ANTHOCYANIN QUANTIFICATION AND MOLECULAR PROFILING OF
GENE CONTROLLING PIGMENT IN CENTRAL LUZON STATE
UNIVERSITY PIGMENTED RICE GERMPLASM

REYNIEL R. AQUINO

An Undergraduate Thesis M anuscript Submitted to the Faculty of the Department of
Crop Seience. College of Agriculture, Central Luzon State Unive rsity,
Science City of Mufioz, Nueva Ecija, Philippines
in Partial Fulfillment of the Requirements
for the Degree of

BACHELOR OF SCIENCE IN AGRICULTURE
(Crop Science - Agronomy)

JUNE 2619



ACCEPTANCE SHEET

This undergraduate thesis cntitled “ANTHOCYANIN QUANTIFICATION
AND MOLECULAR PROFILING OF GENE CONTROLLING PIGMENT IN
CENTRAL LUZON STATE UNIVERSITY PIGMENTED RICE GERMIPLASM”.
prepared and submitied by REYNIEL R. AQUINO, in partial fulfillment of the

requirements for the degree of BACHELOR OF SCIENCE IN AGRICULTURE
(CROP SCIENCE - AGRONOMY), is hereby aceepted:

e
ﬁ e Og.
, LW
MARCIAL A GONZALES, M.Se. JOHN DAVE C. AQUINO, M.Sc.

Adviser Critic

Otg - 14 —19 _ 0L-14-19
[Date Signed

Date Signed

S
s [
e

[ ) NT 'f .
ACE MUGSSY L. AGUSTIN, M.Sc.
Department Research Coordinator

SR s v R
Date Signed

Accepted as partial fulfillment of the requirements for the degree of BACHELOR
OF SCIENCE IN AGRICULTURE (CROP SCIENCE — AGRONOMY):

' [ay
Rt}ﬁlc,mm T. TAPIC, Ph.D. EDILY"‘L\% LANSANGAN, Ph.D,
Chair, Départiment of Crop Science College Research Coordinator
h=M-W G-14-19
Date Signed Date Signed

el

ERNESTO A. MARTIN, Ph.D.
Dean, College of Agriculture

C—_ /s _ro
Date Signed




BIOGRAPHICAL SKETCH

KReyniel Ramirez Aquino was bom on November 12, 1998 in Unzad, Villasis,
Pangasinan. Ie is the third of the four children of Mr. Reynaldo B. Aquino and Mrs. Regina
R. Aquino.

He tinished his elementary education at the STARS Educational Center Inc. in 2011
as fourth honors. He also finished his secondary educalion at the Unzad National High
School in 2015 as class Valedictorian. The author is not only academically inclined but
also experienced in music and arts. He also became a student leader elected as president of
the Supreme Student Government during his last year in high school. In 2015, he was
admitted at Central Luzon State University, Science City of Mufioz, Nueva Ecija under the
Bachelor of Secience in Agriculture program Major in Crop Science specializing in
Agronomy. Aside from his academics, he also engaged in extra-curricular activities and
participating national quiz contest. He was also a former president of a college-hased
organization, Society of Crop Science Majors. In 2017, he graduated with Certificate in

Agricultural Science during his second year in college.

iii



ACKNOWLEDGEMENT

he author wishes to express his profound and deepest gratitude to the following
persons and imstitution that have provided their assistance and provision for the completion
of this thesis.

The Research Office Central Luzon State University, for providing pigmented rice
seeds and experimental area for the conduct of this study, Likewise, the provision to use
their Analytical laboratory was a great service they had provided to finish the laboratory
experiments with excellent outputs.

For this, deepest gratitude is due his research adviser, Mr. Marcial A. Gonzales,
M.Se. for his scholarly advice, moral su pport, encouragements and significant
contributions throughout the conduct of this study. Moreover, his concern as an adviser,
and in making himself available despite his busy schedule, deserves wholehearted credit.

Likewise, profound gratitude is due to his research eritic, Mr. John Dave C. Aquino,
ML.5¢., for his brilliant ideas, moral support, encouragements, and for giving constructive
criticisms on the paper making this study more reliable. In addition, he is grateful for the
provision of DNA primers for free that was used in this research.

To the college dean, Dr. Ernesta A. Martin, for his motivation and concern for the
success of the author. To all the faculty members under the Department of Crop Science,
it it were not for them, this paper would have never materialized.

To Mr. Rodel Bulatao and Mr. Mark Aldren Feliciano, he would like to express his
gratitude for being his research consultants on the anthocyanin quantification part of this

study. Likewise, to Ms. Paula Gaban, he is very grateful for guiding and helping him to

v



finish his laboratory experiments with excellent outputs, To Prof. Paulina Alvaran, he
would like Lo give a big thanks for providing the plant height data, soutce of the germplasm,
and for her moral support. To Mr. Xavier Caguiat, he is grateful for his assistance on
analyzing the diversity of the germplasm of this study,

To his parents, Mr. Reynaldo B. Aquino and Mrs. Regina R. Aquino, he would like
to thank them for their unending love and support. He is grateful because without their
help, prayers and support financially and morally this will not be achieved.

To Ate Reynalyn, Kuya Reymark, Tita Maricel. Tita Ria, Uncle Jeorge, Uncle
Marlen, Tatay Joc and Nanay Openg, for their moral support, words of encouragements,
and also for helping him to finish his grain and vield data. He could not achjeve this without
their help.

To the Research Office laborer staffs, Ate Ise, Kuya Benny, Kuya Allan, Kuya
Bani, Kuya Von, Kuya Tiboy and Kuya Albert, he would like to express his sincere
thankfulness for supporting, guiding and lending their help all throughout the conduet of
this study.

To his best friends, Fdelyn, Heron Ace, and Bobby. for their moral support,
encouragement and help during the conduct of this study. Likewise, to his brothers and
sisters of the Society of Crop Science Majors (SCSM), for their moral support and effort
that they gave for him.

To David Training Apartment, to Kuya Marvin his cell leader for mentoring him,
for the piece of advice for giving hope and encouragements in times of down situations.
To his brothers in Christ, Bro. Stephen, Bro. Robert, Rro. EL Kuya Rudy, Kuya Ponce,

Kuya Rey, Bro. Matthcu, Kuya Lenard, and Bro. Ivan, he is very grateful to all of them for



their prayers and love, for cheering him up when he was struggling in his academics and
thesis conduct.

To Ms. Aira M. Soriano, for her unending love and moral support, he would like to
express his profound gratefulness for being an inspiration and for cheering him up all
throughout the conduct of this study,

Above all, he would like to give a profound gratitude to the Lord for His enabling
grace. For the countless wisdom, provision, good health, blessings, and favor everyday and
for giving him opportunities in life.

To all of them, this humble piece of work is dedicated. To God be the glory.

vi



TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF APPENDICES

LIST OF APPENDIX TABLES
LIST OF APPENDIX FIGURES
ABSTRACT

INTRODUCTION

Statement of the Problem
Significance of the Study
Objeetives of the Study

Time and Place of the Study
Scope and Limitation of the Study

REVIEW OF RELATED LITERATURE

The Rice Plant

Specialty Purpose Rice

Pigmented Rice

Phenolic Compounds in Pigmented Rice

Genes Involved in Anthoeyanin Biosynthesis in Black Rice
Structural Genes for Black Rice

Regulatory Genes for Anthoeyanin of Black Rice

Grenes for Pigmentation and Inheritance Pattern in Pigmented
Rice

Molecular Markers

Merphological Characterization in Pigmented Rice

vii

PAGE

Xiv

XVi



METHODOLOGY

Plant Materials
Crop Management

Irrigation

Fertilizer application
Pest management
[larvesting

Data Gathered

Anthocyanin Quantification
Molecular Characterization
Morphological Characterization
Yield Parameters

Data Analysis

RESULTS AND DISCUSSION

Climatic Condition

Anthocyanin Content of Rice Bran Samples

Molecular Profiling of Gene Controlling Pigments
Morphological Traits of the Pigmented Rice Germplasm
Clustering Analysis

Agronomic and Grain Characteristics

Days to maturity

Plant height

Panicle length

Cirain length

Grain width

Number of filled spikelets per panicle
Number of unfilled spikelets per panicle
Total number of spikelets per panicle
Percent filled spikelets

Number of productive tillers

Number of unproductive tillers

viii

16

16
17

17
17
18
18

18

18
20
22
27

29

29
30
33
36
a4
47

47
47
49
49
50
52
53
53
54
55
55



Grain weight per panicle
1,000-grain weight

Computed Yield (tha) at 14% MC

SUMMARY, CONCLUSION AND RECOMMENDATIONS

LITERATURE CITED
APPENDICTS

1%

56
57
58

Bl
64



TABLE

fi

3

14

LIST OF TABLES

Twenty CLSU pigmented rice accessions

Correlation mairix between total anthocyanin content
(mg/g) and computed yield (t ha'®)

Shannon Wicner Diversity Index on the morphological
traits observed on the twenty CLSU pigmented rice
germplasm

Morphologcal traits of the CLSLT pigmented rice
germplasm

Clustering of 20 CLSU pigmented rice accessions based on
morphological traits

Days to matunty of the CLSU pigmented rice germplasm
Plant height (cm} of the CLSU pigmented rice permplasm
Panicle length (em) of the CLSU pigmented rice germplasm
Grain length (mm) of the CLSU pigmented rice germplasm
Grain wadth (mm) of the CLSU pigmented rice germplasm

Number of filled spikelets/ panicle of the CLSU pigmented
rice germplastn

Number of unfilled spikelets/ panicle of the CLSL
pigmented rice germplasm

Total number of spikelets/ panicle of the CLSU pigmented
rice germplasm

Percent filled spikelets of the CLSU pigmented rice
germplasm

PAGE

16

4

47

48

53

54

33



17

18

Number of productive tillers of the CLSU pigmented rice
germplasm

Grain weight per panicle (g) of the CLSU pigmented rice
germplasm

1,000-grain weight (g) of the CLS pigmented tice
germplasm

Computed yield (ton ha') at 14% MC of the CLSU
pigmented rice germplasm

x

36

57



FIGURE

1

B8]

Y

1C

LIST OF FIGURES

Agro-climatic condition during the rescarch conduct

Total anthocyamin content (mgC-3G/g) of twenty pigmented
rice germplasm with control samples CLS 1, CL1 and JM?2

Rice seed color and electrophoresis profiles of B, Re, and
Ha penes.

Basal leaf sheath colors on some germplasm
Ligule colors on soimne germplasm

Awn color and apiculus color during early observation and
awning distribution on some germplasm

Panicle type and exsertion on some germplasm

Lemmu and palea color during carly and late observation on
some germplasm

Dendrogram using UPGMA for hierarchical clustering
method representing distribution of 20 CLSU pigmented

rice accessions based on morphological traits

Grain variations among the CLSU pigmented rice
permplasm

X1

PAGE

29

30

39

40

46

50



LIST OF APPENDICES

APPENDIX PAGE
[ Genomic DNA Extraction 73
Il Preparation of Buffer Solutions for DNA Fxtraction 74
111 Preparation of Buffer Solutions for el Elestrophoresis 76

Xl



APPENDIX TABLE

1

1=J

LN

L0

11

15

16

LIST OF APPENDIX TABLES

Structural genes involved in anthocyanin biosynthesis
pathway in rice

Regulatory genes involved in anthocyanin biosynthesis in
rice seed pericarp

Gene-controlling pigments and corresponding primers

Analysis of variance on total anthocyanin content (mgC-
30/g) of twenty pigmented rice bran samples

Anthocyanin content of the non-pigmented and pigmented
rice bran samples

Distance matrix on the CLSU pigmented rice germplasm
Analysis of variance on plant height (¢m)

Analysis of variance on panicle length (cm)

Analysis of variance on grain length (mm)

Analysis of variance on grain width (mm)

Analysis of vanance on number of filled spikelets/ panicle
Analysis of variance on number of unfilled spikelets/panicle
Analysis of vatiance on total number of spikelets/ panicle
Analysis of variance on pereent filled spikelets

Analysis of variance on number of productive tillers

Analysis of variance on grain weight per panicle (g)

Xiv

PAGE

77

77

78

78

79

&0

a1

81

81

81



17 Analysis of vanance on 1, 000-grain weight (g) 83

18 Analysis of variance on computed yield at 14% MC (tha") 83

MY



APPENDIX FIGURE

[

Lad

9

10

11

LIST OF APPENDIX FIGURES

The anthocyanin biosynthesis pathway in rice

Rice grams and pericarps of the CLSU pipmented
rice germplasm

Dehulled grains of non-pigmented rice {control)
Anthocyanin extraction

Molecular charagienzation

In variation of blade pubescence, collar color, auricle
color, internade color, sterile lemma color, and gram
s1ze of CLSU pigmented rice germplasm

Variation ol basal leaf sheath color, blade color,
blade angle, ligule shape, culm angle and grain shape
of CLSU pigimented rice germplasm

Variation of awn color (early and late observation),
awming distnbution, lemma & palea pubescence, and
apiculus color (early and late observation) of CLSU
mgmented rice germplasm

Vanation of panicle type, panicle exsertion, and
lemma & palea color (early and late observation) of
CLSU pigmented nee germplasm

Morphological charactenization and field activities
Grain and yield component

Agronomic charactenstics of the twenty pigmented
rice germplasm

XVl

PAGE

84

a6

87

&8

&9

G0

91



ABSTRACT

AQUINO, REYNIEL R., Department of Crop Science, College of Agriculture,
Central Luzon State University, Science City of Mufioz, Nueva Eeija, Philippines, JUNE
2019, ANTHOCYANIN QUANTIFICATION AND MOLECULAR PROFILING OF

GENE CONTROLLING PIGMENT IN CENTRAL LUZON STATE UNIVERSITY
PIGMENTED RICE GERMPLASM

Adviser: MARCIAL A. GONZALES, M.Sc.

Pigmentation in rice pericarps is governed by Rd, Re, and Ra genes, and the
presence or absence of these genes determines the variation of anthocyanin deposition in
rice pericarps. The twenty pigmented rice germplasm of Central Luzon State University
were genetically profiled and total anthocyanin content was obtained as well as apro-
morphological characterization was observed. This study aimed to (1) determine the
anthocyanin content of the different pigmented rice accessions, (2) profile selected gene
(Ke, Rd, and Ra) controlling pigmentation in rice, (3) morphologically characterize the
twenty CLSU pigmented rice germplasm and (4) determine the grain yield component.

The accessions that obtained the highest total anthocyanin content were from
Ominio and Bongkitan PG It was also observed that high amounts of anthocyanin were
obtaimed from purple pericarps, significani amounts on red and brown pericarps and
negligible amounts on white rice pericarps. Moreover, Rd genc was amplified on all
accessions except for Escalante. Whereas, Re gene was amplified at different expected
products on all the accessions. While, Ra gene was amplified on all accessions except for
Escalante and the non-pigmented accessions. Further, seven groups were observed in the

dendrogram generated from morphological characterization, Consequently, the selection
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of two accessions belonging to separate groups in the dendrogram can be used by breeders
for crossing more diverse parents for better variability among their progenies.

The phenotypic and genotypic data gathered from this study provides a valuable
information that can be used as basis for selection of accessions with high yielding ability
and high anthocyanin that could be reproduced as a source of special rice with healthier

benefits or more nutritious than ordinary rice.

Keywords: pigmented rice germplasm; anthocyanins; purple rice; red rice
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