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Genetic resources

* Sources of germplasm and collection
* Maintenance, characterization, cataloging, and
e Utilization

* Nepal is very rich in Plant biodiversity (ca 2000 plant species), which
needs to be utilized for the benefit of Nepalese agriculture

* Diversity within species, diversity of different taxa, and diversity of
ecosystem

* For breeding, diversity within species is important


Biodiversity in Nepal_ A brief overview.pdf
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* One of the oldest crops in the world (>8,000

Naked barley years record)

* Healthy nutrition profile
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Vetriventhan, M. et al (2020)

1 LWENUS & SpECIes. WEMLS & PG
Fagopyrum esculentum Amaranthus Spp. Chenopodium gquinoa
; (Buckwheal) (Amaranth} (Quinoa)
&
Family: Poaceae (also Gramineae or true grasses) i
R . S S .
v W - .3
Sub-Family: Panicoidese  Sub-Family: Chiardoideas Slh-Fl'ﬂI]_: Pooideae Sub-Family: Oryroideae
— — J,. e J
W W Tribe: Triticeae Tribe: O
Tribe: Tribe: Tribe: S
ﬂl’rﬂ'wﬂgﬂlﬂﬂﬂ' F'Hﬁll'm El'Eg‘-l:lst ' kL
: . s Genus/Species: Genus/Species:
Triticurm spp. (wheat) Oryza spp. (rice)
."i" -__-_é' T S—r—— _'E?
Genus & Species: Genus & Species: Genus & Species:
= Sorghum bicolor, = Canchrs americanus [previously Pemnisetum glaucum) pearl = Elotsing coracand;
sorghum {guinea millet (bajra in Himdi) finger millet {also
corn) = Fanicum miiaceum: proso millet, common millet, broomcorn ragi, mundua, nachani,
= ea mays: (Maize) millet, hog millet, yellow hog, white millet {chena in Hindi) mandwa in India}
« Coly lacrymal-jobi = Fanicum sumatrense; ittle millet {sama'kutki in Hindi) = Eragrostis tef: teff
job's tears N Selana italica foxtail millet, German millet (kangni/kakum in Hindi)
= Echimochioa spp.: bamyard millet (Jhangora/sanawa in India)
= Faspalum scrobicwiafvm: kodo millet (kodra/koden in Hindi) Major Cereals
= LUrochiva ramose (=EBracivana romasa); hrowntop millet (makra or
murat in India) Millets
= Brachiaria deflexa (=Uvochica deffexa); guinea millet Pseudocereals

Digitaria exalis and D, fwrva, white fonio and black fonio, ralshan,
Polish millet



Crop Scientific name | Chromosome | Domestication Distribution
number

Finger millet

Foxtail millet

Eleusine 2n = 4x = 36,
coracana (L.). AABB

Setaria italica (L.) 2n =2x =18,

AA

Proso millet Panicum 2n=4x =36
miliaceum L.

Little millet Panicum 2n =4x = 36,
sumatrense AABB

Japanese Echinochloa

barnyard millet crus-galli (L.)

Indian Barnard Echinochloa 2n=6x=54

millet colona (L.)

Kodo millet Paspalum 2n=4x=40
scrobiculatum L

Teff Eragrostis tef 2n =4x =40,

AABB

Ethiopia and Uganda

China, Europe and
Afghanistan-Lebanon
China and Europe
India

Japan

India

India

Ethiopia

India, China, Nepal, Myanmar and Sri Lanka;
Uganda, Kenya, Sudan, Eritrea, Zimbabwe,
Zambia, Malawi, Madagascar Rwanda, Burundi
India, China, Nepal Afghanistan, Korea, Japan,
Russia, USA, France

India, China, Japan, Russia, Afghanistan, Iran, Iraq,
Syria, Turkey, Mongolia, Romania, USA

India, Nepal, Pakistan, Sri Lanka, Indonesia,
Myanmar

Korea, Japan, India

India, Africa

Ethiopia, Eritrea, Kenya, South Africa, USA,
Canada, Australia, Europe and Yemen. South
Africa, Morocco, Australia, India and Pakistan
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Fig. 1 Nutrient composition of small millets in comparison with major cereals (100 g edible part at 12% moisture) Source: [13, 46, 148, 185];
http://krishikosh.egranth.ac.in/handle/1/58 10027060




Minor crops are
rich in nutrients
including proteins,
and minerals

TABLE 1 | Nutritional composition of main millets in comparison to major cereals (@ 12% moisture; per 100 g edible portion).

Mutrients Finger Pearl Foxtail Proso Wheat'? Rice (white, Rice (brown, Corngrain Sorghum® Oats? Barlay
millet’2  millet’2  millet'?  millet!-2 milled, medium (white)? (pearled,
raw)! 2 grain, raw)? raw)®
Proximate
composition
Moisture (g) 13.1 12.4 11.2 11.9 128 13.7 12.4 10.4 12.4 2 101
Energy {kcal) 336 361 331 341 346 345 362 365 329 389 352
Protein (g) 7 11.6 12.3 12.5 1.8 6.8 7.5 9.4 10.6 16.9 a9
Fat (g} 1.5 5 4.3 1.1 1.5 0.5 2.7 4.7 3.5 B9 1.2
Total dietary fiber (g) 1.5 11.3 2.4 - 12.5 4.1 3.4 r.a 6.7 10.6 15.6
Carbohydrate [g) 726 G7.5 509 ro.4 7.2 8.2 76,2 743 72.1 66,3 FT.T
Minerals (g 2.7 2.3 33 149 1.5 0.6 - - 1.6 - -
Minerals and trace
elements
Calcium {mg) 350 42 3 14 a0 10 33 7 13 54 29
Iran (mg) 3.9 B 28 0.8 3.5 0.7 1.8 2.7 3.36 4.7 25
Magnesium (mg) 137 137 21 153 138 B4 143 127 165 177 73
Phosphonus {mg) 283 298 290 208 298 160 264 210 222 523 221
Manganease (mg) 5.94 1.15 0.8 0.6 229 0.51 - - 0.78 - -
Mahibdenum (ma) 0,102 0.069 0.7 - 0,031 0.05 - - 0,039 - -
Zine (mg) 2.3 31 2.4 1.4 2.7 1.3 2.02 221 1.7 3.97 2.1
Sodium {mg) ihl 10,9 4.6 8.2 171 - 4 35 2 2 a
Potassium (mg) 408 307 250 113 284 - 268 287 363 429 280
Vitamins
Thiamine (mag) 0.42 0.33 0,69 0.2 045 0.06 .41 0,39 0,33 076 019
Riboflanin (mg) 0,18 .25 0,11 0.18 017 0.06 (.04 0.2 0,096 14 0,11
Miacin (mg) 1.1 2.3 3z 2.3 556 1.9 4,3 36 ay (.96 4.6
Total Folic acid {ua) 18.3 45.5 15 36.6 & 20 20 58 23
Vitarmin E (mal 22 0.5 0.02
1) G
@
{3) LS Nafabase for Standard B i oloase 28 (2

Kumar, A. et al. (2016)




* There is more than >60% reliance on rice, wheat and maize

* They have lower concentration of mineral nutrients

* We need to diversify the minor crops with more micronutrients

* Millets are rich source of such nutrients, which are under-utilized now
* Millets were originated from Africa, Asia, and Europe



Genotyped 579 accessions using 37 SSR to determine the
population structure of Prosomillet

Investigated the total phenolic content and superoxide
dismutase activity
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Figure 1. Population structural analysis results. (a) Determination of the optimal number of subpopulations (K) according
to the values of AK calculated by the Structural Harvester program. (b) Corresponding population structure diagram and
(¢) geographical distribution for K = 3
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Eleusine 8328
Setaria 1142
Echinochloa 307
Panicum 3871
Paspalum 713
Eragrostis 6384
Digitaria 1316
Coix 3
Urochloa 677

28919
38781
7815
24539
4233
638
546
288
102

1476
1486
387
3534
3166
1654
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26
1287

4920
61
16489
55
294
292
42

27

339
60
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537
97
384
4
28

38839
46668
8630
48804
8704
9067
3338
363
34



Core collection of germplasm

Number
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Collected 42 accessions of Prosomillet from

northwestern Nepal.

Shannon-Weaver Diversity Indices calculated
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Analyzed 41 accessions of Foxtail millet collected

from western Nepal.
Shannon-Weaver Diversity Indices calculated

High yielding accessions identified

Dendrogram with Average Linkage and Euclidean Distance

41.53 1

61.02

Similarity

80.51 a

Ghimire, K.H. et.at., (2018)




Diversity analysis of 62 accessions of Foxtail millet
performed using 16 RFLP markers
Identified five distinct clusters based on geographical origin
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Employed barcoding approach in 32 genotypes of
multiple genera of millets from India and Nepal for

conservation
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Karumthina Italian Millet
Senthina (Setaria italica)
Sad ] N

Palantt

91

f
Vellasolum

Sl Sorghum saccharatum
Perumkuthiraivali
Pullukuthiraivah
Sudaikuthiraivali

Kuthirai vaali Introduced Co2
Kuthirai vaali Introduced V3

Pamivaragu

Indian Banvard Millet
(Echinochloa frumemacea)

Proso Millet

Panivaragu-|
; ¥ (Panicum miliaceum)

Karumpanivaragu

psbA-traH

Pe

Pullusamai Little Millet

(Panicum sumatrense)
Sina samai

Sadasama
Vellaperumsama
EE—— 1 T TE T
[r—SUVATIZY Kodo Millet
Siruvaragu-Introduced tPaspalum scrobicularum)
Karumvaragu

Senthalvaragu

Pichikattisariyam

Vellaikevuru

Mangshirckodo Finger Millet
Kalodalla (Eleusine coracana)

Gairagamle
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gshirekodo
CGairagamle
SetoUrcho
Urchokodo
Kalodalla
Kalodalla-1

Finger Millet
(Eleusine coracana)

Ragupathy, S. et al., (2016)

3 Biotech (2016) 6:133
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Table 1 continued

Introduced Sirn varagu
Paspalum scrobiculatum
{CBD2012ZEGRN36)

ns are small, follows a 3 months duration
sistance 1o weed “Malla” (Striga rool parasite)

Powder is not dens
and low nutritious .

0NN T R AR R | \
T

Perum varagu
Paspalum scrobiculatum
(CBD2012EGRNS4)

Powder is dense, grains are large, 6 months duration, straw and
gmim are profitable.

0 0 R R R | i
0 0 A B 3

Karurm varagu
Paspalum scrobiculatum

Grain is husk dark, powder dense, large and stem is shor,

{CBD20N25N41) : 2
|00 A
a0
Ly N

Senthalvaragu Straw is pinkish brown, palatable and is resistant 1o weed “Malla™

Paspalum scrabiculatum (Stirga root parasite)

{CBD20128N43)

. i
|00 00O
S

Sudai thira
Setaria italica
(CBD2012EGRNT3)

[m mination point is black. Nutritious and low yield and ush. l,ood

Nuwew thing
Setaria italica

Germination point is white, Nutritious, high vield and taste is
medium,

{CBD20I2ZEGRNT4)
0 0 0 A | 1
T "
Palanthina Grains white, culturally preferred as food, stem palatable, low yield
Setaria italica
{CBD20125SN15) [ 1
|00 00O
0
000 0RO
Senthina Grain husk red, grains can be stored for a longer time than other
Seraria iralica “thina” Stem stout, withstand the rain and wind blow.
{CBD20125526)

. 1
2

Karumihina
Setaria italica

(CBD20125524)

Grain husk black, grains can be stored for a longer time than other
“thina"; more yicld, Stem stout, withstand the rain and wind blow

OO0 R A i
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Breeding traits

Finger millet  Blast resistance, drought and salinity tolerance, machine harvestable, non-
lodging, and bold grain size

Foxtail millet ~ Blast and sheath blight resistance, non-lodging, bold grain size, and strong
culm for mechanical harvesting

Proso millet Shoot fly and smut resistance, non-shattering, and non-lodging
Little millet Shoot fly resistance, non-lodging, and bold grain size
Kodo millet Shoot fly, head smut and sheath blight resistance, non-lodging, nutrient-

response and drought recovery
Barnyard millet Grain smut, sheath blight and shoot fly resistance, bold grain size, and non-

shattering

Teff Drought tolerance and lodging resistance, desirable grain quality, non-
shattering, and bold grain size

Fonio Non-shattering, non-lodging, early maturity, and bold grain size

Job's tears Non-lodging, smut and leaf spot resistance



Remarks

Parents ) X @
F, ®
0000000000
(1] 90000
FoF, 0000000000
0000000000
0000000000
ox  [IMAIRAIIAMIA
T
NVT 1N I |
i i
VT | | | |
I il
Variety approved for release$
Breeder seed ” '
Pre-basic seed || '
Basic seed “ .
Lead Private State Extension
farmers || producers || producers system

Parents: are selected from natural
accession, mutagenized population or
carlier released varieties

F,: a single seed is grown to generate
thousands of F, seeds

F,-Fg Single seed promoted from
previous generation is sown. Number of
starting materials at F, are 500.

ON (Observation Nursery): each selected
line is sown on a single row of one meter
long.

PVT (Pre-Variety Trial): selected lines are
sown on lm x lm plots with a minimum
of two replications and five locations.

NVT (National Variety Trial): selected
lines are sown on 2m x 2m plots with
minimum of two replications and 10
locations.

VVT (vaniety verification Trial): a
candidate variety for the release is sown
on 10m x10m plot along with local and
standard check at least at six on-station
and on-farm sites.

Breeder seed: is the first generation of
seed sown in large area under strict
supervision of breeder. Rule: 1) follow
rotation, 11) minimum distance: 10 m

Pre-basic seed: 1s the second generation
after variety release sown in large scale
under strict supervision of breeder. Same
rule to breeder seed.

Basic seed: the last generation grown
under strict supervision of breeder before
providing to potential stakeholders. Same
rule to breeder seed.

Dissemination of seeds through public and
private mstitutions including farmers.

Number

No. of Released Variety

Finger millet Kodo millet Foxtail millet Proso millet

Barnyard
millet




Finger millet

* A crop of poor people

e Anti-oxidant and anti-aging
properties

* Anti-carcinogenic properties
* Anti-diabetogenic properties

* Prevention of gastro-intestinal
disorder and malnutrition

* Cardio-protective and anti-
hyperlipidemic properties

* Prevention of osteoporosis and
other bone ailments




Genomic sequence resources

genes

Foxtail millet  Setaria italica Yugu1 510 Mb 24,000— Reference
29,000 genome
S. (talica Zhang gu 423 Mb 38,801  Draft genome
Finger millet  Elusine coracana ~ ML-365 1196 Mb 85,243  Draft genome
PR202 1500 Mb 62,348 Draft genome
Proso millet  Panicum miliaceum Acc# 923 Mb 55,930 Draft genome
00000390
P miliaceum Longmi4 887.8 Mb 63,671  Draft genome
Teff Eragrostis tef Tsedey 672 Mb 28,113  Draft genome

DZ-Cr-37
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Resistance Gene Density

1

1.0

0.5

0.0

e}

Nucleotide-binding site Leucine-rich repeat (NBS-
LRR) in Foxtail millet
Three species compared were barley, rice and

foxtail millet
Approach adopted was maximum likelihood
approach
Si05
% % "o Si06

Chromosomal Location

Andersen and Nepal (2017)




Genetic
transformation

* Finger millet: Agrobacterium-
mediated transformation
resulted 44.4% success rate
using embryogenic seeds

* Foxtail millet: 90.7%
transformation rate using
callus

* Fonio millet: About 2.7%
using callus.







Ssummary

* Minor crops are nutritious, we should diversify our food system
* Excellent genetic and genomic resources available for millets

* Available resources can be exploited for further improvement

* We can expand the international collaboration if necessary



Questions?
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