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Rice Is Produced All Over the 

World 



Percent of Daily 

Calorie 

Consumption 

Coming From Rice 



 

Where Rice is Produced in the United States 

 

 

Arkansas County 



Arkansas is Famous for Its Rice 

Production 



DBNRRC is Responsible for Maintaining the USDA Rice World Collection – 

18,000+ Cultivars From Around the World 



Agronomic Characterization of 

USDA World Rice Collection 



Most Commercial Rice Varieties Have Brown Colored 

Bran but There are Other Bran Colors in the World 

Collection 



Seed of the World Rice 

Collection is Produced and 

Distributed to National and 

International Researchers  



Rondo a rice variety developed by USDA ARS has 

resistance to all biotypes of blast disease found in 

the USA. 



New Sources of Blast Disease Resistance Have 

Been Found in the World Rice Collection 

Rondo 

Francis 



Straighthead is a physiological disease that 

causes the seedhead to be sterile 

USA Cultivar 

Cocodrie - Susceptible 

Jing 185 Cultivar from 

China - Resistant 



Since 2003, the Genetic Stocks-Oryza (GSOR) 

Collection has grown to include 36,629 accessions. 

 

Types of entries: 
 

  14 Mapping populations  

  10 Specialized collections 

  30 Genetic mutants 

 

Nipponbare – exact source that was sequenced in 

2005 International Rice Genome Sequencing 

Project, available to researchers for genomic 

research. 

Genetic Stocks Oryza (GSOR) Collection 

A collection of over 36,000 rice accessions used in genetic studies. 

Mutant 

has gene 

for  extra 

set of 

hulls. 

Mutant 

has gene 

for 

clustered 

spikelet. 

Mapping population 
Gold leaf mutant 

Core Collection 



Since 2004, we have distributed over 40,000 rice 

genetic stocks to researchers around the world.  

Genetic Stock-Oryza (GSOR) Collection 



Rice genetic stocks provided by GSOR have been 

used in research published in many scientific 

journal articles.  



Kernel Smut – A Disease That Goes 

Undetected Until Its Too Late 



Determining the Amount of Kernel Smut 



False Smut 

Affects Rice Yield and Quality 



 

Dr. Jia (ARS) visiting with hybrid researchers in  

China on False Smut Disease 



Experimental plot yield trials to identify high-

yielding genetic lines from the World Collection 



With Pi-ta resistance gene Without Pi-ta resistance 

gene 

Blast is a serious disease in rice growing areas worldwide.  

The Pi-ta blast resistance gene in rice plays a central role 

for protection of rice in the Southern US.  



A 

C 

B 

DNA marker analysis can help breeders introduce the resistance 

gene Pi-ta into their new cultivars. A. breeding line fixed for the Pi-

ta/Pi-ta resistance gene, B. breeding line fixed for the susceptible 

gene pi-ta/pi-ta and C. breeding line still segregating for resistance 

and susceptibility. 



Recent studies show that the blast fungus can grow in resistant 

cells but without showing signs of disease.  This shows growth 

of the blast pathogen in the rice leaves 36 hours after 

inoculation.   

Resistant rice cell 

Susceptible rice cell 

Fungal 

hyphae 



0 1 2 3 

A detached leaf inoculation method is used to examine 

resistance to the rice blast pathogen.  A spore suspension is 

used to inoculate a detached leaf (left) and response to the 

disease is measured after a few days. This method 

differentiates resistant from susceptible plants.  

Resistance Susceptible 



Pi-ta 

AVR-Pita176 

Defense genes are activated 

Novel protein 

Blast spore 
Plant plasma  

membrane 

Inside the cell 

? 

Resistance 

The blast spore introduces an elicitor into the plant 

cell that binds with a protein produced by the 

plant’s Pi-ta resistance gene. This activates a 

defense response by the plant.  

A working model of Pi-ta gene mediated blast resistance 



Research Associate Dr. Stefano Costanzo analyzes DNA 

fragments to determine the function of different proteins 

produced by a single gene in rice. 



Dr. Yulin Jia, Molecular Plant Pathologist, developed 20,000 

random mutant lines from an adapted US long grain cultivar 

Katy to determine the function various genes. 



Biological Science Lab Technician Michael Lin evaluates 

resistance of rice after the plants were treated with the blast 

pathogen in a greenhouse. 



Summer student Mr. Eli Eggerman loads DNA samples into a PCR 

machine for DNA amplification to study mechanisms of disease 

resistance. 



3-1 
3-2 

3-3 
3-4 

Yeast has been used to identify important genes for the 

control of rice disease.  Positive interacting proteins are 

blue, negatives are white. 

 



DNA 

sequences are 

being used to 

study the 

evolutionary 

origin of red 

rice in the US 

– a possible 

source of new 

pest 

resistance 

genes 

Red rice in the field 

DNA sequence alignment 



B5 TM2 

B6 60/1-5 

Diverse isolates of rice blast pathogen show 

different amounts of fungal growth after 5 days of 

culture  



Nutritional 
Properties 

Storage stability 
of whole-grain 

Rice Grain 
Functional 
properties 

Research Projects on Grain Quality 

Ming-Hsuan Chen heads the 
research on grain quality  



 

Rice Grain Quality 

Rice grain image: 

http://www.mkmelite.com/agro.p

hp 

Cooked rice functional properties: 

hull 

bran 

germ 

Endosperm 

(milled rice 

grain) 

Paste viscosity Amylose Texture 

Association with 

Waxy gene 

sequence variation 



Nutritional properties: 

• Vitamin E compounds and 

oryzanol are antioxidants in 

whole grain rice and have 

health benefits.  hull 

bran 

germ 

Endosperm 

(milled rice 

grain) 

 

Rice Grain Quality 

Rice varieties 

with high 

concentrations 

found: 

Opportunity to 

enhance 

quality 



Rice of Different Bran Color Varies in 
Polyphenol Contents and Antioxidant Capacity 
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Pigmented Rice Contains Bioactive Compounds   

Proanthocyanidins Anthocyanins 



Cereal Chemist Rolfe Bryant leads the Stuttgart 
program identifying value-added grain traits. 



Weighing rice flour samples to determine amylose content 



Amylose content determines the stickiness of rice. 

Long grain rice usually has high amylose and it is 
less sticky, compared to short grain rice. 



Isolating rice protein fractions. 



Weed Physiology Group 

Dave  

Gealy 

Angie 

Hodges 

Adrian 

Peters 

Howard 

Black 

Bill 

Luebke 



Drew rice Rondo rice 

Identification of Cultivars that Naturally Suppress Barnyardgrass  

Stuttgart, AR, 2007  

 

 

David Gealy, Plant Physiologist 

Weeds 



Dehulled 

   Rice                Red Rice  

Milled 

Presence of red rice in commercial fields decreases the 

quality of the milled product 



Pink-awned rice as a result of an 

outcross 

Identifying traits to distinguish outcrosses between cultivated and 

red rice 



Collecting Seed from Red Rice Biotypes 



Red Rice Outcrossing Test 

Red Rice     Red Rice     Red Rice     Red Rice 

Rice            Rice              Rice     



Blackhull red 

rice hybrid:  

 pink awns, 

red stem 

Strawhull red 

rice hybrid:  

 matures late, 

green stem 



Finding rice varieties with weed 

suppressive abilities 

(allelopathy) 



C-13 Analysis can Measure Root Distribution  

of Weed and Rice Mixtures 

12CO2 

13CO2 

C3 rice  C4 barnyardgrass 

98.9% 

1.1% 

100%  

Rice 

100%  

BYG 

Gealy and Fischer, 2010  

Analysis with 

‘isotope ratio mass 

spectrometer’ 



 

Adrian harvests leaf samples for DNA analysis 



Angie prepares rice leaf samples for DNA 

extraction  

 



 

Adrian and Angie harvest rice leaves 

 for DNA marker analysis 



Bill Luebke and Howard Black pour  

agar for root development assays  



Evaluating competitive traits  

of rice roots in agar assays 





PI312777 

Root Scans in Agar:  
 

Katy 

Original 

scan 

Root  
diameters 

grouped by 
color 



Herbicide-Resistant Hybrid Red 

Rice Weeds From Arkansas Farms  

 



Screening for Herbicide-Resistant  

Red Rice-Crop Rice Hybrids 

Non hybrids die Hybrids survive 



Red Rice-Crop Rice 

Outcrossing 

 
Red  

Rice  

  

Rice 

Crop  



Weedy Red Rice  

Infestation 



Weedy Red Rice 

 



Red Rice Weeds 

Pictures courtesy 

 of Shivrain 



Increasing mesocotyl length  

enhances seedling vigor.  

Rice with long mesocotyls emerges 
faster allowing it to establish stands 
and begin tillering. Standard U.S. 
semidwarf rices have short 
mesocotyls, reducing seedling vigor. 



12 

6 5 

9 

4 2 

200 

7 

3 

8 

10 

11 

1 Pest Resistance 
Seedling Vigor 
Grain traits 
Yield components 
Plant Architecture 

Locating where important genes are on the 12 chromosomes of rice helps breeders 

to efficiently incorporate desired genes into improved rice varieties.  

Genetically Mapping Rice Genes  



The USDA-ARS maintains a Core Germplasm Collection 

comprised of 1800 rice lines originating from around the 

world.   This set of lines is proving to be highly useful in 

identifying new genes for important traits 



Within the USDA Core Collection, Dr. Pinson and 

crew are finding some rice cultivars that are more 

nutritious because they are high in nutrients like  
iron, zinc, and magnesium.  

Improving the Nutritional Quality of Rice 



Cypress = Fissure Resistant 

.   

LaGrue = Fissure Susceptible 

 

Rice that resists fissuring (cracking) breaks less  

during dehulling and milling. 

 

More whole kernels = more income for producers, millers, and marketers. 



Increased production of early tillers 
can increase rice yields and grain 

quality. 

6 tillers + main stem 3 tillers + main stem 



Discovering genes that enhance 

early tiller production. 



Methods to identify sheath blight resistance 

 in rice wild relatives 

Toothpick inoculation Detached leaf evaluated 

Micro-chamber method 



Counting the number of tillers 



Dr. Eizenga’s Field crew 



Variation in rice seed 



Adding an Extra Chromosome Changes Rice Plant 

Growth and Development 

Normal plant 

Rice Cytogenetics 



Rice chromosomes as seen with a microscope 

Rice has two sets of 12 chromosomes, 

one set from each parent 

  

Root tip pictures: 

 blue = rice chromosomes 

 red = a) nucleolar organizer region or 

b) centromere  

(Khush et al., 1984) 

a 

b 

Anther in pachytene 

Root tip in metaphase 

Root tip in metaphase 



Genetic Factors Which Reduce Grain Fissures and Increase Milling Quality 



Using Image Analysis to Study Factors 

Which Affect Milling Quality 

Quantification of green “immature” kernels and chalky areas 



Discovery of genes associated 

with sheath blight resistance 

• Plant genetic 
response to 
attack by the 
sheath blight 
pathogen 

Pathogen 

Inoculation 

After 16 hrs, no 

disease can be seen 

but over 300 genes 

have been turned on 

response to the 

pathogen 



Winter Nursery Facilities in Lajas, Puerto Rico Are Used 

for Genetic Evaluation and Seed Increase 



 

Planting Field Study at Stuttgart, AR 



Genetic Marker Analysis 



Carolina Gold Rice 
An Heirloom 

Variety Grown in 
the USA Since the 

17th Century 



The USDA National Rice  

Research Center   

Approximately 3 Million Acres of 

Rice are Grown in the USA 



Jojutla Rice 

Mexico - 1955 

Newrex 

Rexmont 

Dixiebelle 

Bowman 

Sabine 

Sierra 

L205 

A Rice Variety from Mexico is The Source of 

Superior Parboil and Canning Quality 

Parboiled Rice 

USA Rice Varieties 

with Pedigrees That 

Trace to Jojutla 

Examples of US Products Using Parboiled Rice 



Hank Beachell ~1940 Charlie Bollich ~1985 

Green Revolution Rice Comes to the USA 

 USDA ARS Scientists Were Responsible for Incorporating the 

Semidwarf Gene from Taichung Native 1, a Variety from Taiwan 

6*Bluebelle 

X TN1 

1968 

Crossing in  

Texas 

1971-74 

Lemont 

Released 

1986 

IR 8 

Released 

1966 

55 inches in height 34 inches in height 



Tetep Rice  

Originated from 

Vietnam 

Katy 

1989 

CL111 

Spring 

Catahoula 

Templeton 

Madison 

Cybonnet 

Kaybonnet 

Rice Variety from Vietnam Serves as Source of 

Durable Disease Resistance In USA Varieties 

Rice Blast 

A Potentially 

Devasting 

Disease 

Found 

Worldwide 

USA Cross Made 

1979 

Drew 

Source of Resistance in 

Many Other USA 

Varieties 



USDA ARS Maintains a Collection of Over 

18,000 Rice Varieties from Around the World 

Characterized for Important 

 Plant Traits 

DNA Extraction for  

Genetic 

 Marker Analysis 

Example of Two Forms 

 of a Gene 

(i.e. disease resistant,  

disease susceptible) 



Fortuna 

Chau 

Tropical japonica 

Aromatic 

Aus 

Indica 

Temperate japonica 

Basmati 217 

Dom-Sufid 

Dhala Shaita 

Champa Tong 54 

Jhona 349 

DV 85 

Taducan 

Dee Geo Woo Gen 

Guan Yin Tsan 

Wells 

Della 

Trembese 

Rikuti Norin 21 

Ta Hung Ku 

Norin 20 

Koshihikari 

Nipponbare 

IR64 

Genomic Analysis 

Shows How Rice 

Varieties from Around 

the World Are Related 

5
8
3
 

Creole 

Chuan 4 

NSF-TV 13 

S
e
ra

to
e
s
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a
ri 

Most USA Varieties 



EXAMPLES OF DIVERSE 

SPECIES OF RICE 

IRRI 



RM32520. 3

AP28825. 0
RM100607. 8
RM11419. 5
RM632411. 7
RM374012. 5
RM1014914. 1
RM117715. 5
RM132118. 1
RM1022619. 6
RM3426
RM1022919. 9

RM124. 0
RM28325. 4
RM1029526. 8
RM336027. 1
RM119530. 5
RM1039533. 3
RM387735. 8
RM1043636. 9
RM573538. 8
RM549642. 0
RM1049442. 4
RM350643. 2
RM1054345. 4
AP138346. 3
AP96946. 5
RM58148. 2
RM58050. 8
RM57252. 4
RM29453. 3
RM362754. 3
RM128758. 1

RM341262. 5
RM1074763. 3
RM14065. 4
RM1080868. 1
RM536571. 4
RM2372. 0
RM1091773. 1
AP320273. 4

RM2478. 4

RM563886. 0
RM1116286. 3

RM334189. 9

RM1124194. 1
RM585394. 5

RM598. 5
RM2318100. 4

AP4317103. 7
RM11008105. 2
RM11412107. 3
RM3475107. 6

RM5461112. 7
RM3240114. 1
RM246115. 1

RM443120. 0
RM1297121. 6
RM1231123. 2
RM1061124. 8
RM1095126. 5
RM3411128. 7
RM3324130. 1
RM1216132. 0
RM543135. 2
RM3416135. 4
RM5501139. 1
RM3825

AP3242
143. 7

RM3846145. 0
RM1339147. 0
AP3227
AP4384147. 5

RM113148. 2
AP3379
RM1068151. 0

RM1361155. 0
RM6292157. 1
RM3482157. 6
AP3437159. 0
RM529161. 5
RM5362163. 8
RM14166. 0
RM12191167. 4
RM3681168. 9
RM8048170. 4

RM6407
RM6141176. 3

RM3694179. 1

RM1067181. 8

CH-1
RM1090.0

RM1544.8

RM32648.9
RM233A10.2

RM1246913.4

RM1252116.5
RM107517.6
RM386519.0
RM534520.0
RM555322.6
RM329425.5
RM134726.6
RM637828.0
RM1267429.4

RM1272132.4
RM1277335.4
RM382836.8
RM1280837.1
RM1288542.0
RM691142.4
RM1291743.4
RM17448.0
RM1297848.6
RM110650.3
RM32451.2
RM119052.5
RM117854.6
RM552156.3
RM3366

RM3838
57.0

RM684458.4
RM1328863.1
RM557863.2

RM385867.8

RM1335370.5
RM638072.5
RM137975.1
RM1336675.2

AP415678.0

RM825281.4
AP401782.0
RN542784.1
RM368888.2
RM13520
RM1352089.7

RM19791.5
RM335293.5
RM351595.0
RM335595.2

RM13616
RM13617100.0

RM1307104.3
RM13672105.6
RM3730106.6
RM1385109.3
RM1367110.9
RM599111.0
RM3512112.6
RM3763116.1
RM573116.2
RM13792117.5
AP3994118.1
RM450119.3
RM1168120.5
RM3685123.9
RM6125.6
RM263128.0
RM3316130.2

RM3857134.5

RM14008140.0
RM3263140.1
RM250140.7
RM5404144.7
RM1092146.6
RM14133
RM14133149.0

RM1251150.5
RM14170

OSM66
153.0

RM208155.0
RM207156.3
RM266157.0

CH-2
RM32650.0
RM32022.2
RM38943.9
RM226.0
RM818.9
RM5699.3
RM1437711.3
RM133211.5
RM688314.8
RM311716.8
RM1445317.5
RM581920.2
RM279122.0
RM499222.1
RM603824.4
RM673627.7
RM51729.3
RM344131.0
RM14635
RM1463533.5

RM54535.0
RM100236.3
RM102236.9
RM346139.8
AC8394243.5
RM14758

RM14758
44.1

RM137145.5
RM595549.3
RM356252.0
RM574853.4

RM5551
RM1493159.5

RM131962.0

RM1504967.9
RM116468.7
RM23270.0

RM340075.0
RM1513575.5
RM318077.8
AC9087479.0

RM548886.2
RM128487.0
RM364687.9
RM1543291.0
RM1691.7

RM1553997.9
RM562699.0

RM15602102.4

RM3601108.3
RM15630109.5

RM3350115.6
RM2334116.0
RM15675117.5
RM1292119.8

RM3405122.8

RM6329127.0
AC90882127.7
RM15818129.2

RM3525136.5

AC79887140.0

RM3867143.1
AC91494144.5
RM6759145.0
RM1352147.0

RM3346151.5
RM6876153.7
RM3684155.3
RM135
RM3815157.0

RM1221159.0
RM148160.1

RM3585164.4

CH-3
RM5513. 1
RM3355. 4

AL60660311. 0
RM1643211. 8

RM347116. 7

RM353619. 8

RM331723. 0
RM1670624. 5

RM1673929. 7
RM1674130. 2
AL60661730. 8

RM1677034. 7
RM1677335. 9
RM1678737. 8
RM1680139. 8

RM1683545. 5
RM47145. 7

RM1687551. 2
RM1688952. 3

RM135956. 0
RM1694057. 6
RM1236

RM236
61. 6

RM114263. 5
RM326967. 0
RM354268. 3
RM3558

RM17092
69. 8

RM1714874. 3
RM378574. 4
RM330877. 3
RM113677. 9
RM25278. 0
RM1724080. 0
RM135481. 3
RM328885. 0
RM47089. 0
RM1734989. 8
RM1735891. 2
RM391692. 5
RM30394. 0
RM31796. 0
RM1739297. 2
RM636599. 0
RM3217100. 7
RM3276102. 4
RM6748102. 7
RM5511105. 1
RM3843108. 2
RM5709110. 0
AL606454113. 2
RM3648114. 3
AL606685116. 0
RM17600119. 2
AL606999120. 3
AL606608120. 8
RM17616122. 8
AL606652122. 9
RM1112125. 0
RM131126. 2
RM3332128. 8
RM3473129. 0

CH-4
RM12483.0
RM1224.0
RM1595.4
RM177858.5

RM201012.0
RM102414.1

RM1782816.9
AC130598-217.9

RM1323.0
RM1788523.4
RM59324.6
RM1793127.5
RM40528.6
RM377731.5
RM332232.0
RM1797732.2
RM1799836.2
RM319336.4
RM108937.2
RM1805239.6

RM1810244.9
RM368346.6
RM1811447.1
RM16948.3
RM1814249.6

RM338154.3

RM1837457.3
RM622957.9
RM112760.2

RM1850364.8

RM123767.5

RM43071.0
RM24973.0
AC10577174.2

RM1870379.1
RM335180.7

RM380085.0
RM1875085.6

RM109089.6
RM564291.2
RM127193.2

RM557597.1
RM1887698.9

RM3476101.0

RM7446103.0

RM3428106.0

RM274109.0
RM480
RM26111.3

RM19080112.1
RM5784114.3
RM31117.0
RM19143118.2

RM1054122.0

RM5818124.3

CH-5
RM192260.0
RM33532.3
RM58453.6
RM192905.0
RM13696.6
Waxy8.0
RM193449.1
RM341411.5
AB2629512.0
RM58413.9
RM1163

RM115
15.5

AP4280-218.0
RM1952219.1
RM825820.2
RM1955624.9

RM261532.0
RM212632.7
AP3509
AP351334.3

Con673a37.0
RM1966039.7
RM343841.4
RM12143.8

RM1966548.4
RM585050.0

RM3431-A53.0
AP357553.5
RM1979555.0

RM52761.2
AP400761.6
RM1986562.5
RM318364.9
RM135665.8
AP361867.0
RM320770.2
RM2020372.4
RM318773.2
RM374.3

RM2026978.6
RM382780.4

RM134083.0
RM2033385.0

RM327988.9
RM2038590.4
AP3539-191.9

RM537196.5
RM2046297.5
RM356799.2
RM20487101.0
RM1130105.1
RM20543105.4
RM3430106.0
RM5509107.6
RM20625
RM1370
RM340

113.1

RM3343117.0
OSR21120.0
RM1150121.7
AP3685123.0
RM103123.9
RM1031
RM494124.4

RM20773125.0

CH-6
RM207820.0
RM33942.5
RM38315.2
RM208715.8
RM54908.8
RM5752
RM2381

11.0

RM321112.0

RM2099117.1

RM2100424.2
RM2101824.9
RM135325.0

RM2107630.3
RM8010
RM747931.0

RM348433.4
AP434136.0
RM2113840.3
AP437941.7
RM2118142.1
RM716143.0
RM125344.4
RM371847.4
RM1186
RM385949.4

RM214

AP3889
50.0

RM2151554.1
RM554354.2
RM2152455.0
RM120459.1
RM2156961.1
AP425962.4
RM1167.0
RM2170067.9
RM340470.0
RM3826
RM3826

73.2

RM2176974.1
RM127975.6
RM101778.2
RM2184280.6
RM375381.1
RM35182.9
RM632684.5
RM2193187.5
RM2194589.6
RM358989.8
RM23494.0
RM2197695.3
RM826195.5

RM1364101.8
RM429101.9

RM3555105.7
RM1335106.0

RM22114110.8
RM22118111.3

RM1362115.0

RM248118.0
RM420118.9

CH-7
RM13812. 0

RM222657. 0
RM222677. 1
RM2227810. 4
RM123512. 8
RM2232114. 9
RM6863
RM38
RM22328

16. 4

RM25621. 0
RM564723. 7
RM2238123. 8
RM127025. 4
RM542827. 1

RM2244830. 8
RM114831. 8
AP456033. 0
RM2248535. 7

RM31038. 5

RM2255942. 3
RM683842. 9
AP418345. 8
AP475146. 0
RM7247. 0

AP3859a50. 8

RM138454. 0

RM40457. 2

RM728565. 0
RM349168. 9
AP438570. 1
RM110972. 0
AP446372. 2
RM2103
RM2267
RM2500
RM3459

75. 7

RM535177. 0
RM363481. 0

RM21085. 0
RM326286. 7

RM697692. 2
RM2332592. 9

RM805898. 4
RM2336799. 0
RM14999. 9

RM5493105. 0

RM502109. 3

RM3754112. 6
RM23544113. 4

RM3155117. 0

RM3840119. 6

CH-8
RM36090.0

AC900553.2

RM238697.9
RM238778.5

RM2391714.3

RM21919.0
RM385520.7

RM2399824.9

RM2401127.4

AP5593-430.6

AP5128-233.0

RM2415137.9
RM391238.0

RM605142.5
RM52442.9

RM2423646.6

RM56650.7

RM3700
RM512255.3

RM118959.0

RM118962.0

RM25764.7

RM332068.7

RM2470870.8
RM24272.3

RM16077.2
RM390979.0

RM331582.4

RM2474885.0

RM2475489.0

RM382391.5
RM102693.1

CH-9
RM63640. 0

RM38825. 6
RM2226. 0
RM249926. 5
RM2169. 9
RM721710. 9
RM2509212. 2
RM534815. 7
RM112617. 5
AC9048317. 6
RM315217. 9
RM331119. 0
RM683321. 4
RM2531424. 1
RM328324. 6
RM46728. 4
RM349530. 0
RM108332. 1

RM491535. 9

RM2547038. 6

RM530441. 6

RM2553544. 4
RM347045. 0

RM187348. 4
RM25848. 8

RM30452. 0

RM2566955. 2
RM110855. 3

AC7889458. 9
RM2573459. 0
RM2575561. 4

RM2576664. 6

RM2577767. 0

RM535271. 4
RM137473. 0

RM356375. 5
RM549477. 3
RM2587178. 3

RM22883. 0

CH-10
RM1810.9
RM259552.6
RM32253.5
RM73337.0

RM448410.3
RM2608011.7

RM372915.0

RM1124
RM2616219.8

RM16722.0

RM2622326.0
RM316826.3
RM2622928.0

RM44132.1
RM2626833.3

RM362536.2

RM2632140.8
RM2633342.1

RM370145.3
RM53647.1
RM20248.0
RM2639348.9
RM2624351.9
RM559052.8
RM739154.0
RM342856.2
RM2660357.2
RM2665660.9
RM372161.5

RM2675767.8
RG10968.0
RM531271.1
RM20973.7
RM2680974.2
RM2682175.6

RM534979.1
RM2687179.7
RM2689881.4

RM2695785.3
RM121986.1

RM2701188.7
RM20690.8

RM2706894.9
RM547496.0
RM2709497.2

RM2712499.9

RM3151102.0

RM27230106.4

RM27234108.8
RM254110.0
RM1233112.0
RM224114.0

CH-11
RM53670.0

RM55683.8
RM33235.6
RM274627.2
RM274759.6
RM348310.0

RM2750214.2
RM24715.0
RM374717.2
RM130220.5
RM19-220.9
RM45321.3

RM2756326.2
RM49128.1
AL73176129.2

RM2764432.2

RM2766335.8
RM699836.8

RM2778241.5
RM700341.8

OSM8946.0
RM372049.3
RM593949.8
RM104751.6
RM2798253.8
RM710254.0
RM2798854.2

RM126161.6
RM26061.7
RM2817962.1
RM124665.3
RM585766.0
RM28305

RM3448
68.2

RM2834771.9
RM30973.0
RM2840575.5
RM673275.8
RM101580.0
RM2843381.2
RM2844982.1
RM2846485.0
RM3726

RM28493
88.4

RM333190.6

RM322694.6
RM285495.4
RM2859795.7
RM373997.3
RM115899.8
RM1194101.9

RM28779106.3
RM17107.4
RM1296108.8
RM1226109.2

CH-12

Genetic Markers on the 12 Rice 

Chromosomes 

These Are Like “Mile Markers” on a Road 

and Serve to Locate Where Specific Genes 

Reside 



Rice Cultivars Are Evaluated for Tolerance 

to Salt Using A Hydroponics System 



Rice Grain With Chalky, Opaque Areas 

Will Break Up During Milling 



Identifying rice chromosomes as seen 

by florescence microscopy 



The 24 species found in the genus Oryza 

Cultivated rice 

(Courtesy of the International Rice Research Institute) 



The ancestral rice species, Oryza nivara and Oryza rufipogon, are the 

potential source of new (novel) genes for resistance to the most 

devastating rice diseases, sheath blight and leaf blast.  



Evaluating Rice Leaf Blast Disease 

Step 1: Prepare blast fungus 

(spores) to infect the small 

rice plants 

Step 2: Spray blast spores 

on seedlings with an air 

brush. 

Step 3: Rate the plants for blast 

disease after 7-10 days using 

the scale shown below 



Evaluating Rice Sheath Blight Disease 

Step 1: Inoculate seedlings 

about two weeks after 

transplanting to soil 

Step 2: Cover seedlings 

with micro-chamber for 

7-10 days so disease 

develops 

Step 3: Rate sheath blight 

disease. (This is a susceptible 

accession.) 

Sheath blight fungus 

growing in a Petri dish 



Variation in the Estrela x 

NSF-TV 199 mapping 

population  

Diversity in field plants 



Variation in the Rice Diversity Panel 1 

Varieties ARC10376, Basmati 217 and Estrela 

illustrating the differences in seed.  

Panicle images of five varieties 

showing variability in panicle sizes 

and grain number.   

The Rice Diversity 

Panel 1 is composed 

of over 400 rice 

varieties from 

around the world. 

Zhao et al. 

(2011) Nat. 

Comm. 2:467 



Variation in rice varieties from 

around the world 



One 

Replication 

Warm condition-5 days Cold condition-30 days 

Testing for Cold Tolerance at Germination 


