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The research are focused on four crops:
- winter wheat
-winter triticale
-winter hull-less barley

spring hull-less barley




CYTOGENETIC RESEARCH of WHEAT GLUTEN PROTEINS

(the world’s priority research)

- Monosomic analysis of wheat gluten protein gliadins
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G/i-1 and G/i-2 loci on chromosomes of homoeologous group
1 and 6 in bread wheat var. Bezostaja-1 (the world’s priority research)




Rye secalin (detrimental for quality) in wheat
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Secalins are soluble in water - the reason why they
cause the bread—making defect (the world’s priority res.)

Kavkaz - wheat variety with centric wheat-rye 1RS.1BL translocation
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Rye secalin N-terminal sequencing

Individual secalin preparative isolation / purification

Individual secalin N-terminal sequencing
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Genetic modification of 7RS.7BL (A.Lukaszewski) translocation (Sec-7
free) by telosomic recombination
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N-terminal molecular structure of two alleles G/i-D7fand G/i-Dilg for
gliadin-coding locus G//-D17 in comparison with locus G/i-B17
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Detection of cysteine SH-group in reduced and carboxymethylated
wheat xx-gliadin tryptic peptides (USDA-ARS, WRRC, 1982)
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Genetics of x- and B-amylases in wheat
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Interspecific crosses pre-breeding program focused on the D-
genome manipulations as a key genome of bread wheat

Ae.cylindrica (CCDD) 2n=4x=28

Ae.tauschii (DD) 2n=2x=14

Synthetics AABBDD, 2n=6x=42




New exotic alleles of G/u-D7 locus transferred to wheat from wild relatives

STd New exotic alleles of Glu-D1 locus

ts
t s - Ae.tauschii; ven - Ae.ventricosa ; var - Ae.variabilis ; R - recombinant
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Locus G/i-DIcyl transferred to wheat from Ae.cylindrica with
positive effect on BM-quality and endosperm texture (elevated hardness)

High Gpc genotypes

Gli-Dicyl

Sec-1
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# 1-5,7 combination of two alien translocations




Exotic friabilin responsible for extra-soft endosperm texture
transferred to wheat from aegilops Ae. tauschii (DD, 2n=2x=14)
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Extra-soft textured biscuit wheat (diameter, h/d ratio and surface aspect)
produced on the base of the Ha (hardness) gene from Ae.tauschii

Extra-soft
wheat




Biscuit red and white wheat varieties developed on the base of
Ha (hardness) gene derived from Ae. tauschii

var. Oksana
extra-soft red winter wheat
listed 2007

OKCAHA
O3MMa excrpa-u’ﬂxoaepua nweHwuA KOHOIN”QPCI:»KO&O SHUKOIMICINTIHHA

> CopT cTEOPEHO ENeplue g Yipaid, B peecTpi 2 2006 p;

> BOpoWHO MAE cNeuiankHi XapaKkT epMCTHEX
(BMNC, kOHCUCTEHUIA) ANA BICKBITHMX BMpobie;

» 3epHO YepBOHe, BKCTRA-M'AKS 23 KOH: UCT BHLLIEK;

> Ctefino 100-105 cM, He nonArae,

> BopowHo Ak gobaeka (50%) noninwye ob'em Ta AKICTE
¥nifa 3 BOPOLWHAE 2 Ty TOK KNEHKOE MHOK;

> EKCTpa-M'AKe 3epHO — BiAMIHHE CMPOBMHA ANA rogieni
MTULY;

> MpUAETHUIA ANA OpradivyHoro NPOPOLWLYEAHHA 3 METOKD
BUIOTOBNEHHA AIETUYHMY COKIE NPOPOCTKIE.

var. Byljava
extra-soft white winter wheat
listed 2014

EINABA
03MMa eKCTpa-M'AKo 3epHa BinosepHanweHnu A
HOHM TP CHKO 20 SUHOPIC TR HHA

> COpT CTEOPEHD BNeplle B YipaiHi, nepedaHui v
OepxcopToeunpobyeanHa y 2010 p;

» BOpOWHO NREWLLEHDT BINMEHK, BUC OKMIA BMXIL NPW NOMEN|,
Mac cneyiantHi xapakTepucTuin (BIC, KOHCUCTeHUIA),
npusHady ese 4na Bic keiTHUX BMpoBGie;

# 3epHo Bine, NpeKpacHO BUNOEHEHE
EKCTPS M'AKE 28 KOHCUCTEHUER;

> Ctefino 95100 cm, He NnanArae;

> BopowHo Ak aobaeka (50%) noninwye ob'eM Ta AKICTE
¥nifa 2 BOpoL Ha 3 TYTOK KNERKOBMHOK;

> EKCTpaM'AKe 380HO — BigMIHHE CHMPOBMHE ANA rogieni
NTULL;

7 MPUOATHWA ANA ORraHMHOTD MPOPOULYE 3HHA 2 METOK
EUIOTOBNE HHA AIETUY HUX COKIE NPOROCTEIE.

Author: Alexander Rybalka



White wheat pre-breeding program

Screening for R-genes red color
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Waxy wheat pre-breeding program (molecular detection
of Wx-Al, Wx-BI1, Wx-D] alleles)
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Waxy wheat pre-breeding program

var. Sophia
waxy winter wheat, listed 2014

G3IMMa NIHeHHUA 3 TEHETHYHO Hﬂ,ﬂ,li{I}ill:ﬂBﬂHHI'.'l CEnagol Kpo XM ankw

# CopT cTEOPEHD ENepe B YERaTHI, NepenaHui y
HemscopToernpofyeadHAy 2000

# TexXHONOr4HE NPMEHAYeHHA: NOKW MHE, 3aMOQ0HEHE TICTO,
HAQYUORT 2y Wy eadi, ¥NiB Ta Aopow HAHI BMROAK, COKAT;

# BOpOWHD MaE aHOMANEHT TEXHONOTMYHI BNACTHME OCTI;
BKCTRE-BMCOKa BIC (o0 72%), ekcTha-Huzeke Y (B0-T0 cek.);

# TICTO MAE AHOMANEHD BMCOKY T30 TEHE Y YUY COROoMOMHI CTE,

# BopowHD ANA BWNiKaHHA XNiba Yy YACToMY BWIMAL HE NPMOATHE,
AL gofhaeka (159-30%) noninwye xNibonekapcegl BN ACTHEOCTI
AOpoW HA 2 BWc okMm YT C3590-400 cek) xapakT epHMM OnA
NiEOEHHWE perioHIE (OME. INKCT ALK HHY 8.

Author: Alexander Rybalka
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Industrial crops pre-breeding program

Bioethanol yield per mass of dry feedstock, L per 1000 kg
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DDGS yield: Kg / 1000 kg dry feedstock

DDGS vyield of 1000kg feedstock, kg
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DDGS: protein content, %

Protein content, %
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TRITICALE PRE-BREEDING PROGRAM

—-Based on the use (5B)5D chromosome substitution allows to get
wheat-rye chromosomes recombination and wide genetic variability

—Aimed on the development of triticale varieties for edible ethanol and
bioethanol end-use

-The best winter triticale breeding lines are superior to winter wheat in
hardiness, disease resistance and grain yield (max. yield 14 tons/ha)

- Development of triticale waxy as a factor positively correlated with
triticale fermentability




TRITICALE: bioethanol yield L/1000kg feedstock

Bioethanol yield per mass of dry feedstock, L per 1000 kg
(triticale varieties)
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Starch granulometry
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Triticale Wheat Extra-strong

var. extra-soft bread wheat var.
BOGDAN var. OKSANA KUJALNIK
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Dis-moi ce que tu manges,
Je te dirai ce que tu est

Cereals as a food source:

Jean Anthelme Brillat-Savarin
1755-1826 , , , ,
—-Unique dietary fiber (particularly soluble)

-Antioxidants
- Essential minerals




What is wrong with wheat modern varieties?
Is wheat an unhealthy product?

. Poor protein amino acid balance
. Proline/Glutamine-rich proteins difficult intestinal assimilation
. Immunoreactivity of peptides related to CD (celiac disease)
. IBS (irritation bowel syndrome)
. NCGS (non celiac gluten sensitivity)
. ATls - nutritional activators of innate immunity
. Low minerals
. FAW (food allergy to wheat)
. Very high Gl (glycemic index)
10 Post prandial glycemic and insulinemic response
11.Relation to metabolic syndrome/diabetes mellitus type 2
12.Gluten-free products
13.Gluten-free wheat production
14.High amylose wheat production (RS starch elevation)
15.Spelt wheat the world’s growing popularity
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High nutrition black wheat and black spelt wheat pre-
breeding program

var. Chornobrova

»>Developed first variety in Ukraine, listed 2014
>Elevated vitamin/mineral content

»>High protein (15-16%) and protein solubility
»>Grouts, flakes, snacks, organic sprouting end-use
»Sprouted grain bread end-use

Author: Alexander Rybalka




Sprouted wheat grain bread

Wheat berry Sprouted grain bread




Wheat varieties for organic sprouting (wheat grass juice)




Spelt wheat grain modification from red to black




High protein (minerals) wheat pre-breeding program (QTL factor Gpc-B1)
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High amylose wheat pre-breeding program
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F. Sestili et al., 2010, Univ. Tuscia, Viterbo

T. durum line (70% amylose)
in use as a source of high
amylose content
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Hull-less (naked) barley — renewed healthy food
pre-breeding program

Hulled barley Hull-less barley




Hull-less barley healthy grain program objectives:

The largest in Ukraine food end-use hull-less barley pre-breeding program:

-Waxy barley

—High amylose barley

—-Low phytate barley

—-Grain color, grain and germ morphology
-Threshing ability

—Protein content and solubility in 50% 1-propanol
—B-Glucan content

-0Oil content

-0il fatty acid composition

-DPPH free radical scavenging capacity (antioxidant activity)
—-Grain hardness

—Flour extraction and flour mixing properties
—Grouts extraction and grouts culinary properties
-Flakes quality

—Molecular markers for target characters

High RS starch barley Himalaya 292 (BARLEYmax)




Hull-less barley program mainly focused on two barley
head morphology: 2-rowed awned and 2-rowed awnless




Barley seed color (black, blue, purple) as an indicator of
particular pigments (antioxidants)

The purple barley has the highest DPPH radical and superoxide radical
scavenging capacity, black barley rich in delphinin 3-glucoside




Var. ACHILLES the first in Ukraine high protein naked
spring 2-rowed barley for food end-use (listed 2014)
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The “healthy bowel” breakfast development
(the everyday breakfast of Alexander Rybalka)

Porridge composed of:
Naked barley grouts + Black wheatbran + Flaxseed flour

Fruit smoothie composed of:
+ Banana + Apple




Health benefits of the “healthy bowel” breakfast

-100% natural product
—Optimal balance of cereal and fruits health promotion compounds
—Cereal + fruit prebiotics balance for gut microbiota

-Naked barley grouts:

(soluble dietary fiber, antioxidants, minerals, vitamins)
—prevents cardiovascular disease, diabetes mellitus type 2, cancer

-Black wheat bran:
(rich in fiber, antioxidants, minerals, vitamins)

—excellent colon cleaner

-Flax flour:

(rich in w-3 o-linolenic, lignans, antioxidants, minerals, vitamins)
—flax lignans are unique polyphenolic compounds 3 in 1:
phytoestrogen, antioxydant, dietary fiber
sprevents of women breast and ovarian cancer, man’s prostate tumor

Fruits are fruits



LABORATORY PROCEDURES DEVELOPMENT
and SEED PURITY TESTING




MIXOLAB profiles of extra-strong wheat variety Kujalnik damaged by sun pest
(Eurygaster integriceps)
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SDS-30 two-step sedimentation method and semi-automatic device for
wheat BM quality evaluation (to be applied in breeding and bread-making)




Seed purity testing (wheat, barley, corn, sunflower)

Wheat gliadin HMW-glutenin HMW-+LMW glutenin
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Cooperation with Limagrain Group
(Jayne Stragliai team1996-2006)

. Original interspecific lines with extra-strong gluten
and extra-soft endosperm texture contrebution to
the Nickerson’s wheat breeding program.

. Mini-PAGE electrophoresis protocols application to
the Nickerson’s wheat seed purification.

. Seed purity testing for Limagrain Group Ukraine.




Cooperation with Limagrain Group
(Jayne Stragliai team1996-2006)




TRANSGENIC WHEAT AND BARLEY RESEARCH

—In wheat: over-expression of the Glu-DIx5 and G/lu-D1yli0
(three-fold extra copies located in the same G/u-D] site),
evaluation of over-expression on BM quality

—In barley: expression in barley genome of wheat HMW-glutenin
Glu-Di1x5, Glu-Dl1yl0, Glu-Dix5+yl0
evaluation of wheat proteins on mixing properties of barley flour
with wheat flour




Over-expression of Glu-Alx2* and Glu-D1x5 in wheat
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Molecular markers for wheat HMW-GS D7 x5 (281bp) and
D1yl10 (397 bp) in hull-less barley hybrid population
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is an author of 220 scientific publications,
two book-monographs:
1. Wheat quality and its amelioration (550 pages), 201
2. Barley as a functional food product (670 pages), 2016
3. AUTHOR OF 5 VARIETIES (4 wheat wa 1 barley) listed in Ukraine

and mamny patents
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