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Discussion Forum 2
Discussion on the use and

international standardization of DNA
technologies in the area of seeds

Chair: Cheryl Dollard & Berta Killermann

Prof. Dr. Kae-Kang Hwu

National Taiwan University, Separate Customs
Territory of Taiwan, Penghu, Kinmen & Matsu

Overview of DNA technologies —
current uses and applications
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Overview of DNA technologies —
current uses and applications

Questions to the audience

* Who is using DNA technologies?

» Which techniques/applications are used (PCR,
RTPCR, genotyping (fingerprinting) multiplexing,
whole genome sequencing, sequencing, ...)

Dr. Beni Kaufman

Pioneer, United States

Required elements of international
standardization




Required elements of international
standardizations

Questions to the audience

» Reference material — internationally representative
» Sample size, statistical aspects

» Accreditation standard - Performance Based
Approach

* Proficiency Tests

Fuminori Aihara

A h UPOV

Use of biochemical and molecular
markers in the DUS examination and
harmonization between relevant
international organizations
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Use of biochemical and molecular —
markers in the DUS examination
and harmonization between
relevant international organizations

Questions to the audience

* Which markers are available?

» Which marker types are most useful? advantages —
disadvantages

» What are the working sample size — statistical aspects

Date - Presenter Name

... Questions to the audience

* Suitable methods and PCR multiplexing issues for
variety identification

* The need to standardize reporting of results (depending
on methods, protocols, visualization methods, etc.)

» Markers for seed health - aspects of seed health (for
example seed borne diseases) are getting more and
more important for the increasing organic farming
market

» Species /diseases to be considered for testing
immediately

» Problematic aspects: marker — rapid development of
equipment used

° L)
Date - Presenter Name
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Overview of DNA technologies —
current uses and applications

Dr. Kae-kang Hwu

Separate Customs Territory of Taiwan, Penghu, Kinmen & Matsu

30°15TA e

Variety verification

« Suspected off-types tested against a
few possible varieties.

* Complex pattern (profile)
—~RAPD, ISSR, ...

* Pros:

—Easy to conduct
—Without prior knowledge of DNA sequence

*Cons:
— Low repeatability among labs

—May not provide enough discriminatory
power among varieties (false negative)

115, TNV212, k7 TCS17, TC189, TCSRL, K10, K16, TS,

KIS, TNT0, T, TR, CHEA, THGT, THNS, T2, TKG, The.

SSR markers on agarose gel and
polyacrylamide/sequencing gel

(f
¥
I
n
1

JF “- ==-—--—'—'--—-—-— '-'-"""

Current applications:

« Variety verification

« Purity testing

« Variety identification
« Seed health testing

* GMO testing

« Species identification

Purity testing

« Hybrid purity (Success rate for hybridization)
— Usually one marker will do
—~RAPD, ISSR, SSR, SNP, InDel, ...

« Testing for genetic purity (Variety testing)

The goal of variety testing is to determine the extent to which the submitted seed

sample conforms to the species or cultivar claimed for it.
--International Rules for Seed Testing, ISTA

— Multiple samples tested against one or a few known reference
varieties

— Complex profile in order to generate enough discriminatory power

— High repeatability

— Commonly used markers: SSR and SNP

— Multiple markers are needed

SSR analyzed with capillary electrophoresis

Pepper CAMS405 minamiyama et al. (2007) (TC)yg PIC = 0.81

R T e S S S R SR T R
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Multiple allelism of SSR

30°15TA e

Seel

Se

SSR marker

* Advantages of SSRs:

—Co-dominant marker

—Require very little and not necessary high quality DNA

—Highly polymorphic

—Simple interpretation of results

—Easily automated, allowing multiplexing

—High discriminatory power and high reproducibility
 Disadvantages of SSRs:

—Costly

—Complex discovery procedure

Multiplex PCR

560 |G

Chrl0.394 394 394 394 394 397 397
Ch08_361 358 361 361 361 358 358
7 chi07.323 317 320 320 320 320 317
Chril 24 239 242 242 239 242 242
Cch09 230 218 218 227 227 221 218
i27 Chi06207 206 206 206 206 204 206
Chril 187 186 186 186 186 186 192
Chi06 174 173 173 173 173 173 173
Chrio 158 155 155 155 155 152 152
hoth01122 122 12 12 12 12 12
Ch05.111 109 109 109 109 109 109
ch04 100 97 97 97 97 97 8

560 |G

Multiplex capillary electrophoresis

B

30°15TA Y

Seed (G

Allele called by names (repeats)

RV111 RV112 RV113 RV121 RV122 RV123
.I |v T .v.--—].-..-..-..l s =
b | - i
| ’ = —l: i T
— T3 - c
— | - | - | ERURE K-
il Ll . |
= = - l . = ]— =
i A LM
| r T

560 |G

Microsatellite attrition

squirrell et al. 2003




Suggested strategy for mining SSR
markers from 454 data at low coverage

Validation (Multiplex-ready PCR)

sequence tnmmmg

v Screen for increasing polymorphism

2 Copy number

de novo assembly

SSR mining
| MSATCOMMANDER |[ QDD |[ TRF

!

v Primer design == + Screen for reducing redundancy
with Primer3 1

NGS & SSR Mirsl!imgg

Primer / Assemb,y

Study Organism sequen Sample type Platform Mining tool SSR  polymorp
hism
Somers et al., 2011 Earthworms (Eisenia fetida) Enrichment ~ Titanium MSATCOMMANDER 48/16  CAP3
Sinama et al., 2011 Lepidoptera (Euphydryas 1/32  Enrichment Titanium QDD 3413 96/12
aurinia)
Buehleretal,  Arabisalpina 1/16 Shotgun  Titanium MSATCOMMANDER 341  34/19
2011 082
Abbott et al., 2011 Didemnum vexillum 9/8  Shotgun  GS-FLX  Custom Perlscript 775 48/12  Unknown
Techen et al,, 2010 Okaloosa Darter 1/8  Shotgun  Titanium MSATCOMMANDER 7420 39/30
(Etheostoma okaloosae) 082
Perryand Rowe,  Water strider (Gerris 1/4  Shotgun  Titanium Exact Tandem Repeat 30820 23/10  Unknown
2010 incognitus) Analyzer 1.0
Magain et al., 2010 Lichenized ascomycete  1/2  Shotgun ~ GS-FLX MSATCOMMANDER 653 20 GS de
082 novo
assembler
Duckett and Stow, Gehyra variegata Shotgun GS-FLX  MSATCOMMANDER 732 15/15
2010 .8..
Dubutetal, 2010  Zingel asper /32 Enrichment Titanium QDD 181/58
Csencsicsetal,  Dwarf bulrush (Typha 1/16 Shotgun  Titanium MSATCOMMANDER 307  30/17

2010 minima) 8.
Boomerand Stow, Australiangummyshark  1/16 Shotgun  GSFLX MSATCOMMANDER 4368 20/12  Unknown
2010 (Mustelus antarcticus) 082

Castoe etal.,, 2009 Copperhead snake 1/4  shotgun  GS-FLX  Custom Perlscript 14612
(Agkistrodon contortrix)
Abdelkrimetal,,  Fossil bone of moa 1/4  shotgun  GS-FLX MSATCOMMANDER 195  7/1

2009
Abdelkrimetal, Blue duck (Hymenolaimus  1/16 ~ Shotgun  GS-FLX MSATCOMMANDER 231  24/13
malacorbynchos) .
Lepais and Bacles (2011)

Mining tomato SNP markers from
lllumina HiSquOOO data

—Picture kindly provided by Dr. Kai-Yi Chen

Ohter primer ‘l Mismaich
Gatile 5 ; b
3 5]
. o
SNP genotyping e
Mmmer AS primer
= y
) . é
« Single Base extension (S| A= | g
Forsand SRE primer r—— T
Gatee T PCR l
¥ PCR prodact
—
Ml\mulih Nt alicke-specefic
Forward :
e AS Primet e G @ Mele-apucife »
G allele :
| A s gl —_——
Mismanchy, Con| —T
Forwand neve|
perimer
| — AS T — Gel electrophoresis
A allele 5. 5
.7 | v WA Al
Coe| tomorygole  hesenwygole  homorypos
TEVE| Notallkapecific s e— —
T alllespcif  c— —
A el apecilic — —

Characteristics of SNP markers

* Abundant

 Binary

« Stable, mutation rate lower than SSR

» May be designed to be analyzed by multiple platforms

« Less discriminatory than SSR, amendable by
increasing the number of loci

* Some platforms compatible with automation = High
throughput

* Mining SNP without reference genome is possible with
GBS (genotyping-by-sequencing)

Variety identification vs. Variety testing

The goal of variety testing is to determine the extent to which the submitted seed
sample conforms to the species or cultivar claimed for it.
--International Rules for Seed Testing, ISTA

Variety identification
Variety protection

¢ Uniqueness

o Large or unlimited scope

¢ Small sample size

e Costs aware

Variety testing
QA for Seed production
o Uniformity
o Limited scope
o Large sample size

o Costs conscious
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Nested markers

® Essentially derived

® Variety identification

® Variety purity

® Variety verification

Number of Markers

® Hybrid purity

S
>

Number of Samples

| 20%157A e

Loop-mediated Isothermal Amplification (LAMP)

- LAMP Primers are designed based on six regions as a target.
- Reaction temperature is constant ( 60~65°C).

- Efficiency of amplification is very high.

- Electrophoresis is not needed.

BFB symptom on watermelon caused by
Acidovorax citrulli (A. avenae subsp. citrulli)

--Kindly provided by Masatoshi SATO
Incorporated administrative agency
National Center for Seeds and Seedlings(NCSS)

Four main PCR strategies in GM
crops detection

Inserted gene construct
Host DNA-left - . Host DNA-right
flanking region Prorfoter  Modified novel gene  Terminator flanking rogion

T =

(1) Screening
(2) Gene-specific
(3) Construct-specific

(4) Event-specific

Specificity detection

(Shrestha et al. 2010)

| 20%157A N @

« Extract pathogen, dilute and plated on selective or semi-
selective medium.
* PCR used for identification of suspect colonies.

7-020: Detection of Xanthomonas hortorum pv. carotae on Daucus carota

iz
BE
B

100 bpladder

MKM6d  MDSA7d

mTBM7d  YDC72h

universai bang

specc band

| 20%157A e

Analysis

Real-time turbidity meter

Visual analysis . .
Real-time analysis

08

£ —— Sample 1 (Positive)

S 06 —— Sample 2 (Positive)

8" Sample 3 (Positive)

F] —— sample 4 (Healthy)

Y o v
skl 5 02

Magnesium Pyrophosphate (+) £

Products of LAMP reaction R

Reaction time (min)

Detection sensitivity : LAMP = PCR

Event- and construct-specific
detection for 8 GM maize events

>
2
8 &

g ¥ A
£ P &°

bp
570 Event176

458 Bt11
415 TC1507
293 NK603

—260 T25

224 MON863

50 MON810

‘\90 GA21
72 Zein

(Shrestha et . 2008)
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Sensitivity test for Multiplex PCR o

M HONGM 0.1025 03 05 L 5%

570 Event176

458 Bt11

415 TC1507

293 NK603

260 T25

224 MON863
50 MON810

90 GA21

72 Zein

(Shrestha et al. 2008)

| 20%157A N
seed

Quantitative PCR using event and
construct specific markers

Reference Plasmid IE ioctoclac ol T ||

Legends:
- b, it Wi || Golours A, B, C. D, €, F, G and H denate
~ curvos wilh copy numbers from 1,000,000
. 0 20 copies respoctiely in the amplicon
plat (Figure A and B). Simiay, colour
b from A to C dencte CRM 5.0, 1.0, 0.1 and
e W 0% rospectvoly (Figure C to D)
“ € SandudeoveslBl

Ao mc W0 Wc W7 WG WA

Species identification:

* DNA barcode (Kress and Erickson 2007):

— A combination of the non-coding trnH-psbA spacer region and a
portion of the coding rbcL gene as a two-locus global land plant
barcode may provide the necessary universality and species
discrimination.

— Amplicon size in 340-660 bp

— Abundant in A/T, difficult for primer/probe design

—Species is identified based on DNA sequence

30°15TA Y

L@

DNA markers for species identificatio

« Criteria:

—Species specific

—Uniform among varieties

—Single copy (optional)

—60-150 bp of sequence suitable for primer/probe design
* Methods:

—Quallitative, semi-quantitative or quantitative

30°15TA Y

Source of markers:

* Endogenous reference genes (for GMO testing)

—Maize: alcohol dehydrogenase (Adh1) » high mobility group protein
(hmga) - invertase A (ivrt) - zein and starch synthase b (SSIib)

— Canola: acetyl-CoA carboxylase (BnACCg8) and fatty acyl-ACP
thioesterase (FatA)

—Oat: avenin

—Soybean: lectin 1 (lectl)

—Wheat: acetyl-CoA carboxylase and waxy-D1

—Barley: y-hordein

—Rice: gos9 and sucrose phosphate synthase (SPS)

—Sunflower: helianthinin

Source of markers:

* Allergenic products (EU Directive 2003/89EC):
—Wheat
—Sesame
—Celery
—Lupin
—Buckwheat
— Peanuts, Cashew, Hazelnuts, Pecan, Pistachio, Walnuts




Thank you for your attention!
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