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What can we offer to
sugary world?



Is Diabetes Becoming the Biggest Epidemic
of the Twenty-first Century ?

What are the drivers of diabetes ?
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Introduction

What are the intervention matrix to counter

Soverd 2 redlETE raise in diabetes in Asia ?

Healthy Mantra
Diversified nutritious food and regular exercises
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Diabetes in numbers 2012:
Nature, 485:S2-S3

Economic zones RE“. PEUPLE
10 Percentages and predictions can mask the enormity of the diabetes problem. Large
- v numbers of people with diabetes are unaware they have the disease because they have not
E Uppermiddle g8 y withdiabetes : ; y 2 ’
Rt been diagnosed (shown as the shaded ridge in the country bubbles). The imperative for
ower-middle : S, : : 2
Il Lonermido Proporton of cases public-health professional is to diagnose and treat people as soon as possible.
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Country 2015 Diabetes Incidences 2040 expected Diabetes

incidences

China 109.6 millions out of 1.37 billion population  150.7 millions
India 69.2 millions out of 1.32 billion poulation 123.5 millions

USA 29.3 millions out of 323 million population 35.1 millions

Ricesciencefor a better world




Frequency of Diabetics:
Why is so endemic to Asia?

Prediction by 2035 : 592
million ! e 108 . 422
w . million ) — million
80% of people with . i-/ ==
diabetes live in low- and . 2220 // 2014
middle-income countries £ N _‘__,_a_«r-%/ J B\ = W
WHO iects that § a% é =c=Lower middle-
rojects tha income
diabetF;s fmn be the 7th v
leading cause of death in 2% -
2030 Source:
e e W ™ WHO

Source: International Diabetes
Federation
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Starch being staple food

feeding the world-
major energy source

Wheat
68-94 Gl 70-90 Gl 60-80 Gl

Fourth lar
42% of all calories 60 percent of Staple food for ourth largest

consumed by the the world's food one third of staple food
entire human WWeld[s!

population EEAARELE population

STARCH
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Diet diversification during domestication
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Butardo and Sreenivasulu, International Review of Cell and Molecular Biology (2016)
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Rice seed composition:

Components

Seed Storage Protein

Storage Starch

Non-Starch Polysaccharides

Storage Lipids

Ricesciencefor a better world

Composition
4-11%

85-90%

Trace

0.3-0.5%

Health Benefits

Source of protein and amino acid

Source of calorie
Source of resistant starch
Influences glycemic response

Source of dietary fiber

Source of lipids and fatty acids




Starch digestibility

food in Site of digestion along the intestinal
stomac * tract is a major determinant of
glycemic impact:
. Stm 2:1 1 5 Rapidly digested
- ezt 2 [High Glycemic]
°
o
o Slowly digested
@
° [Low Glycemic]
..
large 7
intestine i Resistant
or colon waste out [Not Glycemic]

M. Morell



Glycemic index rice (GI) responses
in popular varieties

IR &

IR 5 IRGC 10321-1
IR 36

IR 64

IRRI 123

IR 42

IR 2344-P1 PB-2-3-2B::IRGC 39317-C1
IRRI 108

IR 71676-90-2-2::C1

IR 24

IRB5

IRO7F289
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Gl of many of the popular varieties of Asia between 90 - 62.
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Diet based intervention to
tackle diabetes

Bloomberg New Strains of Rice May Help Fight China's Diabetes Scourge f ~ Q

0 New Stramsof Rice May Help » :
Fight China's Diabetes 2«54
Scourge

Glycemiclmpact

The global rise in diabetes
incidences calls for urgent
attention to diet-based

In the Philippines, the International Rice Research Institute, or IRRI, has identified the
genetic basis of a component of starch that may be used to counter the cereal’s glycemic nutritional interventions.
impact -- or propensity to spike blood-sugar, said Nese Sreenivasulu, head of the

institute’s grain quality and nutrition center. Development of staple
grains with healthy

IRRI found in 2012 that the glycemic index, or GI, of rice ranges from 48 to 92 across .
more than 200 varieties from around the world. The sugars of low-GI food are absorbed Carbohyd rates with low Gl
more slowly, resulting in a gradual and sustained release of glucose in the blood, attributes

Yy  rm

reducing the need for a surge of insulin that can eventually lead to insulin-resistance
and diabetes.
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/In vitro GI phenotyping techniques to screen \

large germplasm

Starch structure analysis, starch hydrolysis
index, k-value estimation

Phenotyping tools of glycemic
index prediction in rice

Comparing human starch digestion with
starch mobilization process during seed
germination

Correlating several in vitro GI methods with in vivo GI
results

| —
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Rice diversity for glyemic index response

27 diverse samples

r=0.67
& Elevated amylose 1levels
Qc(Q\ .
oY contributed to lowered GlI.
Glycemic index 1 \O%Q’\
N 4
¥ Increased amylopectin
Q oS .
Amyose 1| -067 | 1 & & contributed to elevate Gl
N S
‘(\;&(\
SEERE SR | S| R &a\f' & Therefore we need to consider
¥ i i
ny starch structure information to
Medium-chain amylopectin -0.5 1 {\,60 ¥ .
&° alter the digestibility of starch
Short-chain amylopectin 0.63 -0.88 -0.94 1 and thus GI'
[ |

-1 -08 -06 -04 -02 0 02 04 06 08 1

Guzman et al., 2017 Scientific Reports
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Glyemic index — Starch structure
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Glyemic index — phenotyping tools
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Glyemic index — phenotyping tools
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Summary of differentiating
parameters for three GI categories

Parameters Low GI Intermediate Gl High Gl

In vitro glycemic index measurement
< 55 Predictive glycemic index value o (@] o

<0.025 digestion rate constant (k value) ()

0]
®)

Mature grain (Day 0)

> 2% Resistant starch () (@) 0]
> 15% Amylose 1 (DP > 1000) () (0] (@)
> 10% Amylose 2 (DP 121-1000) [ ) o ®)
2 50% Short-chain amylopectin (DP 6-36) @) (] ()

Positive results are marked with (®) and negative results with (0)
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SCIENTIFIC REPg}RTS

OFEN Investigating glycemic potential of
‘rice by unraveling compositional
‘variations in mature grain and
s starch mobilization patterns during
et seed germination

Maria Krishna de Euzrnanﬂ Sabiha F"arween]', Vito M. Butardo "5; Crisline MaeAIharnbralr

\ Roslen Anacleta(?)?, Christiane Seiler’, Anthony R. Bird®, Chung-Ping Chow"*® & Nese
1

. Sreenivasuly
\ Ricelines with slower starch digestikility provid e oppertunities in mitigating the global rise in type Il

. diabetes and related non-communicable diseases. However, screening for low glycemic indesx (Gl) in rice
. breeding programs is not possible dwe to time and cost constraints. This study evaluated the feasibility

| of using in vitro cooked grain amylolysis, starch mobilization patterns during seed germination, and
wariation in starch strecture and composition in the mature seed to differentiate pattems of starch

. digestibility. Mobilization patterns of total starch, resistant starch, amylose and amylopectin chains,
and free sugars during seed germination revealed that the processis analegous to digestion in the

. human gastreintestinal tract. The combination of these biochemical markers can be used as an

© alternative measurs to predict Gl. Additionally, transcriptome analysis of stored mRMNA transcripts

in high and low Gl lines detected differences in starch metabolism and confirmed the importance of

. seed storage pathways in influencing digestibility. Pathway analyses supportad by metabolomics
 data revealed that resistant starch, cell wall non-starch polysaccharides and flavonoids potentially

| contribute to slower digestibility. These new insights can guide precision breeding programs to produce
. low Gl rice with acceptable cooking quality to help mitigate the burden of diet-associated lifestyle

. diseases.

Acknowledgements

This research was supported by grants from the Indian Council of Agricultural Research, Taiwan support from
Council of Agriculture (COA) and Ministry of Foreign Affairs (MOFA) and the Global Rice Science Partmership
CGIAR research program. We acknowledge Adoracion Resurrecion and Irene Samson for the preliminary starch
structure analyses which were subsequently verified by MEDNG in this study, Mandy Peeffeld for her assistance
during the conduct of the RNA microarray experiments and Tobias Kretzschmar and his group for their
assistance in the germination experiment.

Ricesciencefor a better world




/Best combination of invitro GI phenotyping \

techniques to screen large germpsams

Use of high throughput genomics resources

Genetics of glycemic index
In rice

Genes based markers to undertake marker
assisted selection

\Glycemic index mechanisms — unravel pathways /

Wy @ R
:
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Glyemic index — Starch structure
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Rice diversity for glyemic index response
Starch structure analysis

aml mc_ap
A e ] g
1.00 - g o
090 1 38 e
° ° - l T T T T ]
070 ‘ ‘ ‘ ‘ ‘ 20 22 24 26 28 30
. T 0 5 10 15 20 »
g datal, i + 2] datal, i + 2]
T 0.60 - am2
g . |
Z 050 o | . y
e
w 1
& 2 .
® g
E 0.40 % - A
) £ :
2 ] :
0.30 ) m £ g
0.20 cor 1 3
e \WaXy
45 50 55 60 65 70 75
0.10 = High Amylose A
0.00 - - : . |
10000 1000 100 10 1

Degree of Polymerisation

Butardo et al., Plant Physiology (2017)



GWAS: genetic regions influencing % amylose and % amylopectin
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Chromosome 6, TGAS of starch structure on GBSS1
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GWAS of starch structure on chromosome 7
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TGAS of starch structure on bHLH
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Low glycemic index red coloured rice
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Low glycemic index red coloured rice
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IR36 amylose extender (IR36ae)
a low GI mutant
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Guzman et al., Scientific Reports (2017)



Metabolioc responses of IR36ae

low GI mutant
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Retrogradation impact on lowering GI
response of varieties

IR65 (low amylose) IR36ae (high amylose)
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IR36ae (amylose extender)

e Mutantrice, low glycemic index

* Undesirable to use it as cooked rice due to its
hard and rough texture and fast rate of
retrogradation
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IR36ae application in rice noodles

75% IR36ae, 25% IR64
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Predictive glycemic index responses of IR varieties and pre-breeding
material: International Rice Research Institute

IR-prebreeding material
IR-prebreeding material
IR-prebreeding material
IR 77298-14-1-2-10

IR 6 (ACC 51504)

IR 4630-22-2-5-1-3

IR 65482-4-136

IR8

IR 5::IRGC 10321-1

IR 36

IR 64

IRRI 123

IR 42

IR 2344-P1 PB-9-3-2B::IRGC 39317-C1
IRRI 108

IR 71676-90-2-2::C1

IR 24
IR 65
IR 07F289
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Rice seed composition intervention
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Rice seed composition intervention

*Reduce diabetes Increased _ +Prevent colorectal
incidences Resistant cancer
*Prevent non- | Starch *Healthy bowel
communicable v——— function
diseases Lower Glycemic Impact
v\ Enhanced Satiety
| High High
\ \ .
amylose \ protein  «prevent Celiac
'\ Disease
e e oGIuten
Intolerance
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Modifying Glycaemic potential of Rice

We have the background information and tools to modify glycaemic index and
resistant starch content in rice

Established alternative phenotyping tools to estimate starch structure predictive
glycemic index, %amylolysis, rapid digestable carbohydrates and resistant starch in

rice core collection

Genetic basis of starch structure is established and major haplotypes identified on
chromosome 6 and 7

Identified rare accessions with lower glycemic index and higher resistant starch in
rice pools

Pre-breeding initiatives are underway to create targets related to low Gl and
moderate resistant starch in Sambha Mahsuri-sub1 background

Investment is needed to generate non-GM solutions that have no yield penalty and

are accepted by consumers

i
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