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White young shoots from albino tea cultivars have high level of amino acids and are rare and valuable
materials for processing green tea. The effects of temperature on leaf colour, accumulation of chlorophylls
and leaf ultrastructures of an albino tea cultivar ‘Xiaxueya’ were investigated. The study showed that the
shoot albino phenomenon of ‘Xiaoxueya’' was controlled by temperature. The development of chloroplast
from etioplast and the accumulation of chlorophylls a and b were blocked and albino shoots were observed
at 15 C. However, the albino phenomenon was reversed when the plant was grown at 20 C or above. The
authors recommended that the albino tea cultivars should be grown at high altitude or high latitude areas so
as to prolong the production season of albino tea shoots.
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INTRODUCTION

There are great genetic variations in tea germplasm
(Wachira et al., 2001), in which albino tea cultivars have
white young shoots and high level of amino acids than
their green counterparts (Du et al., 2006). There are two
types of albino tea mutant found in China. One is
controlled by temperature, which has white shoots when
the environmental temperature was below 20°C during
early spring season. The other is controlled by light
illumination, which has albino shoots in strong sunlight
summer season (Du et al., 2006). The former has been
widely grown in China, especially in Zhejiang Province.
Chemical composition is an important determinant of
sensory quality of tea and healthy effects (Liang et al.,
2005; Oyejide and Olushola, 2005; Karori et al., 2007;
Mbata, 2007; Wang and Li, 2006). The albino tea cultivar
has very high concentration of amino acids, especially
theanine which is a unique amino acid found exclusively
in tea (Konishi and Takahashi, 1969; Du et al., 2006).
Many amino acids have palatable taste and are important
contributor to sensory quality of green tea (Liang et al.,
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1996). Theanine has recently received much attention
due to its health benefits such as promoting relaxation,
reducing stress and anxiety, improving memory and
learning ability, as well as suppressing high blood pres-
sure (Yokogoshi et al., 1995; Juneja et al., 1999; Kakuda,
2002; Kim et al., 2004; Zhang et al., 2007). Owing to its
special quality and healthy potential, good tea products
prepared from the albino tea cultivars are in great
demand.

However, the albino tea plants are very sensitive to
environmental conditions, resulting in instability of chemi-
cal composition of the albino tea products. For example,
‘White leaf No.1’, a low temperature induced albino tea
cultivar, has white shoots and high concentration of amino
acids when environmental temperature is below 20°C, but
the albino phenomenon disappears when the temperature
is above 20°C, resulting sharp decrease in amino acids
level. Though physiological characteristics in some albino
plants were partially revealed (Yang et al., 2005), little
information about the physiological mechanism of albino
tea plant has been available.

In the present study, a low temperature induced albino
tea cultivar ‘Xiaoxueya’ was used to examine the impact
of temperature on leaf colour, accumulation of photosyn-
thesis related pigments, and leaf ultrastructures, with
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Table 1. Hunter colour parameters L, a and b of leaves at different temperatures *.

Tea cultivar Temperature a b

Fudingdabai 15°C 35.83 3.77 -19.06 1.66 12.75 1.94
20°C 37.75 1.76 -14.92 1.47 13.92 2.38
25°C 41.23 2.90 -16.53 0.17 16.39 1.60

Xiaoxueya 15°C 88.76 2.15 -0.28 1.28 30.49 3.46
20°C 36.46 0.82 -13.52 0.90 12.11 0.42
25°C 41.23 2.90 -16.53 0.17 16.39 1.60

*Values followed by a different lower-case letter in a same column are statistically different at P=0.05 (n=5).

comparison to a normal tea cultivar ‘Fudingdabay’, in order
to understand the albino mechanism of the tea mutant
and provide useful information for developing agricultural
techniques to improve its cultivation.

MATERIALS AND METHODS
Growth of tea plants

One year old cuttings of albino tea cultivar (Camellia sinensis cv.
‘Xiaoxueya’) and normal green tea cultivar (Camellia sinensis cv.
‘Fudingdabai’) were used in the experiment. The plants were
planted in plastic pot (20 cm in diameter and 25 cm in height, two
plants each pot) with a medium of compost and yellow earth (1:2, v/v)
in late October, 2006. Each cultivar was planted in fifteen pots. The
plants (five pots each treatment) were placed in model ZRX-1000DC
illumination incubators (Qianjiang Instrument Equipment Co. Ltd,
Hangzhou, China) at 15, 20 and 25°C, respectively. Photoperiod of
illumination incubators was 12 h white light (45 mol m?s™) and 12
h dark. Second leaf from apical bud was sampled for testing in late
July, 2007.

Determination of leaf color

The leaf color was determined using a TC-PIIG automatic color
difference meter (Beijing Optical Instrument Factory, Beijing, China)
according to the method describe by Liang et al. (2003). Color
parameters of L, a and b, which represent the lightness-darkness,
redness-greenness and yellowness-blueness on the three dimen-
sional Hunter L, a, b uniform colour scale respectively, were printed
out directly by the color difference meter.

Determination of chlorophylls

Fresh leaf (0.2 g) was ground into paste with 10 ml cool acetone and
centrifuged at 4,300 x g at 4°C for 10 min. The supernatant was
then used for HPLC analysis. The HPLC was carried out in the
following conditions: Shimadzu 2010 HPLC (Shimadzu Co. Ltd.,
Kyoto, Japan), injection volume 10 L, Shimadzu CLC-ODS column
6.0 mm @ x 0.15 m, column temperature 30°C, linear gradient from
100% mobile phase A (acetonitrile: acetic acid: water = 6:1:193,
viviv) to 100% mobile phase B (acetonitrile: methanol: chloroform =
150:40:10, v/v/v) in 20 min, flow rate 1 mL mint. The eluate was
monitored at 450 nm using a Shimadzu SPD ultraviolet detector
(Shimadzu Co. Ltd., Kyoto, Japan). Qualitative and quantitative
analysis of chlorophyll a and chlorophyll b were carried out by
comparing retention time and peak height of samples with those of
authentic compounds of chlorophyll a and chlorophyll b (Wacay
International Inc. Rowland Heights, CA, USA).

Transmission of electron microscopy (TEM)

Tea leaf was fixed in glutaraldehyde solution (2.5%) overnight at 4°C.
The solution was poured out and the leaf was washed with 0.1 M
phosphate buffer (pH 7.0) for three times (15 min each washing).
The leaf was re-fixed in 1% (v/v) OsO4 solution for 2 h and washed
using with 0.1 M phosphate buffer as before. The fixed leaf was
dehydrated in a graded series of ethanol (50, 70, 80, 90, 95 and
100%). Each dehydration step lasted 15 min. The dehydrated leaf
was drenched sequentially in acetone for 1 h, in epoxy resin and
acetone (1:1, v/v) for 3 h, epoxy resin and acetone (3:1, v/v) for 3 h
at room temperature. The leaf was finally embed in pure epoxy resin
overnight at 70°C. Sections of 70-90 nm thickness were made on a
Reichert-Jung ultra-cut 701701 microtome (Reichert-Jung Co.,
Heidelburg, Germany). The sections were examined and photo-
graphed with a JEM-1230 microscope (JEOL Ltd. Akishima, Tokyo,
Japan).

RESULTS AND DISCUSSION

Leaf colour at various temperatures

Parameters of L, a and b are indicators to discriminate the
visual differences of lightness-darkness, redness-
greenness and yellowness-blueness on the three
dimensional Hunter L, a, b uniform colour scale, respec-
tively. The Hunter L, a , b colour space is organized in a
cubic form. The L axis runs from top to bottom and the
maximum L is 100, which is a perfect reflecting diffuser.
The minimum for L is zero, which is black. The a and b
axes have no specific numerical limits. Positive a is red
and negative a is green. Positive b is yellow and negative
b is blue. Table 1 showed that albino cultivar ‘Xiaoxueya’
at 15°C had the highest values of L, a and b among all the
treatments including different cultivars and temperatures,
suggesting that leaf of ‘Xiaoxueya’ at 15°C was the most
diffuse, the lightest in green colour and the deepest in
yellow colour. It also indicates that the albino phenome-
non of ‘Xiaoxueya’ was induced by low temperature such
as 15°C and the albino phenomenon was reversible when
temperature was increased.

Figure 1 confirmed that the albino phenomenon of
‘Xiaoxueya’' was observed at 15°C but it was reversed
when temperature was increased to 20°C (Figure 1A and
B). When the temperature was increased to 25°C, the leaf
of ‘Xiaoxueya’ was as green as the normal ciltivar
‘Fudingdabai’. However, the leaf colour of normal cultivar
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Table 2. Concentrations of chlorophylls at various temperatures (ug g, fresh weight).

Chlorophyll Fudingdabai Xiaoxueya

15°C 20°C 25°C 15°C 20°C 25°C
Chlorophyll b 137.09+4.88 243.80+38.67 377.53+6.00 5.13+0.79 182.13+23.38 322.61+6.19
Chlorophyll a 384.30+12.66 | 872.93+70.22 919.07+5.35 10.34+2.32 440.04+38.32 878.92+28.58
Chlorophyll (a+b) 521.39 1116.73 1296.6 15.47 622.17 1201.53
a/b* 2.8 3.58 2.43 2.02 2.42 2.72

*a/b: The ratio of chlorophyll a to chlorophyll b

Figure 1. Leaf colour of two tea cultivars at different temperatures. A.
‘Xiaoxuya’ at 15°C; B. ‘Xiaoxueya’ at 20°C; C. ‘Fudingdabai’ at 15°C.

‘Fudingdabai’ did not show abnormity usually at 15°C
(Figure 1C).

Concentrations of various

temperatures

chlorophylls  at

Table 2 showed that levels of chlorophylls a and b of
‘Xiaoxueya’ at 15°C were significantly lower than those of
itself at 20 and 25°C and normal cultivar ‘Fudingdabai’ at
the three temperatures tested. The results were consis-
tent with the Hunter colour parameters in Table 1. This
suggests that albino phenomenon of ‘Xiaoxueya’' was
related to blockade in biosynthesis or accumulation of
chlorophylls. The ratios of chlorophyll a to chlorophyll b
was lowest in leaf of ‘Xiaoxueya’ at 15°C, suggesting that
the blockade in biosynthesis or accumulation of chloro-
phyll a was more at 15°C than at the elevated
temperatures.

Leaf ultrastructures at various temperatures

Chloroplast of normal cultivar ‘Fudingdabai’ did not show
any abnormalities on ultrastructure when the plants grown
at 15, 20 and 25°C. Its chloroplast showed the typical
ultra-structures, which had chloroplast grana, stroma,
thylakoids and one or two starch granules (Figure 1A).

Leaf ultrastructures cultivar ‘Xiaoxueya’ grown at 15, 20
and 25°C were different. The number of chloroplasts in
the leaf cells reduced with decrease in temperature and
mature chloroplast with full structures was not found in
leaf grown at 15°C (Figure 2B1). Chloroplast is developed
from etioplast (Balakrishna et al.,, 1999). In leaf of
‘Xiaoxueya’ grown at 15°C, etioplasts were observed
though mature chloroplast was not found (Figure 2B1).
However, the observed etioplasts lacked thylakoid
membranes and granal stacking ((Figure 2B2). The
thylakoid membranes and granal stacking are typical
structures in photosynthetically active chloroplasts. This
suggests that the etioplast-chloroplast transition in leaves
of ‘Xiaoxueya’ at 15°C was blocked.

Fully developed chloroplasts were observed in leaf of
‘Xiaoxueya’' grown at 20°C (Figure 2C1). The thylakoid
membranes and granal stacking of the chloroplasts
showed no abnormity (Figure 2C2). In leaf of ‘Xiaoxueya’
grown at 25°C, the structures of chloroplasts looked the
same as those at 20°C, except that more chloroplasts
were found (Figure 2D1-2). This indicates that the
development of chloroplast from etioplast in leaf of albino
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Figure 2. Ultrastructures of leaves of two tea cultivars at different temperatures
A. ‘Fudingdabai’ at 15°C; B. ‘Xiaoxueya’ at 15°C; C. ‘Xiaoxueya' at 20°C; D. ‘Xiaoxueya’ at 25°C. ch: chloroplast;
et: etioplast; sh: starch granule; g: grana; s: stroma; t: thylakoid.



tea cultivar ‘Xiaoxueya’ is dependent on the temperature.
Aberrant development of chloroplasts was paralleled by
impairment of chlorophyll biosynthesis (van Hasselt and
strikwerda, 1976; Hodgins and van Huystee, 1986),
resulting in deficiency in pigments (Fambrini et al., 2004).
Because chlorophylls are accumulated in the thylakoid
membranes in the chloroplast, the arrested development
of these membranes would block chlorophyll
accumulation in the albino tea cultivar ‘Xiaoxueya'. This
explains why the albino phenomenon of cultivar
‘Xiaoxueya’' appears in the early spring season when the
temperature is low and the albino phenomenon is
reversible in the late season of the year when temperature
increases.

The albino tea cultivar is considered to be rare and

precious tea germplasm because of its high level of amino
acids in its albino shoots. The problem in the production of
the albino tea is that the albino phenomenon and
chemical composition are changeable. The present study
showed that the leaf colour, chlorophylls concentration
and chloroplast ultrastructures which are closely related to
the albino phenomenon were dependent on temperature.
During harvesting season, if the duration of environmental
temperature of 15°C is prolonged, the quantity and quality
of albino tea shoots produced by the albino tea cultivar
could be increased. It might be a good choice to plant the
albino tea cultivars at high altitude or high latitude areas
S0 as to increase the yield of albino tea shoots.
In higher plants, carotenoids are essential components of
the photosynthetic apparatus and they were involved in
light harvesting and protection against excessive light
energy (Niyogi, 1999). Carotenoids were confirmed to be
related to the formation of aromatic volatiles (Borthakur et
al., 2008) but the relation of carotenoids level to the albino
phenomenon is unknown. It will be helpful to further
understand the albino mechanism of the low temperature
induced albino tea cultivar in relationship to the
biosynthesis of carotenoids and development of the
photosynthetic apparatus. This remains to be further
investigated.
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