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The control of gene expression
Protein synthesis:

-The geanome is the complete set of genes in a call
-The proteome is the full range of proteins that a cell is able to produce.,

Structure of mRMNA and IRNA:

MRNA vs tRNA

Both use A, U, G and C bases

m = messenger t = transfer
s g transcribed from DNA in the used to franslate mRNA
T + nucleus and posted oul io the by the ricosomes, making
nbosomes for translation a new polypeptide
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Typical animal cell and plant cell
Animal cell Plant cell

cytoplasm chioroplast
lysosome - > 1 ribosomes
o rough :
endoplasmic reticulum -

smooth
endoplasmic reticulum

nucleoplasm
nucleolus

nuclear
envelope

v
nucleus
v
nucleus

nuclear
pore o
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endoplasmic
reticulum ol

e apparatus . mitochondrion

secretory vesicles cytoplasm Golgi apparatus .
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DNA Markers
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i . Second generation Third generation markers
irst generation markers
O markers
(Based on hybridization) (Rasedon DA
: (Based on PCR) Sequencing)
* Restriction Fragment * Random Amplified * Single nucleotide
Length Polymorphism Polymorphic DNA polymorphism (SNP)
(RFLP) (RAPD)

« Amplified Fragment
Length Polymorphism
(AFLP)

* Simple sequence repeat
(microsatellite) (SSR)

# Variable number
tandem repeat
(minisatellite)(VNTR)

* Sequence characterised
amplification region
(SCAR]) etc.
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Polymorphism

Dominance

Amount of
DMNA required
DMNA sequence
required

PCR based

Radioactive
detection

Cost

Automation
panid61/02/15
Reproducibility

Low-medium

Co-dominant

High

Mo

No

Yes

Medium

Mo

High

COMPARISON OF DIFFERENT </
MOLECULAR MARKER SYSTEMS f

—mm

hMMedium-

high

Dominant

Lo

MNo

Yes

Mo

Lows

Lo

High High Extremely

high
Dominent/  co-dominant <5 deminen

High Low Low
Mo Yes/MNo Yes
Yes Yes Yes
Yes/No No No

Medium Low/high High
Mo No/fyes Yes

High High
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® o135 loWitoaN(Restriction Fragment Length Polymorphism:RFLP)
® 91510 WA(Random Amplification Polymorphic DNA:RAPD)

® o10¥1oaN(Amplified Fragment Length Polymorphism:AFLP)

® oaea013 (Simple Sequence Repeat:SSR)

® lopaaanis (Inter Simple Sequence Repeat:ISSR )
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Identification of native Dendrobium species in Thailand
by PCR-RFLP of rDNA-ITS and chloroplast DNA
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ABSTRACT: The PCR-restriction fragment length polymorphism (PCR-RFLF) approach was successfully developed
to identify 25 native Dendrobium species in Thailand. PCR-RFLP of the rDNA-ITS with six restriction enzymes and
three chloroplast (cp) DNA regions with five primer-enzyme combinations produced 24 types of DNA patterns altogether.
Twenty-three out of the 23 species determined in this study were found to belong to unigue classes and were successfully
differentiated. Two species, 0. crumenatum and D formosum, possessing the same DNA pattern, however, were identified
after cutting the chloroplast DNA fragment amplified by psbC-tmS primer with Mbol enzyme. An effective procedure for
identifying each Dendrobium species was developed. PCR-RFLP of the rDNA-ITS with Tagl, which s the most informative
enzyme, was used for the early detection of 16 Dendrobium species. To identify the remaining Dendrobium species, PCR-
RFLP analysis was performed using one more primer-enzyme combination. Our study provides a rapid, simple, and reliable
identification method for these Dendrobium species.

KEYWORDS: orchid, DNA markers, species verification, internal transcribed spacer
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enetic diversity in three populations of Anabas testudineus with RAPD /

O
/l pulations  Total number of Number of  Percentage of H Sl (5
O sk 41 1 26.83 009  0.14
NK 37 7 18.92 0.05 0.08
UB 40 10 25.00 0.07 0.11
Total 42 14 335 0.10 0.15

Y Remark: SK = Sakon Nakhon population, NK = Nakhon Panom population, UB =
Ratchathani population, H = Nei’s gene diversity and SI = Shannon’s information i

ANHUANNAIENWABENITNTadavinalye 3 Ussains wuAtANmaInuateniiugnes (H)

4940 uLlszansanauAsvinty 0.09 wazAnge luilszansuasnundAWNGL 0.05 LAy

; dl a 1 o A [ 1A v a 1 a [ 1
\HedasziAIArHAuraInaanieiugnasd (SI) wudniuuatin il luianig dubaaiulagd

patiagmraInuananeiugnesnatiluag 0.08 (NK) — 0.14 (SK) (Table 2) uansliiiudn
dszannsiamualngainanauas dAAuraINraIanIRugnssuaInnanlszansuna meann
UATWUN



Primers Ht Hs Gst Nm
OPA-01 0.18%0.06 | 0.09+0.01 0.48 0.54
OPA-02 0.08%£0.02 | 0.06*+0.01 0.24 1.63
OPB-07 0.06x£0.02 | 0.06*+0.02 0.05 10.48
OPB-10 0.10£0.02 | 0.08%+0.01 0.23 1.71
OPC-02 0.10X£0.03 | 0.08%+0.01 0.23 1.65
Overall 0.10£0.02 | 0.07x0.01 0.25 1.46
population

anuranratenugnssulassau (Ht) weslsemnsamne Ineliauninug 0.10£0.02
gaziianNuraInvatenwiugnssumasmelulszans (Hs) minu 0.07£0.01
mamemau (Nm) 521219 Usemnsiaumny 1.46
; . " 2
aanuuanaanenugnssy (GST) vewlszmnsdamiue lnens 3 szanns

UAUNINY 0.25

qrinyayn Auan wazane (2559)
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1 (Amplified Fragment Length Polymorphism:AFLP)
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Figure 2 UPGMA dendrogram of 8 mango genetic matenials based on S5Rs
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56 . . o .
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\O DNA Barcode of Animals

For animals, the mitochondrial cytochrome C Oxidase | (COI)
\ locus appears to satisfy the desired criteria for most groups
N

(

DNA Barcode of Plants

The most satisfactory results have come from the gene
maturase K (matK) and matK in association with other
genes. Multi-locus markers such as ITS along with maitK,
rbcl, trnH, etc. have been assumed to be more successful
in species identification

DNA Barcode of Bacteria DNA Barcode of

Bacterial 16S rRNA gene is A region of the mitochondrial gene
described as an important encoding the cytochrome C Oxidase
marker for soil and marine (CQOI) is the barcode for animals and
ammonia oxidizing bacteria the default marker adopted by the

Consortium for the Barcode of Life for
all groups of organisms, including fungi
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1. dadruves POLYMORPHIC LOCI (P)
P = Np/r( Np fetsuau polymorphic loci
Hag r ADIUIUAIBY N Ioci‘ﬁy’wm)

2. aunds alleles de locus

3. amundvexpected heterozygosity(He) visioni gene
diversity (averaged overall loci samples

4. Aundv heterozygosity within population (Hs)

5. allele frequencies overall population
a1 Ht = Hs+Dst, (Ht, total gene diversity)
Dst = Ht-Hs, (Dst, gene diversity due to different among
populations

Ratio of Dst fu Ht 5eni1 Gst = Dst /Ht

nsal single locus with 2 alleles a1 Fst = (Ht-Hs) /Ht uagsildan
Fst identical to Gst
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GENE DIVERSITY ANALYSIS OF ({
/1 POPULATION STRUCTURE IN Pinus radiata
41 POLYMORPHISM sgusiaz ALLELE (suluw) 1 5 uuds ugnas
et e S Ee
1 2 0.81 076 080 026  0.88 0.702
3 0.18 024 020 074 012 0.296

 He 0.365 0.32 0.211 0.318

0.385
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® nREennneunielu species (between families) syninsunas

® uFaumaunialy family (between trees) szuingdiu
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ANANANUSLATRIYA
Phylogenetic Tree

The root of the tree represents the
ancestral lineage, and the tips of the
branches represent the descendants of
that ancestor. As you move from the
root to the tips, you are moving
forward in time. When a lineage splits
(speciation), it is represented as

branching on a phylogeny.

Species B Species A

LCommon Ancestor

Numbers in the table below represent
mutational differences in a particular gene.
Higher numbers indicate more genetic
differences between two species.

Table: Cytochrome b DNA sequence differences between different species

Species
A
Species
B
Species
C
Species
D
Species
E
Species
F

Species B

Species Species Species Species Species Species

A

27

37

38

35

40

Species O

B

27

13

19

20

21

c
37

13
3
8

11

Species E

D

38
19
3
12

14

Species F

E F
35 40
20 21
8 11
12 14

Species C Species A
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Classical plant breeding uses the deliberate interbreeding of closely related individuals to produce new cultivars with
desirable traits. As it needs a long period and several generations to select and evaluate useful genotypes, classical

breeding could be limited to address global food security and meet the increasing requirements of food demands

(Tester and Langridge, 2010)
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Table 5.1: A list of major crops and their ploidy
Common name Ploidy Name Propagation
Maize 2x=20 Diploid Outcrossing
Wheat bx=42 Hexaploid Qutcrossing €
Rice 2x=24 Diploid Selfing - Dipl?:dnﬂn]
Potatoes 4x=48 Tetraploid Qutcrossing; Vegetative @ (%)
Soybeans 2x=40 Diploid Selfing P e
Barley 2x=14 Diploid Selfing Wetsrmaioiriing Wetsehislon 75)
Tomatoes 2x=24 Diploid Selfing

Bananas Ix=33 Triploid Vegetative
Watermelon 2x=22 Diplaid Outcrossing . PRI CUSh A cian]

Sugarcane &x=80 Octoploid Outcrossing; vegetative & &
Sugar beet 2%=18 Diploid Outcrossing

Cassava 2x=36 Diploid Clutcrossing; Vegetative | Seediess Watermelon Fruit | . }‘
4

‘;.—

4
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® Molecular plant breeding is the applications of molecular biology or
W biotechnology to improve or develop new cultivars, which includes two mna

approaches,

l. marker-assisted selection (MAS) and

e (. Z
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genetic transformation (Moose and Mum il
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® At moment, the application of genetic transformation (or genetic
engineering) is seriously hindered because there is controversy on food
j safety and environmental impacts over any genetically modified (GM)

(Nicolia et al., 2014).
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l MAS [ HUNTZUIUNTNINUICTY [AYFIY IUNITANTSYSLIAN

/ 1 91 A A v A g}/ a 1 o A
S Haz A1 195918 IOMNIUNVITAUAN LAZLNUEININLDIIN
= % % %
Lﬂd’iEJ‘UL‘VIfJ‘Uﬂ’J"IﬂJN‘L!!,!,‘]Ji‘i/l”l\‘l“l’\lu‘ljﬂ’iiﬂfluigﬂ‘ﬂiumﬂﬂ
® MAS is a process whereby molecular markers are used for the indirect
3

selection on traits of interest in crops. As a critical and effective r i

MAS has been widely applied in plant breeding to enhance crop

quality, and tolerance to biotic or abiotic stresses L
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. Indirect selection based on markers linked to QTLs
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Box 18.1. Quantitative trait locus (QTL) mapping in forest trees.

Step 1. Mate two parent trees at the extremes of the phenotypic distribution of the trait (e
a large tree and a small oee) that are also different for a large number of gencfé
markers (e.g. AA versus aa) (Fig. 1). Mate an F, progeny that is intermediate for the
phenotype and heterozygous at marker loci with a siimalar F, (F,"). This can be either
a full-sib Mmating or more ofien a cross between two unrelated F; s, The Progeny re-
sulting from the F; x F;" mating segregate for both the phenotype and the genetic
markers.

Step 2. Each of the progeny is genotypoed at all marker loci. hlany different marker tyvpes
can be used (Chaprrer £, In the example the B locus marker is codominant so both
homozyvegotes (BB and bb) and the heterozygote (Bb) can be scored.

Step 3. A statistical test is then performmed to test for differences in mean phenotypic values
among genotypic classes. In this example. BB goenotypes are associated with large
trees. Bb hoterozwgotes with intermediate size trees and bb homozygotes with small
trees. The inference that can be drawmn is that a OQOTL for tree size resides on the chro-
mosome somewhere near the B genetic marker. This analysis is performed for all
markers on all chromosomes to discowver QT Ls controlling the phenotype.
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Fig. 1. A schematic description of the basic approach to guantitative trait loci (QTL)
mapping in an outbreeding forest tree.
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Phenotypic value
1\ QTL genotype Qi1Qy Q4Q;

Tree 1 Tree 2

& A [A] [e] B Q@ A [T [l B

O

X X
Q A [T [¢ B Q A b A (G 4 B

Chromosomal location
where a crossover
has occurred

. rest tree populations makes it difficult to apply loosely
linked flanking markers for family selection but is possible with very tightly linked single nucleotide
polymorphisms (SNP). a) Assume there is a QTL, with two alleles in the population (3, and Q. The
Q allele contributes to small tree size and the Q2 allele contributes to large tree size. b) The tree size
QTL is mapped in Tree 1 using segregating genetic markers flanking the QTL. In Tree 1, the A; and
B, marker alleles are in coupling linkage phase with the desirable QTL allele, Q,. Progeny of Tree 1

| carrying the A, and B, marker alleles would be sclected in a marker-based breeding program. How-
ever, if marker alleles and QTL are in linkage equilibrium in the breeding population there will be
many trees like Tree 2 where the A, and B, marker alleles are in coupling linkage phase with the
Aundesirable QTL, Qy. Selection of progeny i_'tmm Tree 2 busc_d on the A; and B, marker alleles would
result in the selection of trees with small ph;pt*l}'DeS_(undcsued phenotype). A solution to the limi-
tﬁdﬁimp[;scd by linkage equilibrium between ﬂali‘ll-‘.lr_lg marker alleles and QTL alleles is to identify
very tightly linked genelic markers where rcc‘nmhlmauun has never, or rarely, occurred in the evolu-
15ionary history of the species. The AT and G/C single nucleotide polymorphisms (SNPs) are exam-
ples of tightly linked genetic markers that _uuuld h.c used for selection in the progeny of both parent
Tree | and Tree 2 (i.e. TC remains associated with regardless of crossovers between the more

loosely-linked QTL and marker (A,B) loci).

Fig. 19.1. Why linkage disequilibrium in fo




2. Direct selection based on gene coding for target traits
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2. DIRECT SELECTION
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1. 35 TWQO STAGE SELECTION
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2. 715 Combined with Index selection
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QTL Test Statistics

P=0.90 P=0.50 P=0.01 P=070
e H-I-I--I—I—H*I~I-H+I—I+I-|-|-I HHHHH-H H~|+H+i‘. H--H-HHHH - —
2 3
M, gene 1 M, gene Ms gene My gens 4 Ms

Fig. 19.4. Comparison of the relative power-of the candidate-gene-based association genetics ap-
proach compared to the QTL approach for identifying individual genes controlling phenotypes n
populations where linkage disequilibrium decays rapidly. In the QTL approach, the vertical axis is
the test statistic for the presence of the QTL affecting the phenotype and the horizontal axis 1s the
chromosome or linkage group with the positions of genetic markers (large vertical bars). The solid
curve represents the likelihood function testing for the presence of a QTL linked to the marker loci
(M) in a mapping experiment using a segregating population of modest size. Positions on the likeh-
" hood curve above the P = 0.05 significance threshold are significant for the presence of a QTL.

Thus, the region bounded by markers M, and M, harbors a QTL. In the association genetics ap-
proach. SNPs (small vertical bars in the figure) within four different, previously identified candidate
genes are tested for association with the phenotype and only SNPs within gene 3 were significant
(i.e. allelic differences in candidate loci 1. 2 and 4 were not significantly associated with phenotypic
differences). SNPs not within candidate gene loci were not tested for association with phenotype t©
reduce the overall size and cost of the experiment. This hypothetical example shows how the QTL
approach would not determine whether gene 2 or gene 3 was associated with the phenotype whereas
tl?e candidate-gene-based association approach excludes gene 2 and implicates gene 3 as being asso-
ciated with the phenotype. The favorable SNPs (i.e. alleles) in gene 3 can now be used for direct
marker-assisted selection for both within family and among family selection because SNPs within
gene 3 are unlikely to recombine with the causal polymorphism in gene 3.
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Molecular Plant Breeding Approach

such as RNA-Seq, RAD-Seq, GBS.

SOAPsnp, or GATK

SNP is a single nucleotide (A, T,CorG)
mutation, and can be discovered from
PCR, Next generation sequencing (NGS)

Tool: BioEdit, DNASTAR, SAMtcols,
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{ Marker Discovery ‘ §5R is repeating sequences of 2-5 (most of them) base
pairs of DNA such as (AT)n, (CTC)n, (GAGT}n, (CTCGAIN
(SN P! SSR) Tool: SSRLocator, BatchPrimer3, MEGAB, BioEdit

e

( Genetic Diversity

Analysis

83

Genetic Map
Construction

mg

¥

Association 1_ Linkage/QTL
Analysis Mapping
= e

"/_/

MAS/GWS Marker Identification W
: (SNP, SSR Markers)
A tamertonatis 1 o Add  Dom | .. R2
//\ effect effect %)
Marker-assisted { Genome-wide CoP930721 82 0.123 0422 4463 6.1
Selection Selection CoP930934 82 0.076 0274 2807 39
. oS

SNP markers

Molecular Breeding




Integrated genomics and breeding activities
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\O GENOTYPING PLATFORMS ({

® DArT lilunisufulgsnugng

DIVERSITY ARRAYS TECHNOLOGY

® Crop improvement in polyploid species are hampered
by the complexity of the genome and the difficulties to
develop high-throughput genotyping platforms. r

DIVERSITY ARRAYS TECHNOLOGY (DART)
AN INEXPENSIVE AND HIGH THROUG

WHOLE GENOME GENOTYPI
Y SHOWN FOR RICE
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DArT Application

Why DAFT DAIT and DArTseq are used for:

* Genome profiling and diversity analysis
Quality Assurance

Il

» Genetic and physical mapping (applied in many genome sequencing projects)

DArTseq » Identification of quantitative trait loci (QTL)

* Rapid introgression of genomic regions in accelerated backcrossing programs
DArT Application

+ Simultaneous marker-assisted selection for several traits

Microarray . )
o0 * Genomic Selection

« Varietal identification of crops and genetic purity testing

* Monitoring the composition of complex DMA samples (microbial, populations, etc.)
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Genotyplng By Sequencing, GBS

What iS GBS ?

® GBS, is a method to discover single nucleotide
polymorphisms (SNP) in order to perform genotyping

studies, such as genome-wide association studies (GWAS).

V7

1. DigestDNA

2. Ligateadapters 3 pool DNAs

with barcodes

Elshire et al. 2011

4.PCR

.PLoS One

5. lllumina
sequencing

® GBS uses restriction enzymes to
reduce genome complexity and
genotype multiple DNA
samples. After digestion, PCR is
performed to increase fragments
pool and then GBS libraries are

sequenced using next generation
sequencing technologies



https://en.wikipedia.org/wiki/Single-nucleotide_polymorphism
https://en.wikipedia.org/wiki/Single-nucleotide_polymorphism
https://en.wikipedia.org/wiki/Genotyping
https://en.wikipedia.org/wiki/Genome-wide_association_study

mutation
Use:

Single Nucleotide Polymorphism (SNP)
SNP: ~ DNAmolecu/g
Asingle nucleotide (A, T, C or G)
] SNP

+ genetic and genome mapping,

O - Association studies, Version1 GULDGWLE
+ Genetic diversity analysis, and

« Tagging important genes

Approach: Version 3 m

* SNP discovery from High throughput -
Next generation sequencing (NGS) —

(http://learn.genetics.utah.edu/content/p
RNA-Seq, RAD-Seq, GBS etc. .
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fact-sheet/
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A genome-wide association study is an approach that involves
rapidly scanning markers across the complete sets of DNA, or

genomes, of many people to find genetic variations associated

National Human Genome | With @ particular disease.
Research Institute

e | & Secure | https//www.genome.gov/20019523/¢

Research Funding Research at NHGRI Health Education Issues Newsroom Careers About

genome-wide association study (GWA study, or GWAS)=whole genome association study

Fact Sheets

A Brief Guide to Genomics

Genome-Wide Association Studies

@ What is a genome-wide association study?
About NHGRI Research © Why are such studies possible now?
@ How will genome-wide association studies benefit human health?
About the Intemational HapMap @ What have genome-wide association studies found?
S @ How are genome-wide association studies conducted?
Biological Pathways © How can researchers access data from genome-wide association studies?
©@ What is NIH doing to support genome-wide association studies?
Chromosome Abnormalities
Chromosomes
Cloning
i Wi iati ?
Comparative Genomics What is a genome-wide association study?
DNA Microarray Technology A genome-wide association ;tudy _|s lan approat.:h that !nvolves rapldly ;cannlng markers acros§ the comp_lete sets_of DHA, or genaome
of many people to find genetic variations associated with a particular disease. Once new genetic associations are identified, researchs
DNA Sequencing can use the information to develop better strategies to detect, treat and prevent the disease. Such studies are particularly useful in
finding genetic variations that contribute to common, complex diseases, such as asthma, cancer, diabetes, heart disease and mental
Deoxyribonucleic Acid (DNA) ilinesses.
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Demonstration of Genome-Wide Association Studies for Identifying
Markers for Wood Property and Male Strobili Traits in Cryptomeria
Jjaponica
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Genome-wide association studies (GWAS) are an alternative to bi-parental QTL mapping in long-lrved
perennials. In the present study, we examined the potential of GWAS in conifers using 367 unrelated plus
trees of Cryptfomeria japonica D. Don, which is the most widely planted and commercially important tree
spectes in Japan, and tried to detect sigmificant associations between wood property traits and quantity of
male strobili on the one hand, and 1,032 single nucleotide pelymorphisms (SNPs) assigned to 1,032 genes
on the other. Association analysis was performed with the mixed linear model taking into account kinship
relationiilpd AAPsubfopulation structure. In total, 6 SNPs were found to have significant associations with
the variations in phenotype. These SNPs were not aszociated with the positions of known genes and QTLs
that have been reported to date, thus they mayv identify novel QTLs. These § SNPs were all found in
sequences showing similarities with known genes, although further analysis ts required to dissect the ways
in which they affect wood property traits and abundance of male strobili. These presumptive QTL loct
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Abstract

The tomato (Solanum lycopersicum L.) is a model plant for genome research in Solanaceae, as well as for studying
crop breeding. Genome-wide single nucleotide polymorphisms (SNPs) are a valuable resource in genetic research and
breeding. However, to do discovery of genome-wide SNPs, most methods require expensive high-depth sequencing.
Here, we deseribe a method for SNP ealling using a modified version of SAMtools that improved its sensitivity. We
analyzed 9o Gb of raw sequence data from next-generation sequencing of two resequencing and seven transeriptome
data sets from several tomato aceessions. Our study identified 4,812,432 non-redundant SNPs. Moreaver, the workflow
of SNP calling was improved by aligning the reference genome with its own raw data. Using this approach, 131,785
SNPs were discovered from transcriptome data of seven accessions. In addition, 4,680,647 SNPs were identified from
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1\3 b Glossary of Terms Commonly Encountered in Plant Breeding (

AN AZANNYINE
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®A-

Allele: alternate forms of a genetic locus. For example,

locus determining eye colour, an individual might

P
PRt

~ allele for blue eyes, brown, etc.

%



1 ® B Breeding: the intentional development of new forms or ({

varieties of plants or animals by crossing, hybridization, and

selection of offspring for desirable characteristics

® C Chromosome: the structure in the eukaryotic nucleus and in

the prokaryotic cell that carries most of the DNA




l§ ® Cross-over: The point along the meiotic chromosome where the ({

/ . | |
exchange of genetic material takes place. This structure can often be
O
identified through a microscope
® Crossing-over: The reciprocal exchange of material between homologous
ﬁ chromosomes during meiosis, which is responsible for genetic recombi

The process involves the natural breaking of chromosomes, the exc

chromosome pieces, and the reuniting of DNA molecul i
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Domestication: the process by which plants are genetically modified by selection over

time by humans for traits that are more desirable or advantageous for humans

DNA: an abbreviation for “deoxyribose nucleic acid”, the carrier molecule of inherited

genetic information

- 7 Zygote: The product of the fusion between one of the pollen s

ell of the female gamete at fertilization. Following :
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