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Impact of Light-induced Changes in Anthocyanin
Coloration Intensity on DUS Test

Yanfang Liu?, Shiquan Shen®', Jianhua Zhang'?, Xiaohong Yang'’?,
Jiangmin Wang"?, Hui Zhang"?, Qingmei Huang"?, Peng Zhang"?, Junjiao Guan'®’

(1. Quality Standard and Testing Technology Research Institute, Yunnan Academy of
Agricultural Sciences, Kunming 650205, China; 2. Kunming DUS Test Station, Ministry of
Agriculture, Kunming, China; 3. Division of Scientific Research Management,

Yunnan Academy of Agricultural Sciences, Kunming 650205, China)

Abstract: Intensity of anthocyanin coloration is a frequently-used characteristics in DUS tests, and its expressions are
susceptible to the change of light intensity. Based on the requirement that characteristics used in DUS tests should be con-
sistent and repeatable in a particular environment, research related to the impact of light-induced changes in anthocyanin
coloration intensity on DUS test is essential to reveal the problems of current DUS tests. Results gained in this study
showed that plants of the same rice variety tested in the given environment had indentical expressions in the same charac-
teristic of anthocyanin coloration intensity, indicating the characteristics were consistent; if plants were tested in environ-
ments with different light intensity, the characteristics had various expressions, especially the results of DUS test dif-
fered from each other. The fluctuation would bring great troubles to DUS test, and it would also obviously lead to prob-
lems for harmonization of variety descriptions. This study proposed approaches for this situation, including deleting char-
acteristics of anthocyanin coloration intensity, making the growing conditions fixed, or making DUS tests of the same
plant genera or species concentrated.

Keywords: DUS test; light intensity; intensity of anthocyanin coloration; characteristics

1 Introduction

In recent years, more and more attention has been paid to intellectual property rights due to the increasing interna-
tional cooperation and exchanges. Plant breeder’s right (PBR), or plant variety protection (PVP) is one form of intellec-
tual property rights. PBR has drawn public interest with the development of marketing of plant varieties . To protect
the legal rights of plant breeders, Chinese government has issued “Regulation of the People’s Republic of China on the
Protection of New Varieties of Plants” (hereinafter referred to as “Regulation”) in 1997. China became the 39th member
of International Union for the Protection of New Varieties of Plants (UPOV) in 1999, and accordingly, new varieties of
plants can be applied for protection in China since then . In accordance with the “Regulation”, PBR is granted to the
plant variety which can be distinguished (D) from any other variety commonly known when the application is filed, and
which is considered as sufficiently uniform (U) and stable (S) ™1, It is noted in UPOV Convention that a variety is de-
fined by its characteristics and therefore those characteristics are the basis for DUS M'*], Besides examining whether a vari-
ety meets DUS criteria, DUS test can also generate a description of variety. Each plant genera or species has an exclusive
set of characteristics in corresponding DUS test guideline [*). These characteristics are generally morphological character-
istics, e.g., plant height, plant width, or physiological characteristics, e. g. , growing period ' 7. The range of ex-

pression of each characteristic in the test guidelines is divided into a number of states for the benefit of description, and

Ji# T : Biomedical Engineering and Environmental Engineering: 21 -27.
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the wording of each state is attributed a numerical “Note” [*). Characteristics can be grouped as qualitative characteristics,
quantitative characteristics, and pseudo-qualitative characteristics based on their different expression ways. Qualitative
characteristics are expressed in discontinuous ways, and these states are self-explanatory and independently meaningful
[e. g., sex of plant: dioecious female (1), dioecious male (2), monoecious unisexual (3), monoecious hermaphrodite
(4)7] . Expressions of quantitative characteristics differ from one extreme to the other, and such differences are continu-
ous, and thus their expression can be recorded on a linear scale [e. g. , width of leaf: very narrow (1), narrow (3),
medium (5), wide (7), very wide (9)7] [**), As a rule, qualitative characteristics are usually independent from environ-
ment, while quantitative characteristics are often polygenically inherited and can be influenced by environmental
conditions 797,

Anthocyanin coloration is one of the most common characteristic frequently used in DUS test. Above 85% DUS test
guidelines adopt one or more characteristic (s) of anthocyanin coloration "1, Anthocyanin coloration can appear in differ-
ent parts of plant, e.g., root, stem, leaf, flower, fruit, seed, etc. Characteristics of anthocyanin coloration include
two kinds: absence or presence of anthocyanin coloration, and intensity of anthocyanin coloration. The first kind is gener-
ally described as “plant part: anthocyanin coloration”, and the states include “absent” (Note 1) and “present” (Note 9)
. This kind of characteristics is absolutely qualitative characteristics. Description for the second kind is “plant part: inten-
sity of anthocyanin coloration. ” This kind of characteristics is quantitative characteristic, and the states include “very
weak (1), weak (3), medium (5), strong (7), very strong (9) .” The states can also be “very weak (1), weak (2),
medium (3), strong (4), very strong (5)” or “weak (1), medium (2), strong (3)” if the span of intensity fluctuation
is small.

Intensity of anthocyanin coloration can be influenced by cultivation conditions, especially light and nutrient, e.g. ,
growth hormone NAA, carbohydrate "'*". Light plays an important role in the formation of anthocyanin. Strong light
can induce more accumulation of anthocyanin ['>'"*), According to requirements of DUS test, any characteristic listed in
DUS Test Guideline should be sufficiently consistent and repeatable in a particular environment ). Since characteristics
related to anthocyanin coloration are frequently used in DUS test, and intensity of anthocyanin coloration can be influ-
enced by light changes, it is of great importance to research the impact of light-induced changes in anthocyanin coloration
intensity on DUS test. Studies on the influence of light changes to the changes of anthocyanin coloration intensity are in-
volved in lots of papers. In contrast, report related to the impact of those changes on DUS test is yet unavailable.

This study conducts research on rice, the most important crop with the largest application and authorization in Chi-
na. In DUS test of rice, there are eight characteristics related to intensity of anthocyanin coloration. Based on the “Guide-
line for the Conduct of Tests for Distinctness, Uniformity and Stability—Rice” (hereinafter referred to as “Guideline”)

0151 | the impact of light-induced changes in anthocyanin coloration intensity on DUS test was analyzed here.

2 Subject and Methods

Two rice varieties were selected in this study. They were Liheizimi and Yunlu 99, marked as Al and A2, respective-
ly. Both varieties are typical representatives of anthocyanin coloration.

The test was carried out in 2009 and 2011. It began in April and ended in October. It was conducted in Yunnan Acad-
emy of Agriculture Science. Seeds were sown in trays for wet seedling nursing in April. One month later, the four-leaved
seedlings were transferred to 30-cm-size pots. Four plants were grown in one pot.

After transferring, plants of the two varieties were grown in three conditions with different light intensity. The three
conditions were marked as Bl (greenhouse condition) , B2 (shelter condition), and B3 (outdoor condition) . Light inten-
sity of the three conditions increases in sequence. Three repeats were set for each treatment.

DUS test was carried out on the eight characteristics of anthocyanin coloration intensity in strict accordance with
“Guideline. ” The eight characteristics are “leaf sheath: intensity of anthocyanin coloration,” “lemma: intensity of antho-
cyanin coloration of keel (early observation),” “lemma: intensity of anthocyanin coloration of area below apex (early ob-
servation) ,” “lemma: intensity of anthocyanin coloration of apex (early observation),” “stem: intensity of anthocyanin

« 4 e
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coloration of nodes,” “lemma: intensity of anthocyanin coloration of keel (late observation),” “lemma: intensity of an-
thocyanin coloration of area below apex (late observation) ,” “lemma: intensity of anthocyanin coloration of apex (late ob-
servation)”, respectively. The eight characteristics were marked from C1 to C8 in order. Observations were recorded,

and each expression state was attributed a numerical “Note” .

Table 1 Treatments

) Bl B2 B3
Variety
(Greenhouse) (Shelter) (Outdoor)
A1l (Liheizimi) Al1B1 Al1B2 Al1B3
A2 (Yunlu99) A2B1 A2B2 A2B3

3 Results

The observations of the eight characieristics were translated into corresponding “Note” . The “Note” was used to
judge the expression states of the eight characteristics of the same variety under the above mentioned environments. The
results indicate that plants of three repeats of the same treatment had the same expression in the same characteristic. In
contrast, for the same variety, the same characteristic had different expressions in environments with different light in-
tensity (Table 2) . Changes in light intensity were positively correlated with changes in anthocyanin coloration intensi-
ty. Environment of B3 had stronger light than Bl and B2, and expressions of anthocyanin coloration intensity in B3 were
the strongest in each characteristics. Figures 1 and 2 also show that intensity of anthocyanin coloration increased from left
to right, or from Bl to B3. Characteristic expressions differed greatly (Table 2, Fig.1 and 2) . Taking characteristic of
“lemma: intensity of anthocyanin coloration of keel (late observation)” (C6) as an example, expression of Liheizimi

(A1) in Bl was very weak (Notel), while expression in B3 was very strong (Note 9) (Table 2 and Fig. 2) .

Table 2 DUS test of the eight characteristics

Expressions and Notes

Characteristics

AlBI A1B2 A1B3 A2B1 A2B2 A2B3
C1 vw (3) vw (3) w (5) vw (1) vw (1) w (3)
C2 w (3) m (5) s (7) vw (1) vw (1) m (5)
C3 w (3) m (5) vs (9) vw (1) w (3) s (7
C4 s (D) s () vs (9) s () s (D vs (9)
C5 m (5) m (5) s () vw (1) vw (1) w (3)
C6 vw (1) m (5) vs (9) w (3) w (3) m (5)
C7 m (5) s (D vs (9) vw (1) w (3) s (7
C8 s (D) vs (9) vs (9) s (7) vs (9) vs (9)

(1) C1-C8 are “leaf sheath; intensity of anthocyanin coloration,” “lemma: intensity of anthocyanin coloration of
keel (early observation) ,” “lemma: intensity of anthocyanin coloration of area below apex (early observation) ,” “lemma.
intensity of anthocyanin coloration of apex (early observation),” “stem: intensity of anthocyanin coloration of nodes,”
“lemma: intensity of anthocyanin coloration of keel (late observation),” “lemma; intensity of anthocyanin coloration of
area below apex (late observation),” “lemma: intensity of anthocyanin coloration of apex (late observation)”, respec-
tively.

(2) In “expressions and Notes,” figures between brackets are Notes; outside brackets, vw means very weak, w:
weak, m: media, s: strong, vs: very strong.
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Al A2
Al1B1 A1B2 Al1B3 A2BI1 A2B2 A2B3

Fig. 1 Anthocyanin coloration intensity of lemma (early observation)

Al E A2

A1B3 A2B1 A2B2 A2B3

Fig. 2 Anthocyanin coloration intensity of lemma (late observation)
4 Discussion

Difference in light intensity will cause fluctuation in the intensity of anthocyanin coloration, and thus has impact on
DUS test. Besides light, other factors, e.g., nutrients can also have impact on accumulation of anthocyanin 1. For
field crop, natural light is difficult to control compared with other factors, and that is why light was chosen as a variable
here.

DUS test is the basis for the granting of plant breeder’s right. Any characteristic used in DUS test should be suffi-
ciently consistent and repeatable in a particular environment **J. In this study, results from three repeats of one treat-
ment were the same, indicating the eight characteristics of anthocyanin coloration intensity were consistent in a given envi-
ronment. However, results of the same characteristic from the same variety in environments with different light intensity
were various. The fluctuation would bring great troubles to DUS test, and it would also obviously lead to problems for
harmonization of variety descriptions. In China, there are 14 stations responsible for the DUS tests of different plant gen-
era or species. The 14 stations are located in different ecological regions, and have different light intensity. Therefore, the
same variety tested in different DUS test stations may have different results, and the results of different varieties of the
same plant genera or species tested in different DUS test stations are not comparable with each other. To solve these prob-
lems, three approaches are proposed here: (D Characteristics of anthocyanin coloration intensity could be deleted in the
DUS test guidelines of field crops. @ Growing condition with fixed light intensity and other environment factors can be
used for certain plant genera or species, e. g. horticulture crops, vegetables, etc. @ For field crops, all the varieties of
the same crop can be tested in one fixed DUS test station to avoid the absence of comparability of results gained in differ-

ent stations.
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Abstract: Panicle related characteristics of rice have close relationship with rice yield. Among the 48 panicle related char-
acteristics of rice DUS test, 8 quantitative characteristics were used to research whether environmental changes had im-
pact on their expression. Results showed that, (Din general, measurements of the 8 characteristics of the same variety in
different environments were visibly different, and when measurements were translated into “notes” according to “DUS
Test Guideline of Rice”, such difference could be narrowed, indicating the 8 characteristics were sensitive to environ-
mental changes, while corresponding expression states and “notes” could weaken such influence; @ from the results of
SPSS statistic analysis, environment factor were less influential than variety factor to the 8 characteristics; @) compared
with previous research, the 8 panicle related quantitative characteristics were less affected by environmental changes than
quantitative characteristics of vegetative growing period; @ “notes” difference of the same variety in different environ-
ments were correlated with significance analysis of environment impact on characteristic expression, revealing the poten-
tial of statistic analysis in checking the availability of results of DUS tests gained from different test locations. To reduce
the impact of environmental changes to characteristic expression, suggestion of fixing the DUS test of the same plant ge-
nus and species in one appointed station was also made in this study.

Keywords: DUS test; rice; panicle related characteristics; environment

1 Introduction

Panicle related characteristics of rice are research highlights and attracts great attention worldwide due to their direct
bearing on rice yield "'?1. Panicle related characteristics include quantitative characteristics, e. g. length or width of grain,
qualitative characteristics, e. g. phenol reaction of lemma, and pseudo-qualitative characteristics, e.g. colour of
glume 1, Generally, quantitative characteristics are sensitive to environment changes '**), That means, expression of
quantitative characteristics can be different in various growing condition. Instead, qualitative characteristics are relatively
stable and are less affected by environmental fluctuation ™',

Panicle related characteristics of rice are also important characteristics in rice DUS test. Among 78 characteristics of
rice DUS test, 48 are panicle related characteristics, accounting for 62% 1. DUS test is to check whether a bred variety
is a new variety in following three aspects: whether the said variety (candidate variety) is distinct (D) in one or more
characteristics from any other varieties known or used in market; whether plants of the said variety are uniform (U) in
every characteristics; whether characteristics of the said variety are stable (S) after continuous growing cycles [**1. Both

uniformity and stability are to test the homogeneity of morphological traits of the said variety, where uniformity empha-
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sized the homogeneity among individual plant in the same time, and stability emphasizes the homogeneity among popula-
tions in different growing cycles !, Obviously, DUS test is the precondition of the authorization of Plant Breeders Right
(PBR) where the variety is applied for protection as a new variety [''%. Besides, DUS test can establish description for
each variety, and provide basis for the exchanges of variety information, especially, the construction of information da-
tabase of plant variety''?1,

Rice is the most important food crop and has the largest application for PBR in China"'*, This study took rice as the
materials, and panicle related quantitative characteristics as the target to research the variation of characteristic expres-
sion in environments with difference of temperature and light intensity, and thus, to explore the sensitivity of panicle

characteristics to environmental changes.

2 Subject & Methods

Rice varieties of Chugeng 27 (A1), Diantun 502 (A2) and Yunlu 29 (A3) were chosen to conduct this study. The
three varieties were bred in Yunnan, and has been used for years in Southern China. Chugeng 27 is suitable to be grown
in areas with altitude of 1500 - 1850, and its growing period can last 170 - 175 days. Diantun 502 can be grown in areas
with altitude of less than 1500, and its growing period is about 155 days. Among the three varieties, Diantun 502 has the
shortest growing period and adapts to warm whether, while Yunlu 29 has the longest growing period and adapts to cool
environment, and Chugeng 27 is in between.

Instead of paddy field, the trials were carried out in the form of pot planting, and thus, treatments in different en-
vironments (greenhouse, shelter and outdoor) were easy to be achieved. In 2009 and 2011, grains of the three varieties
were sown in trays for wet seedling nursing in April. After one-month nursing, four-leaved seedlings were transferred to
pots with 30 cm diameter, and each pot could hold 4 plants. Plants were treated in three different environments, namely
outdoor (B1), shelter (B2) and greenhouse (B3) (Table 1) . The three environments were different in temperature and
light intensity. On average, Bl was around 28. 2°C from 8:00 to 18:00, B2 was 25.5°C, and B3 was 33. 2°C. For each
treatment of each variety, 3 repeats were set to avoid random error. Aside from temperature and light intensity, other

growing conditions were the same, including irrigation, fertilization, disease or pest control.

Table 1 Treatments

. Outdoor Shelter Greenhouse
Variety
(BD (B2) (B3)
Chugeng27 (A1) Al1B1 Al1B1 A1B1
Diantun502 (A2) A2B1 A2B1 A2B1
Yunlu29 (A3) A3B1 . A3B1 A3B1

DUS test were carried out in accordance with “DUS Test Guideline of Rice” (hereinafter referred to as
“Guideline”) . 8 quantitative characteristics, which are panicle related, were measured (Table 2) . Each characteristic
was measured in 20 plants of a variety. The measurements were given corresponding “notes” based on the ranges of ex-
pression states of each characteristic (Table 3) .Expression ranges the 8 characteristics are all divided into 9
states. Taking characteristic of “panicle: length” for example, expression states for the “1 - 9” notes can be described as
“very short (Note 1), very short to short (Note 2), short (Note 3), short to medium (Note 4), medium (Note 5),
medium to long (Note 6), long (Note 7), long to very long (Note 8), very long (Note 9)” . SPSS, a commonly used

statistics software, was also applied to conduct further analysis.

Table 2 8 panicle related quantitative characteristics

No. Name of Characteristics Range of Note
C45 panicle: length 1~9
C59 panicle; number of grains 1~9




