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10000 to 
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Domes�ca�on of 
plants and animals

Gregor Mendol described
how inherited traits pass
between genera�on to
genera�on

Rosalin Frankelin, James
Dwatson and Francis Crick
described double helix
structure of DNA

Norman Borlaug introduced
dwarf genes that increased
70% of yield

LONG HISTORY OF IMPROVEMENTS WITH LARGER IMPACTS
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Hanson, H. (1982 ). 8



 
 

 

h�ps://geology.com/world/world-map.shtml 9

TRADITIONAL BREEDING: TIME AND RESOURCE CONSUMING

Cross Select Test1 2 3

1+ year ~3 years

Diversity bottleneck cumbersome to reintroduce lost diversity, gene banks 
under utilized
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10000 to 
4000 

years ago 1865 1953

1970

1996
1998 2009

Domes�ca�on of 
plants and animals

Gregor Mendol described
how inherited traits pass
between genera�on to
genera�on

Rosalin Frankelin, James
Dwatson and Francis Crick
described double helix
structure of DNA

Norman Borlaug introduced
dwarf genes that increased
70% of yield

Wheat Rye transloca�on

Synthe�c hexaploidwheat

Synthe�c wheat 
deriva�ves

LONG HISTORY OF IMPROVEMENTS WITH LARGER IMPACTS
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T. turgidum (BBAA) x Ae. tauschii (DD)

F1

Colchicine treatment
Synthetic hexaploid

(BBAADD)
Bread wheat
(BBAADD)

Synthetic derivatives/bread wheat
(SYN-DER)

x

SYNTHETIC WHEAT DERIVATIVES
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NARC Field Trail
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NARC Field Trail for Drought Stress
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NARC Field Trail for Drought Stress
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• Neutral Markers

• Functional Markers

MOLECULAR MARKERS
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MOLECULAR MARKERS

Gel Based Markers
• AFLP
• RAPD
• SSR
• SNP
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KASP vs GEL-BASED MARKERS
Conventional SNPLine® KASP

Parameters
PCR

384-plate 1536-plate
Data points (year) 0.1 m 9.2 m 36.8 m

QTL study (days/96 markers) 38-50days 2 days 1 day

MAS (samples/day/marker) 384 18K 73K
Cost - 0.4 RMB 0.2 RMB

Person 1 1 1
Impact: More than 30 gene�cs and breeding programs all over the world are using 

these KASP markers
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• Cell wall invertase 
(CW-INV)

• Source-sink relationship
• Reduces enzymatic 

activity under stress 
condition

CELL 
WALL 
SPACE

PLASMO 
DESMATA

SINK CELL 
CYTOPLASM

CWIN

Glucose

Sucrose

SUS
SUS

VIN

Glucose
Fructose

Fructose UDP 
Glucose

PHLOEM

Cell wall invertase in phloem transportation; S= Sucrose; G= Glucose; F= Fructose;
CWIN= Cell Wall Invertase; UDP Glucose = Uridine Diphosphate Glucose; SUS=
Sucrose Synthase; VIN= Vacuolar Invertase

Fructose

VACUOLE

CELL WALL INVERTASE
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ITMI MAPPING POPULATION 

Synthetic Hexaploid Wheat
(Drought Tolerant )

Opata
(Drought Susceptible)x

F1

Single Seed Descent (SSD)

Recombinant Inbred Lines (RILs)

F7
2043

International Triticeae Mapping Initiative (ITMI)
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LINKAGE MAP OF ITMI POPULATION

Linkage map of Synthetic (W7984) and Opata RILs population (ITMI) using 2639 GBS markers

QTL under well - watered (WW) 
treatment

Total 16 QTL were identified in which 
seven QTL detected on chromosome 7B 

positioned from 64 to 221cM

QTL under water-limited (WL) 
treatment
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CONCLUSIONS

• Beneficial alleles for genes were fixed in diversity panel with frequency ranging from 96.4-
100%.

• Total 21 marker-traits were associatedwith agronomic traits under both moistureconditions.

• Seven QTL detectedon chromosome7B were positionedfrom 64 to 221cM.

• Non-Synonymous mutations were found in cell wall invertase TaCwi-B1 particularly on the
conserved domain i.e., WECPDF domain.
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