in transgenic tobacco leaves and roots. The tobacco MYB

NtAN2, which is regulating anthocyanin production in

tobacco (Pattanaik et al. 2010), was not induced by over-

expression of StMYBA1 (not detectable by qPCR; not

shown). 

Fig. 2. Real-time qPCR analysis of expression levels of StMYBA1

and total anthocyanin content in leaves and roots of transgenic
tobacco plants overexpressing StMYBA1. (A) StMYBA1 expression
in leaf and root, (B) total anthocyanin content in leaves and roots.
The data represent the means ± SE of four technical replicates.
Genotypes denoted by *showed that no anthocyanin and expression
were detected in this study

Fig. 3. Real-time qPCR analysis of expression levels of anthocyanin
biosynthetic genes in leaves (A) and roots (B) of transgenic tobacco
plants overexpressing StMYBA1. The data represent the means ±
SE of four technical replicates



96 J. Plant Biol. (2017) 60:93-101

Anthocyanin Biosynthesis in Tobacco Regulated by StMYBA1

was Affected by Light

Environmental factors such as light, drought and temperature

can strongly affect anthocyanin biosynthesis (Cominelli et al.

2008; Albert et al. 2009). Therefore, in this work, whether

the anthocyanin biosynthesis of transgenic tobacco plants

regulated by StMYBA1 can be affected by light was further

investigated. The phenotype and expression levels of several

anthocyanin-related genes in tobacco leaves infiltrated with

StMYBA1 were evaluated after 3d-incubation in darkness. The

result showed that tobacco leaves infiltrated with StMYBA1

grown under natural light conditions accumulated intense red

pigment, while tobacco plants grown in darkness conditions

remained green foliage after three days (Fig. 5), suggesting

that light is involved in the modulation of StMYBA1 activity

in tobacco leaves. The real-time qPCR analysis showed that

the anthocyanin biosynthetic genes including NtCHS,

NtCHI, NtF3’H, NtF3H, NtANS, NtDFR and NtUFGT were

down-regulated under dark incubation, in particular, the

expression levels of two anthocyanin pathway genes –

NtDFR and NtANS were reduced significantly in darkness

(Fig. 6A).

As expected, expression of StMYBA1 in 35S: StMYBA1

leaves was up-regulated in comparison with 35S: GUS

control plants, and there is no expression difference of

StMYBA1 between leaves grown under natural light and dark

conditions (Fig. 6A).

Another crucial TF involved in anthocyanin biosynthesis

is the bHLH protein. The expression of bHLH was also

examined with qPCR (Fig. 6B). The expression of bHLH

transcription factors NtAN1a and NtAN1b was significantly

reduced in darkness compared with that under natural light

(Fig. 6B), and expression profiles of the NtAN1a and

NtAN1b genes and the two biosynthetic genes - NtDFR and

NtANS are largely overlapping, suggesting that bHLHs are

essential in regulating anthocyanin biosynthesis. 

These results showed that light positively affected the

anthocyanin biosynthesis and clearly suggested that there

are other light-regulated factors involved in the regulation

of anthocyanin biosynthesis, and is worthy of further

investigation.

Fig. 4. Real-time qPCR analysis of expression levels of NtAN1a and NtAN1b in leaves (A) and roots (B) of transgenic tobacco plants
overexpressing StMYBA1. The data represent the means ± SE of four technical replicates

Fig. 5. Transient activation of anthocyanin biosynthesis regulated by StMYBA1 under natural light (A) and dark incubation (B). (A) Red
coloration in tobacco leaves induced by the infiltration of tobacco leaves with StMYBA1 and GUS (as a control) under natural light; (B)
in darkness
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StMYBA1 Upstream Promoter Region Sequence Analysis

To investigate the cis-elements of StMYBA1 promoter that

could be related to light and other factors such as temperature

and hormones, the 1.998-kb upstream promoter region from

the start codon of StMYBA1 was isolated and predicted in

PLACE online database (Genbank accession No. KU991152).

The putative cis-regulatory elements involved in light

responsiveness and other environmental factors were

identified in the StMYBA1 promoter as shown in Table 1.

Fig. 6. Expression analysis of anthocyanin biosynthetic genes and transcription factors in leaves of tobacco plants infiltrated with GUS
(control) and StMYBA1 under natural light and in darkness. (A) expression of StMYBA1 and anthocyanin pathway genes, (B) bHLH TFs
– AN1a and AN1b involved in anthocyanin biosynthesis. Error bars are the SE of three biological replicates. One-way analysis of variance
(ANOVA) was used to evaluate the statistical significance; bars with different letters (a, b, c, etc) indicate significant differences between
means (least significant differences-LSD, P < 0.05). Genotypes denoted by *showed that no expression was detected. C represents control
tobacco plants infiltrated with GUS. M1 to M3 and M1-D to M3-D represent tobacco plants, infiltrated with StMYBA1, were grown
under natural light and in darkness, respectively
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The result showed that numerous cis-regulatory elements

were identified, in which the light-responsive elements

(LRE) such as Box I, G-Box, ACE, Box 4 and G-Box were

the most abundant motifs. Three TC-repeats are defense and

stress responsive. One ABRE motif (TACGTG) is abscisic

acid (ABA)-responsive element. The other cis-regulatory

elements including one ERE (ATTTCAAA) element involved

in the ethylene response, one HSE (AAAAAATTTC) motif

involved in the heat stress response, two MeJA-responsive

cis-elements - CGTCA and TGACG and six circadian

elements involved in circadian control.

Discussion

StAN1, coding for a R2R3 MYB, was shown to control

potato skin colour and StMYBA1 was suggested as a likely

pseudogene of StAN1 (Jung et al. 2009). Here, we further

investigated the regulation mechanism of anthocyanin

biosynthesis in transgenic tobacco overexpressing potato

StMYBA1 based on the previous transient assay result (Liu et

al. 2016). When StMYBA1 was stably transformed into

tobacco plants, noticeable red pigment was accumulated in

the leaves, flowers, ovaries and roots of transgenic plants

(Fig. 1). In all three transgenic lines, especially line 2, large

amounts of anthocyanins were detected (Fig. 2B). These

results suggest that StMYBA1 can regulate anthocyanin

biosynthesis in potato.

The bHLH TFs interact with R2R3 MYB partners to form

transcriptional complexes to regulate the anthocyanin

biosynthetic genes. For example, in maize (Zea mays), the

promoter of DFR is activated by the transcriptional complex

of R2R3 MYB factor C1 and the bHLH TF B or R (Sainz

et al. 1997). Exogenous MYB TFs can also affect endogenous

bHLH TFs, for example, in petunia, the MYB TF PhAn2 up-

regulates expression of the bHLH TF PhAn1 (Spelt et al.

2000). In MrMYB1-overexpressing transgenic tobacco

plants, The expression of bHLH TFs NtAN1a and NtAN1b of

petals and ovaries was highly induced by MrMYB1, however,

the expression of bHLH TFs is extremely low in transgenic

tobacco leaves, thus no anthocyanin was accumulated (Huang

et al. 2013). In LcMYB1 over-expressing tobacco plants, the

upregulation of NtAN1b was noticeable in pigmented pedicel

and leaf (Lai et al. 2014). In present work, whether the

endogenous MYB and bHLH TFs in transgenic tobacco

plants can by stimulated by overexpression of StMYBA1 was

investigated. The result showed that higher expression of

endogenous NtAN1a and NtAN1b, especially NtAN1b in

leaves and roots was detected, resulting in the high expression

of late anthocyanin biosynthetic genes such as NtANS in

leaves and NtDFR in roots. These results suggest that the

expression of NtAN1b is essential for the anthocyanin

accumulation in tobacco leaves and roots (Fig. 3; Fig. 4).

Light stimulates the expression of MYB TFs involved in

anthocyanin biosynthesis, resulting in the red pigmentation

in plants (Allan et al. 2008; Rowan et al. 2009; Li et al.

2012). The modulatory effect of light on anthocyanin

accumulation in transgenic plants overexpressing regulatory

genes has already been studied (Ray et al. 2003; Albert et al.

2009). In this study, both anthocyanin biosynthetic genes and

bHLH TFs involved in anthocyanin biosynthesis were down-

regulated in tobacco leaves infiltrated with StMYBA1 under

dark incubation. It suggests that the involvement of the other

light-regulated factors in modulation of anthocyanin biosynthesis

in tobacco plants, along with ongoing over-expression of

StMYBA1. In Arabidopsis, apart from MBW complex, the

transcriptional factor ELONGATED HYPOCOTYL 5 (HY5) is

involved in the anthocyanin biosynthesis and responded to light

Table 1. Identification of putative cis-regulatory elements in the StMYBA1 promoter.

Category cis-regulatory element Motif Numbers of element

Light response ACE AAAACGTTTA 1

ACE ACGTGGA 1

Box I TTTCAAA 3

Box 4 ATTAAT 5

G-Box CACGTT 1

G-Box CACGTC 1

G-Box CACGTA 1

Defense & stress response TC-rich repeats RTTTTCTTMM 3

Abscisic acid response ABRE TACGTG 1

Ethylene response ERE ATTTCAAA 2

Heat stress response HSE AAAAAATTTC 1

MeJA response CGTCA-motif CGTCA 1

TGACG-motif TGACG 1

Circadian control Circadian CAANNNNATC 6
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(Shin et al. 2007; ller et al. 2011). In darkness, the HY5, PAP1

and PAP2 of the Arabidopsis seedling are ubiquitinated by the

CONSTITUTIVE PHOTOMORPHOGENIC 1/SUPPRESSOR

OF PHYTOCHROME A-105 (COP1/SPA) complex and

then degraded by the 26S proteasome (Maier et al. 2013). In

apple, a B-box protein, MdCOL11 regulated the expression

of MdMYBA and MdCOL11 was a target of MdHY5, which

suggest that MdCOL11 is involved in MdHY5-mediated signal

transduction and regulates anthocyanin accumulation in apple

peel (Bai et al. 2014). Thus, our results suggest that there are

other light-regulated factors possibly involved in the regulation

of anthocyanin biosynthesis induced by StMYBA1 in tobacco

plants under dark conditions, and will be further investigated.

Our results demonstrate that StMYBA1 positively regulates

anthocyanin biosynthesis based on the analysis of phenotype

and gene expression. Furthermore, our results suggest that

light-dependent factors are involved in the activating anthocyanin

biosynthetic genes and regulatory bHLH TFs in StMYBA1-

overexpressing transgenic tobacco plants. The role of StMYBA1

in potato will be further investigated in future work.

Materials and Methods

Plant Materials

Purple potato cultivar ‘Hei Meiren’ (abbreviated as HM; purple peel
and purple flesh) was from Gansu Agricultural University, China.
Nicotiana tabacum was used for transformation, which was grown in
a greenhouse under natural lighting (16hrs light/8hrs dark).

RNA, DNA Isolation and First-strand cDNA Synthesis

Total RNA samples of young leaves and roots of tobacco were
extracted by using the PureLink Plant RNA Reagent Kit (Invitrogen,
Carlsbad, CA, USA1) followed the manufacturer’s instructions. The
RNA was quantified by using a Nanodrop ND-1000 spectrophotometer
(NanoDrop Technologies, Wilmington, Delaware, USA) and quality
was measured on a 1% (w/v) agarose gel. To remove genomic DNA
contamination, the cDNA was treated with RQ RNase-free DNase
(Promega, Fitchburg, WI, USA) and first-strand cDNA were
synthesized by using oligo(dT) (QuantiTect Reverse Transcription
Kit; Qiagen, Valencia, CA, USA). Genomic DNA was isolated from
tuber tissue using the CTAB method (Murray and Thompson 1980). 

Electroporation of StMYBA1 Construct and Promoter Analysis

The pSAK277 construct for 35S:StMYBA1-1 was as previously
described (Liu et al. 2016). The Genbank accession number for
StMYBA1-1 is KP317177. Binary vector carrying the pSAK277
construct were electroporated into Agrobacterium tumefaciens strain
GV3101 (MP90). 

The promoter of potato StMYBA1 (1.998 kb upstream of StMYBA1)
from HM was amplified by polymerase chain reaction (PCR) with
one pair of primers: StMYBA1-PF (5’- GGTAGGACTGTGTTGG-
TGTGATTGATG-3’) and StMYBA1-PR (5’-CCATGGTCCCAACGA-
TGCACACATAGGA-3’) and inserted into the NcoI and XhoI
restriction sites of pGreenII 0800-LUC vector (Hellens et al. 2005).
Conserved cis-element motifs in the promoter were subjected to
analysis by using online PLACE software tools (http://www.dna.

affrc.go.jp/PLACE/).

Tobacco Transformation

Tobacco transformation was carried out by using a leaf disc
transformation method (Horsch et al. 1985). The regenerating transgenic
shoots were obtained on selective medium containing 3% (w/v)
sucrose, 0.7% (w/v) agar (Taconic, Germantown, NY, USA), 1.0 mg l−1 6-
benzylaminopurine (BAP), 1.0 mg l−1 1-Naphthaleneacetic acid
(NAA), 300 mg l−1 Timentin (ticarcillin disodium and clavulanate
potassium) and 150 mg l−1 kanamycin. These transgenic shoots were
transferred to the greenhouse under long-day lighting (16hrs light/
8hrs dark) after 1 month culture on medium.

Real-time Quantitive PCR (qPCR) Analysis of Gene Expression

Transgenic tobacco plants were obtained by kanamycin selection and
further analysed by real-time qPCR. Amplification and analysis of
target genes were performed on the LightCycler 480 Real-Time PCR
System (Roche, Foster City, CA, USA). All reactions were carried
out using the LightCycler 480 SYBR Green I Master Mix (Roche).
Reactions were performed in quadruple using 1 µl cDNA, 5 µl
2×Master Mix, 0.5 µM each primer and 3 µl nuclease-free water to a
total volume of 10 µl. The qPCR cycling system was as follows:
95°C for 5 min, followed by 40 cycles of denaturation at 95°C for 5 s,
annealing at 58°C for 5 s, and elongation at 72°C for 10 s.
Amplification was then followed by melting curve analysis at 65-
95°C. For each gene, the cDNA sample was serially ten-fold diluted
to generate a standard curve and the qPCR efficiency was obtained by
analysing standard curve and then imported into expression data
analysis. Tobacco actin (GenBank accession No. EU938079) and
elongation factor-1 (GenBank accession No. D63396) were used for
template normalization to calculate relative abundance with the ΔCT

method. The data was analysed with the LigherCycler 480 software
version 1.5, Error bars represent the means ±SE of four technical
replicate qPCR reactions. One-way ANOVA was used to determine
the statistical significance.

The relative expression levels of StMYBA1, endogenous NtAN2,
NtAN1a, NtAN1b, and the anthocyanin biosynthetic genes of chalcone
synthase (NtCHS), chalcone flavanone isomerase (NtCHI), flavonoid
3'-monooxygenase (NtF3’H), flavanone 3 beta-hydroxylase (NtF3H),
dihydroflavonol 4-reductase (NtDFR), anthocyanidin synthase (NtANS),
anthocyanidin 3-O-glucosyltransferase (NtUFGT) were measured by
real-time qPCR. The details of primer information were listed in Liu
et al. (2016). 

HPLC Analysis of Transgenic Tobacco Plants

For the stably StMYBA1-overexpressing tobacco plants, three tobacco
leaves and roots from each of three transgenic tobacco lines were
taken and pooled together to determine total anthocyanin content by
HPLC, and empty vector pSAK277 was a negative control. For dual
luciferase assays, three patches of tobacco leaves under light and dark
treatments were pooled together for HPLC measurements, respectively.
GUS was used as a negative control and three biological replicates
were performed. Samples of freeze-dried tobacco leaves (1g FW)
were pulverized and extracted in 5 ml solvent (methanol with 0.1%HCl)
at a room temperature for 3 h in the darkness, then centrifuged for 10
min at 3500 rpm. A 500 μl aliquot of 20-fold diluted supernatant
(with 20% methanol) was measured by HPLC (McGhie et al. 2005).

Transient Assays of Gene Function

N. tabacum was grown in the greenhouse as described above were
used for infiltration. Cultures of Agrobacterium tumefaciens strain
GV3101 were incubated for the dual luciferase assays. The strains
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containing StMYBA1 and GUS fused to the 35S promoter in the
pSAK277 vector were mixed (500 µl) and infiltrated into the abaxial
leaf surface as for the transient color assays. Three leaves of the same
plant were performed for each infiltration. Three tobacco plants
infiltrated with StMYBA1 as described above were grown in the
greenhouse, the other three plants infiltrated with StMYBA1 were
covered with foil for dark treatment.
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