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Quantitative determination of LMOs

- T————

In some jurisdictions labeling of products composed of or containing GMOs is required.

Table 2 Labeling requirements in different countries adapted from Gruere and Rao (2007)

SPRINGER BRIEFS IN FOODD, HEALTH

AND NUTRITION

Mandatory Vs. Product Vs.
Country Voluntary labeling Process labeling Threshold level (%) o Tl Moica Milec
EU Mandatory Process 0.9 : mwwn -

1 ]-h_i aen ceae 15 d Ll

China Mandatory Process 0 =
Australia, N.Z. Mandatory Product 1 How to
Japan Mandatory Product 5 R el i a bI Test
Canada Voluntary Product 5 y y "
US.A. Voluntary Product n/a for GMOS

*

%] Springer

MACIONALMI INSTITUT ZA BIOLOGIJO
NATIONAL INSTITUTE OF BIOLOGY




Three partite PCR-based testing scheme

screening identification quantification

—

More general information More specific information

—
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Three partite PCR-based testing scheme

quantification

Event specific sequence Event specific sequence

Reference gene/endogene/species specific gene

—

More general information More specific information

*
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Quality control
For PCR (targeted element and reference gene):
Positive control as dilution series (CRM, if possible)

Negative control (water as no-template control, NTC)
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An example for ¢

uantification - plan

D

. . DNA1B Plazmids C
Experiment ID ixo Pipets used
manual (0.5ul-10ul) O manual (0.5uL-10ul) O
- DNA1A manual (10ul-100uL) ul manual (2.0ul-20ul) o
nalyst:
4 manual 0.1ul-2.5uL o multistep (0.2ul-10ul) ul manual (10ul-100ulL) o
manual 0.5ul-10uL o multistep (2.0uL-20ul) ul manual (20ul-200ul) o
multistep 0.2ul-10uL o multistep (5.0ul-120ul) al manual (100ul-1000uL) o
TARGET: 1 3 4 5 5] 7 8 9 10 11 12 13 14 15 16 17 18 19 | 20 | 21 22 23 | 24
A
B
G
i Cvi12y C\V1iz27 cvi27 Ccwv127
Lektin D | NTC1 C\V12T  1x|CVi127  10x 100x 400 1600X 8400 D293 10x | ID299  40x | D464 10x | D464 40x
i ekl E G338722 -1 G338/22 -1 G338/22 -1 G33e/22 -1 (338722 .2 | G338/22.-2 | G33g/22.-?2 | G33g22.2 NTC2
4 ax 12% 48 192% I 12% 48x 192%
F
Cv12y Cc\Viz27 cvi27 cwv127
cwv127 G | NTC1 C\V12T  1x|CVi127  10x 100x 400 1600X 8400 D293  10x | ID299  30x | D464 10x | D464 40x
G338722 -1 G338/22 -1 G338/22 -1 G33e/22 -1 G338/22 .2 | G338/22.-2 | G33g22-?2 | G33g22.2
cvier | B 3x 12x 48x 192x 3 12x 48x 192x Ll

384 plate, 20 plL reaction
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An example for quantification - results

Reference gene - lectin

Well |Sample Name Ct Comment Fill blue field=s by
D1 [NTCH Undetermined MNTC OK. Fill yellow fields by pasting entering values or
E24 |NTCZ2 Undetermined NTC OK. resulis from raw data sheet. comment.
E [ -] @ -
3 T £ 3 g3 | B 32 > & 3 g
E Sample Nama O & g 38 EE ® = o o B ?g
e g 5 : @3 5 3
k= SLOPE(C: log,,value)
D3 |DBF2z  1x 20,01375981 100 2| 100 352238] 102 60158 0546873093 | 0,093048022| 494694327 k1 -3,441287373| Stope OK. _
D4 |IDBFZ  1x 20,21079902 100/ 2| a5 8509203 4 B4RQ43DT R12 0,999545544| R1ZOK | K = RS0(Cq: log, value)
D5 |DBF2Z  10x 23,59530732 10 1| 9.96648875| 9,80223502 0,23230399| 0,023699084| 3.94604327 k2 -0, 200456866 k, = SLOPE (log,value: Cq)
D6 |IDE72  10x 23 64542487 10 1| 96379713 304604327 n2 7.851861622 f, = INTERCEPT (log,,value: Cq)
D7 |IDE7Z  1DOx 26.,9867312 1 0] 1,03152621] 1,023693413 0.007647967| 0,007375557| 2 04604327 n3 10, TORG0480 n, = INTERCEPT (log,, gopy no.; Cq)
D& [IDEF2 100w 26,97113509 1 0 1,04234206 2 04R04327 . Cvumeritvena |01 I
D9 |[IDBF2  400x 29 30471546 0.25] -0,60206]0,21BR7967)] 0,22500819 0.00866675| 0,038517487| 2 34488328 For log copy number: transfer spacies data to J6!
D10 [IDE72  400x 29,22324822 0.25] -0,60206|0,23113651 2 34488378 4 5638369 |maize 460206 |cotton
D11 |[IDE72  1600x 31,16387517 0.0625] -1,20412] 0,06312482] 00644378 0.001856838| 0,028B15075] 1,74282329 50y 4,7242759|potato CRM
D12 |IDBF2Z  1600x 31,1029339 0.0625] -1,20412] 0,08575078 1,74282329 5.3722193|rice 4.50309|sugar best
D13 |IDE72  B400x 3327553271 0,015625] -1,80618| 0,0153764]0.,01621483 0.001185714| 0,07312532] 1,1407633 40303105 [vilseed rape (100% CV127)
D14 |[IDBF?Z  6400x 33.12076764] 0015625 -1,80D618]0,01705325 1. 1407633 Log of genome copy number {2n) in 100 ng of DNA
: = e =]
B E ko 3 2 E s % L = -+ % % B 2 g E x
E Sample Name a e ;E EL EE %E% Eg ggﬁ el 3 a2 Eg E% EE %E
}f - - % “" o 3 5 ’E T o ] § E Zc b ® z L

E3 |Gaza?? 1 ax 22 20308398 6]  1,20412 -3,3058 0,1355 51 2edix 25.28852183] 25.07404a8] 0.303312] 0,0120986] 2238034182 0.01 0.22 0,07
E4 |Gazaz2 -1 3x 22 27R6E3I54 6]  1,20412 -3,3273 0. 11400512« 24 85057408 [5x 22000.72307 0.01 0.23) 0,07
E5 |Ga3&zz-1 1 24 24285814 4]  0,60206 -3,2844 0.1568[1 2xaEx £,463340477| 6.56774021] 0147644 0,0224801] 5720056322 0.03 0.87 0,26
E6 |G3zaez-1 12 2419531885 4| 060206 6,672132934 [12x 5904 R43R42 0.03 0.85) 025 Sam ple
E7 |G33&/22-1 48x 2617753251 1 o 1,772219781| 1,75004022] 0,031367] 0,0179234] 1568,414506 0.13 3.19 0,96
E& |G33a22-1 48x 262154344 1 0 1,727860655 [48x 1529, 15668 0.13 397 0,98
E11 [Gaza2 -2 3x 21,93105635 16] 120412 -3,3604 0,0719]x1 248 30,33442284] 28 7640023] 2 220783] 0,0772068] 26845 96427 0.01 0.19 0,06
E1? |Gasa22-2 3 22 0944763 16]  1,720412 -3,2544 0.1868[5x12x 27.19376178[3x 24066, 47918 0.01 0.21 0,06
E13 |Gazaize-2 12x 23,89932212 4| 060206 -3, 4844 0.0431 [T 2xa6x 8,132787617| 7.75555394] 0533483 0.068788] 7197 517041 0.03 0,69 0,21
E14 |Gazazz-2 12 2404489254 4] 060208 7.378320271 [12x 6529,81344 0.03 0.77 0,23
E15 |G33a/22-2 48x 26,00238542 1 0 1992462554 1,8064412| 0,121653| 0,0638116] 1763,325714 0.1 2.84) 0,85
Ei6 |G338/22 -2 48x 26,13740992 1 0 1,820418437 [48x 1611,071201 0.12 3.10 0,93
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An example for quantification - results

Targeted event — CV127

Well |[Sample Name Ct | Comment Fill yellow flelds by Fill blue fislds by Correct the formula if not the same
K1 |NTC1 Undsterming NTC K. pasting results from raw antering valuas or ' dilufions were used for rangens
L24 |NTC2 Undetarming NTC OK. data shaal. Comment than for endoganet
= e | L
= = 5 = = [ o g
] Sampla Mame a £ 83 5 |§ OF
2 3 £ 5
8 g = [z%8°| @ 3
Slope
K3 |IDE72 1 20,4734985 100 2| 105.3558] 101,61523] 5.28061558] 0,0520553 k1 -3 4558 oK.
k4 |IDE7T2  1x 20,5841553 100 2| a7 #vaad R12 | 0.99887] R12 Ok
ks |ID672  10x 23, 9682705 10 1| 10.29132] 10.189632| 0,14380316] 0,.0141127 K2 0, 2881
KE |IDE72  10x 23 0082581 10 1| 1008785 n2 7,84065 ~ORA
K7 |iDer2  to0x 27 3723367 1 ol 1,067834] 1.0130788| 0.07616622] 0,0751183 )
Ka |IDE72  100x 27 5320827 1 o] 0,260119] CV of ealibration curm|OK |
Ka |IDE72 400 296243273 025 -0.60006| 0.238534] 02171876 003018894 0,1389093
Ki0 |iDE7Z  400x 2;3,!12:«31::3:'4Il 0.25| -0.60208| 0,195841
K11 |ID672  1600x 31,5601875] 0.0625) -1.20412| 0065762 0,0641808| 0,00223687| 0,0348526 Measurement uncertainty caleulatesd
K12 [De7z  1600x 31.634257| 0.0625] -1.20412| 0,062598 mﬂ"g'ﬂéfﬂgj”ﬁg[;?ﬂ? ;::""’-
==0. - nis
K13 |IDE72  B400x 3380758420 00156 -1.80618] 0.014735] 00169497 0.00313196] 01847791 fines). Round MU to 2 "significant”
K14 |IDE72  B400x 33.41m95r 0.0156] -1,80618] 0.019164 digits, then ta the same % GMO.
= < %5 a o o o 2 _ E
ﬁ E T e R & 2 % 3 Pt > g o] ": g £
% = | & | 88 | 25 | 2 £8| ¢ 8 | 2 s
gz Sample Name a & r o £3 &2 [ &E 3 g £ E
= - ] = geo s = o @ .§ a .g 5
| B | & | §% | €% 5t | 5 | & |BiE| % ® H ig
- i =] a8 o - @ - a3 =
i3 |ozsama 4 3w 28 B4B4E54 16] 1.20412f asare 0.0816 [Fxt 208 0,3997781| 0.3684775] 0.0443|0,12013] 25,074 0.303311856] 00121 147 004 1,43 0.43
4 Jeasmmea 96 1043368 18] 1204127 34327 00099 1o 0,3371768]x an
[ts JG3zsaizz1 12x A0, 5582601 4] oeceosll -asa7 0, 1861 [i2xesn o.0981025| 0.002s215] 0.0073] 0.07885] 6.56774] 0.147643512] 0,02248] 141 o2 1,40] 0,42
[L6_|G33aiz2 1 12x 31,1269776 4| _0,60206 0,0877405 [12x 12x = Sample
L7 [casa/mo 1 48w 33,2501044 1 [0 0,0212273] 0.0215636] 0,0005] 0.02208] 1.75004] 0,031368630] 0,01792] 123]  nig| 1,39 0.42
L8 |Gasaiz2 -1 48x 33,2122359 1 7 00218909 [4ax 4Bx a
L1 |G3zai22 -2 ax 28,B665907 16] 1.20412] 3.2518 0,204 [5x 2048 n.mmzk::(.amzml 0,003] 0.00763] 287641 2220782734] 0,07721] 1,38]
L2 |easazo 2 ax 28 8503842 16] 1204120 32815 0, 1741 [ax124 0,3992679 A &
IL13 [Gazaize 2 12x 30,7525432 4] o&eosl -3 2216 02340 T2 nd6n n.nzs?erla_mmﬂ 0,0082] 0.07676] 7 75655] 0 633488077] 0,06874] 1,.38]
|L14 [Gasaize -2 12x 30,9157973 4] 0.60206 0, 100E819 02 12x F
115 |Gasam2 2 48k 32, GR0A30A 1 1] 0,0312028| 0.0203783] 0.0026]0.08783] 1.006844] 0,121653138] 0.06381] 1,54]
|L16 |G338/92 -2 48w 32,8671883 1 1 0,0275538 485 4B
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Measurement uncertainty

small MU large MU

Fig. 17 Results of repeated measurements of the same sample can give very distributed values
around target value, representing large MU, whereas results concentrated near the target value
represent small MU
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Fig. 18 Presentation of bias.
All the measurement results
are concentrated around one
virtual point that is not the
target concentration. The
difference between this
virtual point and the real
target value is bias
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Interpretation of GMO testing result

2.0+

Only sample C should be labeled in

? line with EU legislation.
1.5+

1.0 L]

GMO content value (%)

0.5-

n;[} ¥ T L)
0.0 0.5 1.0 1.5 2.0

Measured GMO concentration (%)

Fig. 20 Interpretation of GMO testing result for labeling compliance within EU legislation. GMO
content value (arrowhead) oblained by subtracting the expanded uncertainty (vertical line, calcu-
lated using 40% as relative MU) from the measured GMO concentration (circle) is used to assess
compliance with the EU legislation (dashed line), Samples with GMO content value (arrowhead)

- above the threshold value (dashed line) should be labeled, in this case only sample C
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D

Two approaches for determination of MU

Bottom-up approach: calculates all the individual factors influencing the final result.

Top-down approach: practical approach for GMO detection. In this approach, data from collaborative
trials and sample analyses, including all the factors influencing the MU during the analytical

procedure, are used as a source for estimation of MU.
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Bottom-up approach

Used for measurements in the frame of NIB as a holder of national standard for nucleic acid analysis.

Bureau
T International des SIGN IN (&)

T Poids et
¢ Mesures

Coordinating the world-wide measurement system toensure NIB IS dESIgnatEd lnStItUte fDr amDUﬂt

comparable and interf@tionally accepted rrleasur'ementﬁ y : of su bStaﬂCE/BiOa nal"fSIS of
| NucleicAcids/GMOs and
Microorganisms (from 05 March 2010)

GD ABOUT U5 COORDINATION LIAISON TECHMICAL/SCIENTIFIC PUBLICATIONS & EVENTS

CIPM MRA participants

The CIPM MRA is open to the NMIs of Member States, to the NMIs of Associate States and Economies, and to certain international
arganizations invited by the CIPM.

There are 250 institutes participating in the CIPM MRA, comprising 97 NMIs, 4 internatienal organizations and 149 designated institutes.

;
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Example for bottom-up approach

Oilseed rape GT73 measured using dPCR
* Repeatability and intermediate precision for GT73 (uC,..s73) and Fat (A) (UC, . raia)

* Pipetting/preparation of dilutions (calculated based on previous experiments with gravimetric
preparation of dilutions) (uD)

* Volumen of partitions (Bogozalec Kosir et al., 2017) (uV,)

* Homogeneity of material (uH)

Standard uncertainty:

2 2 2
5. o (ucprecGT?S) 4 (ucprecFar(A)) I (UD)E 4 (qu) + ul?
C —_— == === _ e
Cer73 Crat(a) D Va

I



Measurement results

Fat(A) Technical replicate GT73 Technical replicate

Sample 1 2 3 Sample 1 2 3
Dayl T2-1 10x 60262 60786 59658 Day1 T2-1 1x 2732 2739 2813

T2-2 10x 64650 65970 67166 T2-7 1x 3077 2916 2957

T2-3 10x 52287 52655 53474 T2-3 1x 2465 2467 2455
Day 2 T2-1 10x 61731 64297 58620 Day 2 T2-1 1x 2784 2750 2781

T2-2 10x 63719 64129 64854 T2-2 1x 2937 2912 2893

T2-3 10x 47656 48247 53002 T2-3 1x 2426 2505 2440
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Calculations of measurement uncertainty

Anova: Single Factor

Anova: Single Factor

Fat[A)

SUMMARY
Groups Count Sum Averoge \Variance

Row 1 3 180706493 602355 318896,3

Row 2 3 19778619 6B5928,73 1584150

Row 3 3 158416027 52805,34 3690617

Row 4 3 184648,128 61549,38 B0OS1884

Row 5 3 192700,848 64233,62 3302797

Row 6 3 148905,642 49635,21 8590049
ANOWVA

Source of Variation 55 df MS F P-value F crit
Between Groups 6,28E+08 5 126E+08 39,12451 5,06E-07 3,105875
Within Groups 38548642 12 3212387
Total 6,67E+08 17

Uy M = ﬂ'irSlwt ween ‘.-M Swil-hin

VJE Uipl = \/

Measurements/experiment =9

nf N

GT73
SUMMARY
Groups Count Sum Averoge Varionce
Row 1 3 828433663 2761,446 203483
Row 2 3 894557718 2983,192 6973,832
Row 3 3 738680938 246227 3686668
Row 4 3 B315,33626 2771,779 360,2333
Row 5 3/ B742,09273 2914,031 4804544
Row 6 31 7371,97021 2457,323 1780963
ANOVA
Source of Variation 55 df MS F P-value F crit
Between Groups 7397713 5 1479543 76,08717 1,15E-D8 3,105875
Within Groups 2333444 12 1944536
Total 763105,8 17

Number of ekspeiments = 2




Calculation of MU

T

.y Standard
(;i Distribution Divisor uncertainty
i (%)
Repeatability and intermediate precision for 07 normal 1 07
GT73
Repeatability and intermediate precision for
P pa | 'ate precis 8.9 normal 1 8.9
Fat(A)
Partition volume 2.9 normal 2.1 1.4
Pipetting 3.1 normal 1 3.1
Homogeneity 2.8 normal 1 2.8
u, 9.95
k 2
Expanded measurement uncertainty (U) 19.90
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Top-down approach — used at NIB

Used for measurements in routine GMO diagnostics.
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Table 20 Measurement results obtained on routing yamples (n=2) and caleulstion of the relative

difference
Mean GMO Relative
Analysms  GMO GMO conceniration difTerence
numiber concentrotion <, concentration g Mean ¢ Dhfferenced rad
. u \ [%] %] %]
An example of calculation of MU using data from routine Golams | 015s o146 0.150 0009 ST07
- = G199/06 0,143 0.178 0161 00nis 21.737
samples (modified from Zel et al. 2009 and Trapmann et GIE 0200 0210 0205 onl0 4Em
al. 2009). Two measurement are done for every sample. s Ca P i S
G126/08 0415 0,292 0334 0123 34,795
GlIaXDR 0456 0556 .506 0 iy 19,763
Glo105 0440 0638 1530 0198 35,720
G23206 0738 0651 0695 (0087 12,465
. Gl21105 RO T 221 M.282
FOI' 6018/ 05 G'I-‘IH'OEI ?g{: ?i@u ?3:‘; EAW 31680
G336 1.262 151 1 386 0.24% 17.976
Meanc=(0.155+0.146)/2 =0.150 GOI305 1948 1.250 1.509 0.608 13,681
GLI505 1.582 1677 I &30 0,094 5.793
; : G23706 2117 2141 2120 0.024 1.12%
The absolute difference () between ¢, and ¢, is calculated: GITS5 2174 2276 2200 0.052 2356
= G765 2371 2157 2 64 0215 0. 492
GOIs0s 232 2456 2389 0134 5.606
d=|c -q¢,| d= |0.]55— 0-146| = 0.009 GIODS 3332 1922 2627 1410 53,682
G476 2801 1.54% iy i 1] .344 12.639
: : ’ Gio4ns 4321 1856 4088 0465 11.362
The relative difference between ¢, and ¢, is calculated as GIOId 4901 4776 4830 0.125 2.581
Gl I?Fﬂ:‘r ::l!—'- 5464 534.‘;' 0230 4300
rad = (d | Meanc)*100 rad = (0.009/0.150)* 100 = 5.707 s o i i iee
G905 199402 19,550 19.745 0313 1.586
GO21105 2143 20127 21635 EN ][ 13.042
GI3008 21675 22608 22142 0933 4214
’ ‘ COONS 24 448 22302 2375 2146 9.179
From a set of calculated differences (d) and relative GIO20S 36473 41474 38973 5.001 12.892
) ) GOTY08 46502 44,400 45.456 2093 4.605
differences (rad), the average difference (Meand) and SEs e s s 1635 a0
average relative difference (Meanrad) are calculated. GIIWS 63669 54,036 58,850 962 16362
GIO1AOR 6l 346 6l.204 61320 0.052 0.085
G1A505 56800 71072 64301 15,163 11 540
Gl1205 63804 66,282 66043 0477 0.723
GI7408 [ 75.231 T2010 LErE B.47

GO9308 B6.590 85354 85972 1.236 1.438
GIFR0R 114636 B1.3E5 98.011 33723 33926
Mean 21.273 23N 14.140




Table 20 Mecasurement results obtained on routine samples (= 2) and calculatgion of the relative

difference
Mean GMO Relanve
Analysis  GMO GMO conceniraton difference
number concentration g, concentration g, Mean ¢ [ fferenced rad
. . . . . [%] %] %]
The within laboratory standard deviation (s;) is calculated GoIams 0155 o146 0.150 0009 5707
from Meand divided by factor d, (1.13 in the case of two i e i s o e
independent measurements): s a3 0 O34 oo imen
G126/08 D415 0292 0354 0123 34795
Gl6208 0456 0,556 0506 0, 10 19.763
s, = Meand | d, 5, =2.731/1.13=2417% pas o= i e s s
G121/05 06649 (.80 0.TRO 0221 28282
G230006 1.082 1.490 1.286 0407 31.680
T i i G133/06 1.262 1511 1.386 0.249 17.976
Within laboratory reproducibility relative standard i s T i i
deviation (RSDg) is calculated using Meanrad and d,: Gu06 2117 2141 2129 0024 1.126
G175/05 2.174 2226 2200 0.052 2.356
G17615 21371 2157 2264 0215 0.492
GOI5035 23 2456 2 3E0 0134 5.606
RSD, = Meanrad | d, RSD, =14.140/1.13=12.513% e T s e e i
G405 4321 1R85 4 088 0.463 11.362
G034 4 901 4776 4839 0.125 2.581
The expanded uncertainty U , corresponding to a e By 2 e e
confidence level of approximately 95%, is obtained by Sl e e o G s
multiplication of RSD; by coverage factor k = 2. et s ik i
GOO005 24 448 22302 11375 2.146 9.179
G025 36473 41474 38073 5.001 12.832
GOT208 46502 44,400 45456 2003 4,605
U= RSDR *2 U=12513%2 = 25.026% GI24/08  48.186 49881 29,034 1.605 1.457
Gl3108 51.450 57.181 M3l6 5731 10.551
G13305 63,665 54.036 58850 9.629 16.362
GlO108 6l 346 6l 294 61320 0.052 0085
G13505 56,800 T1.972 64,300 15.163 21,540
Gl1205 65 804 65282 G643 0477 0723
GI1T4/08 68 TER 75.231 T2010 6443 R.O47

G908 B6.500 B5.354 B5.972 1.236 1.438
GISEM0E 114636 B1.385 98011 33251 33.926
Mean 21273 13N 14.140




An example for quantification - results

Targeted event — CV127

Sample

Waell|Sample Name ct |  comment Fill yaliow flelds by Fill blue Nelds by o
K1 INTC1 Undeterming NTC OK. pasting results from @Aw antering \alues or diluions were used for trangens
L24 |NTCZ2 Undaterming  NTC OK. dala shest. commentL {han for endogens!
I = 2 2] =
= =g o BPues 30 g
] Sample Name 8 £ g3 =z |E0E
= o gE e 5
6 |79 |°% |z%2°| & 3
Slope
K3 |72 204734985 100 2| 105.3556] 101.61523| 5.28061558| 0,0520553 ki1 -3,4556 OK.
K4 |iD672  ix 20,65841553] 100 2| 67 87461 R12__ | 0,95887] R12 OK.
K5 |iDB72 _ 10x 23 0682705 10 1] 10.26132] 10.189632] 0,14380316] 0,0141127 k2 0,280
K6 |iD672  10x 23 9082581 10 1] 10,08795 nz 7.94065 ~DRAA
K7 |De72  100x 27 3723357 | o| 1.067834] 1.01397686| 0.07616622] 0,0751163 s
K8 |IDeT2  100x 275320027 1 0| 0,560119] CV of calibralion cure|OK] |
Ke D672  400x 29.6243273]  0.25| -0.60208| 0,238534] 0.2171878| 0,03018894] 0,1380093
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K12 |ie72  1800x 31.634257] 0,0625( -1,20412| 0, 062500] mw"f‘ﬁ"ﬂ&“ﬁﬂ“ﬁ’?&[ﬁfﬁ?ﬁ ;j:%'
==0. = plants
K13 |iD672  B400x 33,8075842] 0,0156] -1.80618| 0,014735] 0,0169497| 0,00313198] 0,1847791 nes), Round MU 1o 2 "significant”
Ki4 [De72  B400x 33.412m95r 0,0156| -1.80618| 0,019164 digits, then 1o the same % GMO.
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L3 |Gasezz 1 ax 28, BAB4654 16] 1.20412F -35372]  0.0B16[exizeits 0,3807781] 0,3684775) 0,0443|0,12013] 25.074] 0,303311856] 0.0121 147 004 143] 043
I EETEEE 29,1043368 18] 1.20412] -3.4327]  0,02985m12x 0,3371768 ' 3x
(5 |32z 1 12x 30,6502601 4] 060206 3.6417] 01861 faxas 0,0981025| 0.0929215] 0,0073] 0,07885| 6.56774] 0.147643512] 0,02248] A1 0,09] 740] 042
(s [Gasaizz 1 1o 31,1260776 4] 0.60006 0,0877405 2% 12x o
L7 [Gasaizz -1 48x 33,2591044 1 0 0.0212273| 0.0215636] 0.0006]0.02206] 1.75004] 0.031366638] 0,01792] 123 016 1,38] 0.42
le [Ga3siz2 1 4 33,2129350 1 ] 0,0218996 fa8x 48x r
[0 [G3322 2 ax 28, 8665907 18] 120412] 32518]  0,2041[miztes 0,3640842| 0,3971261] _0,003] 0,00763] 28, 7641] 2.220782734] 0,07721] 1.38]
L1z [casazz 2 ax 28 8503842 16] 1.20412] -3.2815] 01741 0,3982679 ax r
03 JGasaizz 2 12 30,7525432 4] 060006 3.2216]  0.2340[52x8x n,nz&mha.mema[ 0,0082] 0,07676| 7.75556| D,533488077] 0,06879]  1.88]
IL14 |Gasare2 2 i3x 30,9157973 4] 060208 0, 1009818 12x 12 4
035 [Gasazz 2 dex 32,6803308 1 i 0,0312028| 0,0293783] 0,0026] 0.08783] 1.80644] 0,121653138] 0.06381]  1.54]
L6 |G3sai2z 2 48 32,8671883 1 ] 0,0275538 | 48x 46
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New types of LMOs — new breeding techniques

New breeding techniques (NBTs) encompass a suite of methods designed to modify DNA and create
novel traits.

Their objective is to accelerate the development of improved crops (compared to ‘classic’ GMO
techniques).

More info:

https://www.eu-sage.eu/genome-search

http://plantcrispr.org/cgi-bin/crispr/index.cgi

https://www.europarl.europa.eu/doceo/document/TA-9-2024-0067 EN.html - current version of EU
legislation

;
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Methods involved:

Genome Editing: Precisely modify the genome by targeting specific locations within plant genes. Tools
like Zinc finger nucleases, TALENs, and CRISPR/Cas are used.

Oligonucleotide-Directed Mutagenesis (ODM): Introduce changes to just a few base pairs.

Cisgenesis/Intragenesis: Transfer genes from closely related species or incorporate reshuffled
regulatory instructions from the same species.

RNA-Dependent DNA Methylation (RADM): Alter gene activity without changing the DNA itself.
Grafting on GM Rootstock: Combine unaltered plants with genetically modified rootstock.
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Benefits and Challenges

Advantages:
* Faster trait development.
* Precision in modifying specific genes.

* Potential for disease resistance and improved yield.

Challenges:
* Regulatory debates: Should NBTs be treated like genetically modified organisms (GMOQs)?
* Lack of consistent global policies for NBT-derived products.

* Detection is possible, identification for some product is not possible, consequently control is
difficult.
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Key types of changes achieved through NBTs:

Precision Genome Editing:
Single-base modifications

Short insertions/deletions
Gene knockouts

Gene insertions

Modification of Regulatory Elements
Promoters and Enhancers

Epigenetic Changes:

Methylation patterns

¥
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Methods for detection

Detection of all changes is possible. Approaches are differing depending on the change.

Methods for SNVs, short deletions and insertions are described:

Two examples described in Bulletin 6407 VerB (Bio-Rad)

Target Assay HDR probe  Non-fluorescent probe Drop-off Reference
¥ FAM probe probe
A [ HHEX #* FAM
N
.
R ., i | J .
i A/C g 4.3 < Drop-off assay schematic
Edit site - utste
o HHEX #* FAM
ol WT tamplate — both probes bind
#* FAM
Flaterence Anssy Refaience probe - NHEJ template - only reference
# HEX indel prabia binda
¢ Fig. 7.6. NHEJ assay design.
=
Reference Gene : .n NACIONALNI INSTITUT ZA BIOLOGIIO

MATIONAL INSTITUTE OF BIOLOGY

Fig. 7.4. HDR assay design.
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Detection and Quantification of HDR and NHEJ Induced by
Genome Editing at Endogenous Gene Loci Using Droplet Digital
PCR

L

Yuichire Miyaoka, Steven J. Mayerl, Amanda H. Chan, and Bruce R. Conklin

Abstract

Genome editing holds great promise for expenmental biology and potential clinical use. To
suceessfully utilize genome editing, it is eritical to sensitively detect and quantify its outcomes:
homology-directed repair (HDR) and nonhomologous end joining (NHEJ). This has been difficult
at endogenous gene loct and instead is frequently done using artificial reporter systems. Here, we
describe a droplet digital PCR (ddPCR)-based method 1o simultancously measure HDR and NHEJ
at endogenous gene loci. This highly sensitive and quantitative method may significantly
contribute to a better understanding of DNA repair mechanisms underlying penome editing and to
the improvement of genome editing technology by allowing for efficient and systematic testing of
many genome editing conditions in parallel.
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