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Abstract

Background: Anthocyanins are abundant secondary metabolites responsible for most blue to blue-black, and red to
purple colors of various plant organs. In wheat grains, anthocyanins are accumulated in the pericarp and/or aleurone
layer. Anthocyanin pigmented wheat grains can be processed into functional foods with potential health benefits due
to the antioxidant properties of the anthocyanins. The grain anthocyanin content can be increased by pyramidizing
the different genes responsible for the accumulation of anthocyanins in the different grain layers. Our objective was
to develop a high-performance thin-layer chromatography (HPTLC) method that allows the determination of both
the anthocyanin profile and the total pigment concentration. Thereby, selection of breeding lines with significantly
higher grain anthocyanin content from purple pericarp x blue aleurone wheat crosses should become more efficient
than selection based on only visual scoring of grain color and the unspecific determination of anthocyanin concen-
tration by UV/Vis spectroscopy.

Results: A wide variability in the grain anthocyanin content was observed in breeding lines and check varieties. The
highest concentration of anthocyanins was observed in deep purple (i.e. combination of the purple pericarp and blue
aleurone genetics) grained breeding lines, followed by blue aleurone and purple pericarp genotypes. Determination
of the total anthocyanin content was included into the chromatographic analysis, rendering an additional photo-
metric analysis unnecessary. Ten target zones were identified in anthocyanin pigmented wheat grains; four of these
zones were typically for blue aleurone types, five for purple pericarp types, and one (i.e. kuromanin glucoside) was
characteristic for both. Chemometrics applied to the anthocyanin profile recorded by scanning densitometry revealed
that peak heights and peak areas are highly correlated and that seven out of the ten target zones were responsible for
about 90% of the total variation in the germplasm. Multivariate analysis of these seven target zones allowed not only
a separation of the genetic material into purple, blue and deep purple grained genotypes, but also the identification
of genotypes with a specific anthocyanin pattern. Thereby, the original classification by visual scoring was overruled in
about one-third of the breeding lines.

Conclusions: The presented HPTLC method with a coté calibration allowed the profiling of the pigments and quanti-
fication of wheat grain anthocyanin content in a single analysis, replacing UV/Vis spectroscopy with subsequent HPLC
analysis. Moreover, no sample preparation apart from extraction and filtration is required, and more than 15 samples
can be evaluated in one analysis run, corresponding to several dozens of samples per day. Hence, the method fulfills
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the requirements for screening methods in early generations of a plant breeding program such as high-throughput,
small sample size, high repeatability, fast determination, and reasonable costs per sample. Combined with multivari-
ate statistical analysis, the anthocyanin pattern allowed the validation of the genetic background in the offspring of
purple x blue wheat crosses and, therefore, the efficient selection of genotypes exhibiting both the cyanidin and

delphinidin aglycon.

Keywords: Antioxidant, Chemometrics, Cluster analysis, Functional food, HPTLC, Phytonutrient, Phytochemical,
Principal component analysis, Scanning densitometry, Triticum aestivum

Background

Cereal grains are worldwide the major source of available
carbohydrates and daily dietary energy. Cereal products
prepared from refined flour or dehulled grains are con-
sumed most frequently. However, minerals, vitamins and
phytochemicals, e.g. anthocyanins, are located mainly in
the outer layers of the grain [1-3], which are removed
during milling as bran. Additionally, the bran fraction
contains high levels of dietary fiber. Due to health pro-
moting effects of phytochemicals and dietary fiber, an
increased consumption of whole grains is recommended
[4-6].

Anthocyanins are phenolic compounds (flavonoids)
responsible for most blue to blue-black, and red to purple
colors of diverse plant organs [7]. The interest in antho-
cyanins has increased in the last decades as they repre-
sent alternatives to artificial food colorants. Research also
suggests potential health benefits due to their antioxidant
properties [8—10]. In wheat grains, anthocyanins can be
expressed in either the pericarp (i.e. purple pericarp) or
the aleurone layer (i.e. blue aleurone). Higher antioxidant
properties of purple- and blue-colored wheat compared
to varieties without anthocyanins (i.e. white or red) were
demonstrated [11, 12]. Today, anthocyanin pigmented
wheat grains are processed on a limited scale into whole-
grain products with specific color and taste, as well as
into anthocyanin extracts for further processing into
functional foods. Considering consumers’ interest in
food with added health benefits, production of colored
cereal varieties can be expected to increase.

To breed wheat grains with increased anthocyanin
content, the genes responsible for purple pericarp (PpI
and Pp3) and blue aleurone (Bal and Ba2) can be pyra-
midized (Fig. 1) by sophisticated crossbreeds. However,
it is necessary to objectively evaluate the content and
the composition of anthocyanins in the offspring. Cur-
rently, new hybrids are classified visually, a procedure
that can be prone to subjectivity errors, while the total
anthocyanin content (TAC) is determined by an unspe-
cific photometric method. HPLC (high-performance
liquid chromatography) with chemometric data analysis
was used to distinguish blue aleurone, purple pericarp

and ‘deep purple’ wheat genotypes according to their
anthocyanin pattern [13]. The chromatographic method
allowed observing variations in the content of individual
anthocyanins, which is not possible by the photometric
approach. HPTLC (high-performance thin layer chroma-
tography) can replace HPLC to increase the robustness
of the separation and to shorten analysis time. Applying
chemometric analysis to HPTLC data, however, is chal-
lenging and requires a dedicated data preparation meth-
odology to be successful [14, 15]. HPTLC is traditionally
used for authenticity studies of medicinal plants based
on the pattern of their secondary metabolites. In plant
breeding, the method is hitherto not routinely used,
although it was shown for chicory that it is more profit-
able than HPLC in the screening for sugar composition
[16].

The aim of the present study was to develop an HPTLC
method which allows (i) the separation of anthocyanins,
(i) the classification of samples according to their antho-
cyanin profile, and (iii) the determination of the total
anthocyanin content of purple pericarp and blue aleu-
rone wheat, and their hybrids.

Methods

Plant material

Forty winter wheat samples were tested, including 31
breeding lines, five released varieties and four genetic
stocks (see Table 2 in “Appendix 1”). The germplasm was
grown in 2014 under conventional farming practice in
the wheat breeding nursery at the BOKU Experimental
Station Grof3-Enzersdorf, Lower Austria. Grain color was
defined by visual scoring after harvest according to a 1 to
9 scoring scheme (see Table 2 in “Appendix 1”). Accord-
ing to this scheme, the samples were classified into 17
purple pericarp, 10 blue aleurone, and 13 deep purple
grained genotypes.

Sample preparation and extraction of anthocyanins

Grain samples (25 g) were milled with an AQCS806 lab
mill (Agromatic AG, Laupen, Switzerland). The different
fractions were separated by a Promylograph LS labora-
tory sieving machine (Max Egger Geritebau, St. Blasen,
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aleurone (Ba), and d deep purple (Ba+ Pp)

Fig. 1 Wheat grain color due to accumulation of anthocyanins in different grain layers: a white (no anthocyanins), b purple pericarp (Pp), € blue

Austria). The bran fraction>710 um was collected and
subsequently milled with a Cyclotec™ 1093 mill (Foss
GmbH, Austrian subsidiary, Vienna) equipped with a
1 mm sieve. The milled samples were stored in a freezer
at — 20 °C. The moisture content of the bran samples was
measured with a MA35 moisture analyzer (Sartorius,
Gottingen, Germany) and was typically 10%.

All samples were extracted according to Abdel-Aal
and Hucl [17]. In brief, 8 mL of methanol and 1 M HCl
(85:15, v/v) were added to 1+0.002 g of milled bran in
a 15 mL centrifuge tube. The tubes were shaken shortly
by hand and then agitated in an overhead shaker (Hei-
dolph Instruments, Schwabach, Germany) for 30 min
at 150 rpm. The tubes were centrifuged for 5 min at
4000 rpm in a Z206A compact centrifuge (Hermle,
Wehingen, Germany). The supernatant was decanted and
filled to 6 mL with the extraction solvent. The extracts
were stored in a freezer at — 20 °C protected from light to
be analyzed within days.

High-performance thin-layer chromatography

For all analyses, HPTLC plates (200 x 100 mm, 200 pm
silica gel 60 F,,, glass plates; Merck, Darmstadt, Ger-
many) were used. Samples—thawed and filtrated through
a 045 pm PTFE syringe filter (VWR International,
Darmstadt, Germany) into amber vials—and anthocya-
nin standards, i.e. kuromanin (cyanidin 3-O-glucoside)
chloride and myrtilin (delphinidin 3-O-glucoside) chlo-
ride (Extrasynthese, Genay, France), were applied with an
Automatic TLC Sampler 4 (ATS 4, CAMAG, Muttenz,
Switzerland), using the following settings for 18 sam-
ple tracks per plate: band length 8.0 mm, track distance
10.0 mm, dosage speed 150 nL s, first application posi-
tion: 15 mm from the left edge (x-axis), 8 mm from the
bottom edge (y-axis); 14 ul of each sample and standard
were applied. Development was carried out in an Auto-
mated Developing Chamber (ADC2, CAMAG, Muttenz,
Switzerland) with the following settings: migration dis-
tance 60 mm, 20 min saturation, 10 min activation using
molecular sieve for a relative humidity of 0-5%; 5 min
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drying time. The same solvent mixture was used for
both plate development (10 mL) and saturation (25 mL):
ethyl acetate:2-butanol:1 mM trifluoroacetic acid in
methanol:water (3:2:1:1, v/v).

Scanning densitometry was performed with a TLC
Scanner 3 (CAMAG, Muttenz, Switzerland) both directly
after sample application and after development at 535 nm
using the following settings: scanning speed: 20 mm s~
data resolution: 100 um per step; slit: 5 x 0.2 mm, micro.
All instruments were controlled with VisionCats 2.0 soft-
ware (CAMAG, Muttenz, Switzerland).

Peak heights (intensities) and peak areas were evalu-
ated with winCATS 1.4.9 software (CAMAG, Mut-
tenz, Switzerland). Peaks with intensities less than 2 AU
were ignored and only peaks with a retention factor (R))
between 0.2 and 0.7 were considered. In total, ten target
zones at R, 0.2, R;0.28, R;0.34, R;0.37, R;0.45, R;0.49, R,
0.52, R;0.59, R;0.65 and R;0.70 were obtained (exempli-
fied in Fig. 2). Shifts in R, between plates were small and
easily corrected by the two anthocyanin standards and
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Fig. 2 Chromatograms of wheat bran anthocyanins and anthocyanin
standards: A myrtilin chloride; B blue aleurone wheat; € kuromanin
chloride; D purple pericarp wheat. The ten target zones are indicated
by numbers. Contrast of the image was adjusted with VisionCats
software to improve clearness
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four check samples which were included in each plate.
Peak heights and areas were used for statistical analysis.

TAC determination with a coté calibration was con-
ducted according to Oberlerchner et al. [18]. In brief,
kuromanin chloride standards were applied to each plate
outside the area required for chromatography (70 mm,
y-axis), while the samples were applied at their usual
position near the bottom edge (8 mm, y-axis). The plates
were scanned at 535 nm directly after application of the
standards and then again after sample application. Then,
chromatography was performed as described above. The
peak areas of the standards acquired in the first scan
were used for calibration, establishing a linear relation-
ship of the square root of the peak area and the decimal
logarithm of the kuromanin concentration. This calibra-
tion was then used to convert the areas of the application
spots, which had been determined in the second scan,
into kuromanin-equivalents (kur-eq) per gram bran.

Statistical analysis

Procedure MIXED of SAS 9.4 software (SAS Institute
Inc., Cary, NC) was used for mixed analysis of vari-
ance with grain color as fixed effect. The Tukey—Kramer
method was applied to compare the least square means
to account for the differences in the number of geno-
types per grain color class. Principal component analysis
(PCA) was executed for dimensionality reduction via the
BIPLOT macro [19]. Hierarchical cluster analysis using
Euclidian distances for the similarity matrix and average
linkage as algorithm for cluster formation was carried
out using Genstat 18" ed. Software (VSN International
Ltd, Hemel Hempstead, UK). The whole workflow of the
method is demonstrated in Fig. 6 (“Appendix 2”).

Results

Total anthocyanin content

Total anthocyanin contents (TAC) in the investigated
bran samples ranged from 47.5 to 1289.6 pg g~ (Table 1
and [18]). Analysis of variance revealed significant dif-
ferences between grain color classes. The lowest TAC
was observed for purple grained check varieties ‘Rosso,
‘Charcoal’ and ‘Konini, whereas the highest TAC was
recorded for ‘deep purple’ colored breeding lines (see
Table 2 in “Appendix 1”). Within blue and purple grained
genotypes, breeding lines showed a tendency to higher
TAC compared to check varieties (released varieties and
genetic stocks). However, these differences were not sta-
tistically significant at p =0.05 (Table 1).

Multivariate statistics of HPTLC data

PCA of the ten selected peaks revealed that peak heights
and peak areas are highly associated: both the length
of their vectors are similar and the angle between the
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Table 1 Variation in the total anthocyanin content (TAC, kur-eq) of bran of anthocyanin pigmented wheat breeding lines

and check varieties

Source Seed colour’ TACys (ug g~ " db)? TAC,pric (Mg g~ db)®

Min Max Mean* Min Max Mean*
Lines Ba+Pp 3599 1289.6 780.5 a 466.8 1289.6 8809 a
Lines Ba 1615 879.2 496.2 ab 295.1 679.3 4963 b
Checks Ba 117.6 669.0 3538bc 1176 669.0 353.8 bc
Lines Pp 1243 5025 219.7 bc 1243 437.7 2210c
Checks Pp 475 174.7 1003 ¢ 47.5 1747 1003 ¢

! Ba, blue aleurone; Ba + Pp, deep purple (blue aleurone 4 purple pericarp); Pp, purple pericarp

2 TAC in grain color classes based on visual scoring

3 TAC in grain color classes based on chemometrics of the anthocyanin profile

4 Means with different letters are significantly different at p=0.05 (Tukey-Kramer test)

vectors is small (see Fig. 7 in “Appendix 2”). Correla-
tion analyses confirmed the relationship between peak
height and peak area. Correlations coefficients ranged
from r=0.95 (p<0.0001) for target zone 4 to r=0.995
(p<0.0001) for target zones 3 and 6. The two biplot
axes explained 52.2 and 29.7% of the total variation and
the grain color classes were distributed as follows: blue
aleurone genotypes along vectors of target zones 1 to 4,
purple pericarp types along the vectors of target zones
6 to 10, and deep purple types in between these groups.
Target zone 5, which corresponds to kuromanin gluco-
side (see Fig. 2), showed an intermediate position to the
other two groups of target zones. Removing peak areas
from PCA resulted in a negligible improvement with
respect to explained variation by the first two principal
components (82.2%) (see Fig. 8 in “Appendix 2”). Moreo-
ver, peaks at the beginning and end of the chromatogram
(target zones 1, 9 and 10 at R;0.2, 0.65 and 0.7, respec-
tively) were either less important concerning differen-
tiation of the germplasm—as visible by the shorter vector
length—or were highly associated with other peaks (e.g.
target zone 1 with 4, 9 with 7 and 10 with 8). Therefore,
these three peaks were also removed from PCA.

The final PCA with the peak heights of the remaining
seven peaks improved the explained variation signifi-
cantly: PC1 and PC2 explained 56.7 and 32.6%, respec-
tively (Fig. 3). A grouping of grain color classes is obvious,
but variation in the breeding lines is considerable within
grain color. Two breeding lines are grouped differently to
visual scoring: purple grained line p12y is—apart from
its sister line pl2x—overlapping with blue grained geno-
types and blue grained b2 is located in the group of deep
purple grained genotypes.

From both the chromatogram (Fig. 2) and the biplot
(Fig. 3) it is obvious that target zones 2 to 4 and 6 to 8
are characteristic for blue aleurone and purple pericarp
genotypes, respectively, while target zone 5 (kuromanin)

is present in both genetic backgrounds. Investigating the
breeding lines for their deviations in the anthocyanin
pattern from their purple and blue parents provides addi-
tional information. For example, the purple (pl), blue
(b1) and deep purple (d1) lines of ‘cross 276’ (Table 2 in
“Appendix 1”) show an expected pattern: pl and bl are
similar to their respective parents and show no devia-
tions in the anthocyanin pattern, while d1 is a combi-
nation of both the purple and blue pattern (Fig. 4). This
result is also obvious in the biplot (Fig. 3) where p1 and
b2 are nearby the purple and blue check and parent varie-
ties and d1 lies apart from them in the deep purple group.

Cluster analysis of breeding lines based on their devia-
tion in peak heights from their colored parents in the
three key target zones (i.e. 2 to 4, 5, and 6 to 8) revealed
four clusters (Fig. 5). Cluster I and II include breeding
lines with an anthocyanin pattern typical for purple peri-
carp and blue aleurone germplasm, respectively. Cluster
III includes deep purple lines with a characteristic accu-
mulated pattern of both genetic backgrounds, whereas
Cluster IV includes deep purple breeding lines with an
expression of anthocyanins in key target zones higher
than expected from the performance of their parents. In
each cluster, breeding lines are included which were visu-
ally scored differently from their grouping by their antho-
cyanin pattern, i.e. b6, d9 and d12y in Cluster I, d2, d6
and d12x in Cluster II, b2 and b5 in Cluster III, and p4 in
Cluster IV (Fig. 6). The deviations in the anthocyanin pat-
tern (see Fig. 9 in “Appendix 2”) confirmed the grouping
by cluster and principal component analysis and allowed
a reclassification of the visual scoring. In total, 30% of the
breeding lines were not correctly evaluated by the visual
scoring. Reclassification of the grain color based on the
multivariate statistics led also to a better differentiation
of the grain color classes in the analysis of variance and
post hoc mean (TAC,;pr ) comparisons (Table 1).
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Discussion

Grain anthocyanin concentration

The variability in TAC observed in this study is compa-
rable to almost all previous studies. In wheat bran of a

purple and blue grained wheat grown from 1996 to 1998
in Canada on average 235.9 and 452.9 ug g~ !, respec-
tively, were reported [20]. Similar values were stated by
the same group in later studies: 321 and/or 405 pg g~
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Fig. 5 Hierarchical clustering (average linkage) of breeding lines based on the deviations from their anthocyanin colored parent with regard to
peak height of key target zones 2 to 4, 5, and 6 to 8. Genotype codes correspond to Table 2 in “Appendix 1"

for blue wheat bran [21] and 154 to 285 pg g~! for pur-
ple wheat bran [22]. Siebenhandl et al. [1] observed 168.6
and 225.8 pug g~ for the bran and shorts fraction of Aus-
trian purple and blue wheat, respectively. In the bran of
a commercial sample of purple wheat, 295 ug g~! were
determined [23]. Contrariwise, for a commercial purple
wheat bran sample from Canada, a significantly higher
TAC of 1155 pg g~* was reported [24], a value which was
reached in the present study only by a few deep purple
grained lines. Differences in TAC across the literature
can be explained by different germplasm, environmen-
tal conditions and methodology, e.g. different mills and
mesh widths used for the fractionation of bran.

Although the purple pericarp and blue aleurone traits
are inherited by only two major genes each [25, 26], sev-
eral studies revealed not only significant genotypic effects
for TAC, but also significant genotype by environment
interactions, and significant interactions between envi-
ronmental factors (years, locations, management) [22,
27, 28]. Anthocyanin accumulation in the grains of vari-
ous purple and blue wheat varieties increases with grain
development and significantly declines during the hard
dough stage [29-31]. Therefore, harvesting germplasm
at different maturity stages, which in practice often hap-
pens in segregating material, can have influence on the
genotype by environment interaction. Increased TAC
values were observed in earlier harvested samples of one

and the same genotype, and even grain position can have
an effect on grain anthocyanin concentration [27]. Such
environmental influence is most probably also responsi-
ble for some false classifications of seed color by visual
scoring in the present study. The environmental influence
on concentrations and composition of anthocyanins in
plant organs was also demonstrated for other crops, such
as maize [32], potatoes [33], grape [34] and Vaccinium
berries [35].

A higher TAC in breeding lines compared to parental
check varieties was observed not only in this study but
also by other researchers [13, 22, 30, 36, 37]. This can be
explained by the conscious selection of crossing proge-
nies to the respective environmental conditions, whereas
the parental donors of grain color are often non-adapted
or even ‘exotic’ genotypes developed elsewhere.

Appropriate milling, debranning and fractionation
techniques can be used to recover mill streams with
increased contents of phytonutrients [23, 38, 39] for the
production of functional foods. With respect to antho-
cyanin pigmented wheat it has to be considered that blue
aleurone and deep purple grained types contain high
amounts of antioxidants in the aleurone. To this end,
techniques capable of exploiting and/or separating also
the aleurone layer have to be applied [40—42].

TAC was determined by HPTLC & cdté calibration [18]
which was shown to be highly correlated to the unspecific
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UV/Vis spectroscopic method. A determination of TAC
after chromatography, e.g. by integrating the total peak
area at 535 nm, was not possible as the anthocyanins
decolorized during development. Recently, Lata et al
[43] confirmed that anthocyanins are prone to decom-
position on silica plates. For the investigated samples, the
total peak areas after development were well below 50%
of the area of the application spots. It was therefore nec-
essary to measure the peak areas of the application spots
before chromatographic separation, offering thereby also
an opportunity to increase sample throughput [18].

Classification by anthocyanin pattern

It was previously shown that genotypes of anthocyanin
pigmented wheat could be identified according to their
HPLC chromatograms [13], which required about 70 min
per sample or 20 samples per day, not considering sam-
ple preparation to prevent premature clogging of the col-
umn. The identification of plants by their characteristic
pattern of compounds is one of the main applications of
HPTLC [44]. It has advantages over the column-based
HPLC considering robustness as contaminations of the
stationary phase do not interfere with subsequent anal-
yses which reduces the necessary sample preparation
to filtration. Also sample throughput is higher, as sev-
eral samples are developed on the same plate in parallel.
Twenty samples—a day’s worth of samples of the HPLC
method—can be analysed on a single plate within less
than 2 h without difficulty (see Table 3 in “Appendix 1”).
The effective analysis time per sample is therefore in the
range of a few minutes, making HPTLC an ideal tool for
screening campaigns [16]. The decision about a plant’s
identity is generally supported by visual inspection of
the chromatogram [45], and efforts have been made to
replace this practice with the more objective evaluation
of chromatograms by PCA [46].

The result of an HPTLC analysis is usually documented
by either video or scanning densitometry. In video den-
sitometry, a picture of the plate is taken with a digital
camera under illumination with white light or UV light.
These pictures resemble the visual impression of the plate
and contain information on both the position and the
color of the spots. However, chromatograms extracted
from these pictures lack both in resolution and in sensi-
tivity [47]. Several approaches have been published to use
data obtained this way for PCA, but only in a few cases
satisfactory results were obtained [48]. While irregu-
larities in chromatograms (e.g. uneven solvent fronts,
irregular illumination of the plate) can be compensated
[14, 49], the low sensitivity of video densitometry can
barely be improved by data manipulation. Faint peaks are
easily obscured by random noise and are consequently
not recognized by PCA [46]. In a previous study, PCA
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of anthocyanins according to video densitometric data
regularly revealed random factors or variations between
plates as main principal components [50]. In scanning
densitometry, the plate is illuminated by monochromatic
light, and the reflected light is detected by a photomul-
tiplier. This allows a sensitive and wavelength-dependent
detection of analytes on the plate. In contrast to video
densitometry, noise and variations between plates are
greatly reduced, resulting in the reproducible detection
even of faint spots. In the data obtained this way, sig-
nals can be differentiated more clearly from noise than
in video densitometry [51], providing more meaningful
input data for statistical analyses. This data still needs to
be checked for chromatographic irregularities, such as
shifting retention factors, and corrected if required. In
the present study it was also shown that the removal of
some key target zones from PCA improved the differenti-
ation as the removed peaks didn’t contribute significantly
to the differentiation of the material and, moreover, were
highly correlated to other peaks. This strong association
between some peaks might be connected to the recently
recognized decomposition of anthocyanins on silica
plates, which forms anthocyanidin aglycons from glycosi-
dated anthocyanins [43].

Conclusions

The presented HPTLC method with a coté calibration
combines both reliable quantification and profiling of
wheat grain anthocyanins into one analysis. Compared
to other chromatographic methods, the method is highly
productive and suitable for breeding programs with sev-
eral dozens of samples per working day and offers a sig-
nificantly better cost efficiency. Chemometric analysis
of data obtained by scanning densitometry was highly
efficient in confirming or questioning the grain color
determined by visual scoring. For almost one-third of the
breeding lines a reclassification of the visually assessed
grain color was necessary after HPTLC. Moreover, a
few genotypes were identified which exhibited an antho-
cyanin pattern not expected according to the involved
colored parents. This germplasm is of special interest
for further studies on the spatial and temporal biosyn-
thesis of anthocyanins in the wheat grain and its genetic
regulation.
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Appendix 1
See Tables 2 and 3.

Table 2 Investigated wheat germplasm and the respective
total anthocyanin content (TAC, kur-eq) in the bran frac-
tion (>710 pm particle size)

Genotype Status' ID  Seedcolor®> TAC (ugg™")
Amethyst (AGG29407) cv AMY 4 132.2
Charcoal (Cltr17422) GS cCcL 5 74.0
Indigo (BVAL216120) v IND 4 174.8
Konini (TRI16816) cv KON 4 79.3
Otello (J.1083) BL OTE 4 938
Rosso (5ZD6758) (@Y ROS 4 475
276-OTE/TBK-P2512.5G.14  BL p1 4 160.9
327-SB3/REN//CCL- BL p2 5 195.8
P24156G.14
345-SB1//SAT/IND- BL p4 5 502.5
P3001.1K.14
354-IND/TBK-P2903.1G.14  BL p6 45 188.7
374-IGR/TBK//SB1/IND- BL p7 185.1
pP2722.1G.14
376-OTE/SB2-P2417.1K.14  BL p8, 185.1
376-0OTE/SB2-P2418.1K.14  BL p8y 2024
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Table 2 continued

Genotype Status' ID  Seed color?> TAC(ugg™")

390-SB2/TBK//IND- BL pl0 5 309.7
pP2704.1K.14

391-IND/KAR//SB2/TBK- BL plt 4 1243
P2724.1G.14

392-SB2/TBK//AMY- BL pl12, 35 148.6
P2705K.14

392-SB2/TBK//AMY- BL p12, 5 213.0
P2709.6G.14

Sebesta Blue 1 (PI634538)  GS SB1 7 380.1

Sebesta Blue 2 (PI634539)  GS B2 7 5356

Skorpion (01C0106994) cv SKO 6 150.1

Tschermaks Blaukormiger — GS TBK 6 3993
(BVAL214025)

276-OTE/TBK- BL b1 6 2951
BA2502.2G.14

327-SB3/REN//CCL- BL b2 7 588.7
BA2820.3G.14

346-SB1/IND- BL b5 7 879.2
BA2907.1G.14

354-IND/TBK- BL b6 7 161.7
BA2902.5G.14

392-SB2/TBK//AMY- BL b12, 7 3734
BA2706.5G.14

392-SB2/TBK//AMY- BL b1 2, 7 679.3
BA27104.14

276-OTE/TBK- BL di 9 1276.2
DP2503.3G.14

327-SB3/REN//CCL- BL d2 9 592.8
DP2407G.14

339-TBK/IND- BL d3, 8 466.8
DP2606.1G.14

339-TBK/IND- BL d3y 85 761.2
DP2608.6G.14

345-SB1//SAT/IND- BL d4 9 1289.6
DP3002.6K.14

346-SB1/IND- BL d5, 85 992.7
DP2908.6G.14

346-SB1/IND- BL d5y 85 866.4
DP2909.1G.14

354-IND/TBK- BL d6 9 606.8
DP2906.6G.14

389-SB1/IGR//AMY- BL a9 8 437.7
DP2522.1G.14

390-SB2/TBK//IND- BL d1o, 9 1177.2
DP2701.2K.14

390-SB2/TBK//IND- BL di 0, 9 889.0
DP2702.6K.14

392-SB2/TBK//AMY- BL di2, 9 430.2
DP2707.3K.14

392-SB2/TBK//AMY- BL di 2, 8 359.8
DP2714.1.14

' BL, breeding line; CV, cultivated variety; GS, genetic stock

2 Visual scores of seed colors: 1, white; 2, light red pericarp; 3, red pericarp; 4,
light purple pericarp; 5, purple pericarp; 6, light blue aleurone (greyish seed); 7,
dark blue aleurone; 8, heterogenous deep purple (< 50% greyish blue); 9, deep
purple/black (blue aleurone and purple pericarp)
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Table 3 Used resources for the presented HPTLC method compared to a previously reported method combining HPLC
and photometry [13]

HPLC with photometry HPTLC

Sample amount 1 g wholemeal flour 25ggrain, 1 g bran

Solvent used for extraction 25mL 6 mL

Extraction time' 108 min 36 min

Analysis time per sample 62 min HPLC 6 min for both analyses
1 min photometry

Costs for stationary phase per sample 4-6 € 05€

Consumed mobile phase per sample 14.694 mL in total® 1.944 mL in total*
12.106 mL water 0.833 mL ethyl acetate
1.147 mL acetonitrile 0.555 mL 2-butanol
1.147 mL methanol 0.287 mL 1 mM trifluoroacetic acid in methanol
0.294 mL formic acid 0.287 mL water

Consumed sample volume 2 uL for chromatography® 14 L for both analyses®
200-2000 L for photometry®

Time for data evaluation Approximately the same for both protocols

! Several samples can be extracted simultaneously

2 Replacing the column after 150 to 200 injections
3 HPLC grade

4 Analytical grade

Not accounting for losses in the sampler; a larger volume is necessary to reach the required filling level in the vial

Sample used for photometry can be recovered

Appendix 2
See Figs. 6,7, 8 and 9.
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Step 1

* Scanning densitometry at 535 nm of anthocyanin
standards and samples

* Construction of calibration curve

* Calculation of total anthocyanin content (TAC)

Total Anthocyanin Content (TAC)
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Step3

* Scanning densitometry of samples
* Data processing

* Principal Component Analysis (PCA)
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Fig. 6 Workflow of the HPTLC analysis. In the first step, peak areas of samples and a c6té standards are measured by scanning densitometry. This
data is used for TAC determination. In step 2, the plates are developed and the anthocyanins separated. In step 3, the chromatograms are recorded
by scanning densitometry, generating the data used for PCA
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Fig. 7 PCA biplot of HPTLC peak heights and peak areas of blue, purple and deep purple grained wheat genotypes. Vector numbers correspond to
the ten target zones at R;0.2, 0.28, 0.34,0.37, 045, 0.49, 0.52, 0.59, 0.65 and 0.7, respectively. Genotype codes correspond to Table 2 in “Appendix 1".
Vectors for peak heights and peak areas are indicated by solid and dashed grey lines, respectively
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Fig. 9 Deviations of selected breeding lines from their purple pericarp (a, ¢, ) and/or blue aleurone (b, d, f) parent in their anthocyanin pat-
tern (sum of peak heights in chromatogram target zones 2 to 4, 5, and 6 to 8, corresponding to R, values 0.28, 0.34, 0.37, 045, 0.49, 0.52 and 0.59).
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