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Limitations of existing
DNA marker methods




' ‘ SSR marker methods

Nucleic Acids Research, 2017 1
doi: 10.1093/narlghkx093

An accurate and efficient method for large-scale SSR
genotyping and applications

Although electrophoresis can discern the differences of
SSR amplicon lengths, 1t cannot distinguish base changes
or base differences. Among the 449.71 differential SSRs,
33.68 (7.07%) had different bases but the same amplicon
lengths between two varieties so that they were deemed to
be mistaken as identical on electropherograms. For exam-
ple, amplicon AMPL1141969 has the same amplicon length
but distinct SSR genotypes in varieties F and G, which
Difficalty in could be clearly identified by AmpSeq-SSR (Figure 2C) but
intellectualization not by electrophoresis (Figure 2D). Furthermore, when the
differences of amplicon lengths were below the resolution,
they might also be indiscernible on electropherograms (e.g.
Figure 2E). Among the 449.71 differential SSRs, 221.32
(51.72%) had amplicon length differences no >3 bp (Fig-
ure 2B and Supplementary Table §7), which was the reso-
lution of CE (Figure 1E), the most accurate electrophoresis
technique.
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' ‘ Industrial standards of SSR > Purity

marker methods « Artificial mixtures, such as

adulterated seeds

 Natural mixtures, such as rape

R e AL B X FO El < Mz 77 M2 B A o
» Limited markers

NY/T 1433—2014

R  Dispute of court judgments
« |dentification of essential derived
varieties
KB SEFNE T AR MIZE SSRERIDE » Accurate identification requires parallel
experiments with standard samples
SRR, SIAAGH WL | A FURER oo S
8.4 PCR =&l 8.4 3 EMERFENET « Screening for the similar varieties,

8.4.1 TUBEAREBEREKEXBREEN the infringed varieties and the

essential derived varieties
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' ‘ SNP markers (d@teCtlon A powerful tool for genome analysis in maize:

development and evaluation of the high density

by m|Cr0array) 600 k SNP genotyping array

Sandra Unterseer', Eva Bauer'”, Georg Haberer?, Michael Seidel, Carsten Knaak®, Milena Cuzunova®,
Thornas Meitinger®, Tim M Strorm®, Ruedi Fries®, Hubert Pausch®, Christofer Bertani®, Alessandro Davassi®,
Klaus FX Mayer? and Chris-Carolin Schén'™

99.76% to 99.84%. Furthermore, two lines (DK105 and
EP1) were represented by two samples each comprised
of a single plant and a pooled sample, respectively,
showing 99.51% and 97.73% concordance. Some lack of
concordance here can be explained by residual heterozy-
gosity in the pooled samples. For determination of stable
Mendelian inheritance, 23 trios with both parental lines
as well as the corresponding F1 hybrid were analysed.
These trios revealed stable Mendelian inheritance be-
tween parental lines and their offspring in 94.3% of the
variants. After excluding the trio with the lowest call rate




' ‘ Industrial standards of SNP

marker method
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Protocol for identification of rice varieties—SNP marker method
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MNP marker

<300 bp



@ MNP marker methoc
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Fig 1. The procedure of MNPs design and MNP-Seq.
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Stages of DNA National standard of Efficiency
: de?nti fication MNP marker method Industrial standard of SSR promotion
(GB/T 38551) marker methods (Folds)
PCR 317 to 1042 markers ina 1 to 10 markers in a single PCR

amplifications | single PCR reaction

reaction

31-1042 folds

10 thousands to 1
million markers once

PCR production
detection

1 to 10 markers once

10 thousands to 1
million folds

One person identified 1,032 markers of 600 rice

cultivars in 10 days and compared them with 3000

cultivars in database




Variety 1

High-throughput
sequencing

+
C C C
Variety 2

‘ Theoretical accuracy

MNP1

MNP2

MNP3

MNP4

MNPS

MNP6

MNP7

MNP8

Error rate

5%'=5%

5%2=0.25%

5%3=0.0125%




Repeatability experiment
Rice Same library
Reproducibility experiment
Repeatability experiment
Cotton Same library
Reproducibility experiment

Actual accuracy

Experiment steps
Library construction

Sequencing

Repeatability experiment
Reproducibility experiment
Reproducibility experiment

Repeatability experiment

Reproducibility experiment

Reproducibility experiment

Reproducibility conditions

Different time
Different labs
Different persons
Different reagents
Different instruments

Markers compared

306,651

155,231

306,528

295,975

150,284

295,957

Distinct

Reproducibility rate Accuracy rate

Number

10 0.0033% 99.997% 99.998%
10 0.0064% 99.994% 99.997%
35 0.0114% 99.989% 99.994%
68 0.0230% 99.977% 99.989%
54 0.0359% 99.964% 99.982%
111 0.0375% 99.962% 99.981%

Solve problems of standard samples
Difficult to obtain

To solve the problem of accurate comparison with a large
number of varieties

EDV identification

Identification of the infringed varieties
Identification of the similar varieties
Screening for duplicated authorized varieties




‘ Theoretical polymorphism
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' ‘ Actual polymorphism

Number of alleles

6.8

6.6

6.4

6.2

5.8

5.6

54

5.2

4.8

The mean numbers of alleles in 1500 rice varieties
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' ‘ Varieties identificat

Distance distribution of 3,730,438 pairs of rice varieties
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‘ Varieties identification: Gorn

50000 - Distance distribution of 621,056 pairs of corn varieties
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' ‘ Varieties identificat

Distance distribution of 7, 503 pairs of longan

varieties
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- Cotton
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' ‘ Varieties identificat

Distance distribution of 29,883 pairs of cotton varieties
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wormwood
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' ‘ Varieties identification

The ratios of distinct genotypes



‘ Patent groups

0 ";ﬂ{f\"ﬁ&

i ‘P ‘

KW & R AE A

SN W R LA N M ARG i

W ") Av S50 K00 T Jm

% M e 2L 2005 1 D14R6E™

Uniren Stares Parent anp Thapemark Orvice

GHEMmH 2006503 m 1l
¢ MR A LA R | Voo | e | wer. | smmeen | — | I —
T6A73,305 0772712018 860 C1367. 700280500 9 1
CONFIRMATION NO. 6756
R AN 2008002 M) 18|l 23628 FILING RECEIPT
WOLF GREENFIELD & SACKS, P.C.
AW A M A 600 ATLANTIC AVENUE (R A
2 BOSTON, MA 02210-2206
HOSMBDLELP L, M)
P RVR RS L S Date Mailed: 11/06/2018
HMELRMAR. LMK A
(Y LR L RS & P LA
O AL RIS ALt o))
FHRANH EA L. NIk, W Receiptis iged of this non-p lonal patent ap The ap: will be taken up for examination
In due course. Applicant will be nom\sd as lo ma resuns of the Any g the
application must include the the US. APPLICATION NUMBER FILING DATE,

NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection
10 0 Please verify the accuracy of the data presented on this receipt. If an error Is noted on this Filing Recelpt, please
submit a written request for a Filing Receipt Correction, Please provide a copy of this Filing Receipt with the

hanges noted If you d a "Notice to File Missing Parts" for this application, please submit
any corrections to this Flling Receipt with your reply to the Notice. When the USPTO processes the reply
& * to the Notice, the USPTO will generate another Filing Receipt g the req
R Inventor(s)
Hal Peng, Wuhan, CHINA;

Ying Zhang, Wuhan, CHINA;
Long Lu, Wuhan, CHINA,

Applicant(s)
| | Jianghan University, Wuhan, CHINA;
€T 2 Cincinnati Children’s Hospital Medical Center, Cincinnati, OH;




‘ Papers

Nucleic Acids Research, 2017 1
doi: 10.1093/nar/gkx093

An accurate and efficient method for large-scale SSR
genotyping and applications
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Applications of MNP
marker method
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Seed Law

AT NI
production

Seed Law clauses which implementations required DNA identification

Support the implementation of the Seed Law

Examination and Registration Protection
approvement
60 points 37 points 34 points

Authorization

Infringement

Variety rights

11 points

10 points

33 points




Developed MNP marker methods for 34

» Developed 317-1042 MNP
markers for each species;

» The detection rates were over
95% for all species ;

» The detection accuracies were
over 99.9% for all species



' ‘ National standards for variety DNA identification

GB

v AR N BS JR ORI IR R S bR dE > The first national standard for the identification of

GB/T 38551—2020

multiple (16) plant varieties
» The first national standard for the identification of the
MY SFETE MNP RigE essential derived varieties:

» Co-construct and share DNA fingerprints

> Little dependence on standard varieties

»Elimination of aerosol pollution

»Can be implemented by ordinary operators

2020-03-06 & ¥ 2020-10-01 X &




' ‘ Establish MNP fingerprint database of
authorized varieties

I n A\ »
NEZREHDWSB O i R B b D
project contract Application prove

T A £ #@éﬁﬂtﬁj’:fom BHEHE E q’[ﬂiﬁglﬁﬂﬂﬁ'ﬁﬂ'
& T REGF 2015 52017 FETAA¥FRAME, Bk DN A?E’?&‘(ﬁﬁfﬁ

MEERUERESBRFEHHAAAAE, 2HERT

' 518671 f . 181503 fi fo 42486 4 H M AR . NAERER S ki SERE RIRL KE
7 MAGRNEREREXR, EdEPERTT 4000 £ —~
BHERRARE R DN S EUEE, TAAFHEE
RTBHES, ERARG. XK, HBRHTE, $i5 _
RRTERET EEHEH, e silels £V e
B HAER ! 45 AR SX SIS

ZO—N\#%EA

The database contains MNP fingerprints of over 10,000 rice and maize

varieties




. ‘ Authorization prospect judgment of varieties

Variety under

Similar variety

Compared markers

test
Original code Acceptation Acceptation Name Total number | Distinct Num. [Distinct ratio
code code
15006 200235 25274 R9194 305 24 0.079
15006 200235 28534 275 169 25 0.148
15006 200235 25246 K187 350 62 0.177
15006 200235 13777 ARR3203 354 63 0.178
15006 200235 21856 IS 111 21 0.189
15006 200235 23751 #APR59 347 66 0.19
15026 200236 25274 R9194 314 36 0.115
Detection rate
Alleles Rapidly dehydrated | Other varieties in
. Folds
varieties database
1 31.25% 1.20% 25.97
2 26.67% 2.38% 11.19
3 37.50% 3.88% 9.66
4 25.00% 2.73% 9.15
5 43.75% 6.36% 6.88
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Application prove
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‘ Variety authorization review

Similar varieties

Detected markers

Variety
under test Name

Total number

Distinct Num. Distinct ratio
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Application prove
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DNA 512, 54 E 3000 % M RAUAR & 4 DNA S5 4 & 38 F #t47
Thert, HEH TEMNEHBEURA, EERER. SEEXEIHH
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' Crack down on counterfeits and
@ protect variety rights

. MNP marker method (GB/T 38551-2020) SSR marker method ( NY/T 1433-2014)
Variety under . — T P
Standard varity | Compared Distinct Genetic similarity Compared Distinct
test . .
makers markers (GS) Conclusion makers markers Conclusion
SD044 mLS6 1027 335 67.38% Distinct variety 48 11 Distinct variety
SD071 =29 1030 441 57.18% Distinct variety 48 9 Distinct variety
SD075 FEML1146 1022 433 57.63% Distinct variety 48 12 Distinct variety
SD084 151k 8258 1032 15 98.55% Similar variety 48 0 Extremely similar or
identical variety
sD151 #8258 1031 15 98.55% Similar variety 48 0 7RIl
identical variety
SD107 R3S 1028 499 51.46% Distinct variety 48 13 Distinct variety
SD131 HE1383 1014 548 45.96% Distinct variety 48 15 Distinct variety
D009 B B gk 4 1030 12 98.83% Similar variety NZ?;E?;M / /
SD031 28727 955 304 68.17% Distinct variety 48 10 Distinct variety
SD082 Tt 1010 14 98.61% Similar variety N°szt;r;?;rd / /
2020B16 L2821 1033 556 46.18% Distinct variety 48 13 Distinct variety
{1208 1028 154 85.02% Distinct variety 48 5 Distinct variety
92040 1030 499 51.55% Distinct variety 48 14 Distinct variety

» The 99 rice and 68 maize variety samples were received on 25 April 2020 and after 14 days, the results of MNP marker method were delivered on 8 May.

» MNP and SSR marker methods were respectively implemented by Jianghan University and Hubei Seed Management Station, and the cross-validation of the

methods was passed
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» The seeds to be exported to Pakistan was found to

have adulteration;
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‘ Quality control for rice
counterfeit and adulteration

Blind sample Identified variety name Real name Right ()
or wrong (X)
*q
JHU1 HftHE4S, BiEE2S HHEMS J Im B Z #FF 9 L B
JHU2 F:3#05-16 Bit162 J project contract
JHU3 thaEa7, BE1E, 202, 201, iTE£109 thFa7 J . ) S
Ao SAoy RS (R L2 * T H & #: AKEIE A DNA B AR
JHU4 =EL2T, EE L, FIE1S XELH2T v
JHU5 B0, SEE2S, FEMFE968 BIS N
7 77: 550058 /A 5]
JHU6 ZfIt390 390 J
Blind sample Included varieties Determined ratios Real ratios Z F: LRXARKFRGEPFFHRIT
JHU1 92.17% 95%
JHUS JHU2 7.83% 5% -
JHU1 48.77% 50% TREAZ1E HHA: 2018 9 A 1-2019 &3 A 1
JHU9 JHU2 10.28% 10% t
JHU3 40.38% 40% '
JHU2 19.34% 20%
JHU3 27.79% 30%
SR JHU4 34.53% 30%
JHU6 17.31% 20%

» Big companies are afraid of buying fake or adulterated rice and damaging their brands




' ‘ Identification for the essential derived variety
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HERA.
KEEEETHE Oryza sativa L) FXZea mays L), KT[Glycine mar (Linn,) Merr.] 1 We published the first national standard and seven technical specifications to
T Gossypium spp.) JEA: (Arachis hypogaea L) B (Setaria italica) TR (Citrullus lanatus) identify the essential derived varieties.

IR Cucumis melo L) &I Cucumis sativus L) L # (Artemisia argyi) i (Lycopersicon esculen
um ML) 8 (Capsicum anmuaom L) \[13E [ Brassica pekinensis (Lour,) Rupr, ], B Dimocar pus
longan Lout,) R (Litehi chinensis Sonn,) Jfebk(Actinidia Chinensis) Hil%ﬁﬁ‘uuﬂg,t&ﬁﬁ{)ﬁ
tlh'fnﬂ-ﬁﬁﬂﬁﬂﬁi‘%ﬁn HAbE R EET SR 0,

One technical specification was included in the white paper on the state of

Intellectual Property Protection in China in 2019




. ‘ Develop national standards for GMO testing

e A A RS 3 IR IR SRR

GB/T 38570—2020

I
i

HYFEERBSWE
B 5 50 i
Determination for Ingredients of genetically modified plants—
Target sequencing methods
Test GMO ingredients of all plants at one time
Detect all known GMO elements and their events at one time
Completely avoid microbial contamination and aerosol pollution,
can be carried out in ordinary laboratory
> No need for extensive experience, can be implemented by BARRS =
RN SEREAER , 4
MEhFELTRENS

ordinary operators
&







