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BASF

4 2



 

4-
(cry14Ab-

1.b, hppdPf-4Pa, Glycine max (L.) Merr.) (GMB151, OECD 
UI: BCS-GM151-6)

1500 41

31

1
(1)

(2)

(3)

(4)

2
(1)

(2)

(3) (2)



 

(4)

(5)

(6) (1) (5)

(7)

(8)



 

1 

 
 

 
 

(1)  
 

 
 

 
soybean 
Glycine max (L.) Merr. 

 
 

 
Thorne  

 
 

 
 (G. max)  

(OECD, 2000)  
 
Glycine Soja G. soja ( : 

) G. gracilis
G. gracilis

G. gracilis  (OECD, 2000)

 ( , 2001)  
 

(2)  
 

 

17~ 11
 (OECD, 2000) 1900~2000



 

2 

 ( , 2001)
1765  (Hymowitz and Harlan, 

1983) 20
1960  ( , 2008)  

 
 

 
2019 : 3,588 ha

: 3,035 ha : 1,657 ha  (FAO, 2020)
2020 : 3.89 ha : 1.95

ha : 1.60 ha  ( , 2020a)  
 

 (
) 5  ( ) 5

 ( ) 6
4  ( ) 6 ~7  (

) 

 ( , 2001)
70 cm 20 cm

1 2~3 1 m2 15  ( , 
2008)

 ( , 
2008)  

 
2019 339.2 t

(248.5 t)  (55.1 t)  (33 t)  ( , 2020b)
2017 367.0 t 266.3 t

8.2 t 0.8 t  ( , 2020c)  
 

 ( , 2001b)



 

3 

 ( , 1992)
 ( , 1992)  

 
(3)  
 

 
 

3  ( 4 )  
(OECD, 2000)

 ( , 2001a) 2~3
 ( , 

2001)  

1~3  (
, 2001) 10~50 g  ( , 

2002)  
 

 
 

30~35  ( , 2001) 10
5~7  (OECD, 2000)

25
 ( , 2001)
 (OECD, 2000) 70%
pH 6.0~6.5

 ( , 2001)
 (Maturity group) 000 X 13

 (OECD, 2000) Thorne 3.5
 (Mcblain et al., 1993)  

 
 



 

4 

 
 

 
 

 
 

 
 

 ( , 2001)
 (OECD, 2000)
3  ( , 2001)  

 

 
 

 
 

 
 

1%
 (OECD, 2000 2.5%

 (Ahrent and Caviness, 1994) 2
15.2 cm 2

0.65~6.32% 1.8%  (Ray et al., 2003)
 

 (
, 2001) 2.3% (Kiang 

et al., 1992) 
9.3~19%  (Fujita et al., 1997)

 ( ) 



 

5 

2.2% 
(0~6.3% )  (Kuroda et al., 2008) 1

5 468 17
12

 (Kuroda 
et al., 2010)

QTL1

 (Kuroda et al., 2013)

 ( , 2016)

 (Kuroda et al., 2010)

 (Kubo et al., 2013)  

 ( , 2001)
50 

cm 0~5.89%
0.73%  (Nakayama and Yamaguchi, 2002)

0.136% 
( 25,741 35 ) 

2 4 6 m 0.013% (
7,521 7,485 7,508 1 ) 8 10 m

 (Mizuguti et al., 2010)

 
 

1 Quantitative trait loci ( ):
DNA  



 

6 

 
 

3,600  (Chiang and Kiang, 1987)
30 m  

(Yoshimura, 2011)
8  (Abel, 1970)

2 0.9 m 0.41% 5.4 m 0.03%
 (Ray et al., 2003)

1 1 cm2

0.386 2.5 m 0.694 5 m 0.309
10 m 0.077
 (Yoshimura, 2011)  

 
 

 
 

 
 

 

 
 

 
 

 ( , 2021)  
 



 

7 

 
 

(1)  
 

 
 

4-
 (cry14Ab-1.b, hppdPf-4Pa, Glycine max (L.) Merr.) 

(GMB151, OECD UI: BCS-GM151-6) ( ) 
1  

 
 

 

 
 

1  
 
1  

   

cry14Ab-1.b  

T35S 345-614 35S RNA 3’
 (Sanfaçon et al., 1991)  

 615-625  

cry14Ab-
1.b 626-4183 

Bacillus thuringiensis
(GenBank accession 

number: AGU13817.1

 

Pubi10At 4184-5490 
Arabidopsis thaliana 10

 (Grefen et al., 2010) cry14Ab-1.b
 

hppdPf-4Pa  

T35S 5596-5790 35S RNA 3’
(Sanfaçon et al., 1991)

 5791-5802  

hppdPf-
4Pa 5803-6879 

Pseudomonas fluorescens A32 4-
 

(Porée et al., 2014) HPPD-4
335 336

339
340



 

8 

 

4-
 (HPPD ) 

 (Boudec et al., 2001)   

TPotp Y-
1Pf 6880-7251 

 (Helianthus annuus)  
(Zea mays) RuBisCo

 (
55 ) (Lebrun et al., 

1996) HPPD-4

 
 7252-7272  

Ltev 7273-7399 
Tobacco Etch Virus RNA  (

)  
(Allison et al., 1985) mRNA  

 7400-7405  

P2x35S 7406-8155 
35S RNA

 
(Kay et al., 1987) hppdPf-4Pa

 
 

RB 190-214 Agrobacterium tumefaciens T-DNA
 (Zambryski, 1988)  

 215-344  
 5491-5595  
 8156-8282  

LB 8283-8307 A. tumefaciens T-DNA  
(Zambryski, 1988)  

( ) 
ftiR 1-184 pTiAch5 Ti T-DNA

 (Zhu et al., 2000  
 185-189  

ftiL 8308-8612 pTiAch5 Ti T-DNA
 (Zhu et al., 2000)  

TaadA 8613-8864 
 (Escherichia coli) Tn7

3’
 (Fling et al., 1985)  

aadA 8865-9656 
 (E. coli) Tn7

 (Fling et al., 
1985)  

PaadA 9657-10394 
 (E. coli) Tn7

 (Fling et al., 1985)  
 10395-

10400  
ORI 

pVS1 
10401-

13187 
Pseudomonas aeruginosa pVS1

 (Heeb et al., 2000)  
ORI 

ColE1 
13188-

14251 
 (E. coli) pBR322

 (Bolivar et al., 1977)  
 14252-

14361  



 

9 

 
 

Cry14Ab-1  
 

 
 
 

 ( 1)

3
 (Agrios, 1997) 10%

 (Tylenchida)  (Dorylaimida) 
4 mm 15~35 m

 (Agrios, 1997)  

C. elegans 2
48 4cm  (Young et al., 1998)

2
7 2~3 cm

 (Fujimoto et al., 2010)  
 

 (Heterodera glycines)  
(Pratylenchus spp.)  

 



 

10 

 

 (Agrios, 1997)
 (

)

2

 (Agrios, 1997; Niblack et al., 
2006)

 

 ( , 2012)

 ( )
54 60%

 ( ) 43 20%
 ( )

 
 

 



 

11 

 (Agrios, 1997)  
 

 
10~15%

 (Lima et al., 2017)

 (Phakopsora pachyrhizi)  (Cercospora kikuchii) 
 (Wrather et al., 2010)

 (Machado, 2014)
 ( , 

2016)  
 

Cry
 
Cry B. 

thuringiensis
 (

-endotoxins) 

 (OECD, 2007)
Cry

 (OECD, 2007)  
Cry cry 700

70
(Crickmore et al., 1998)  (Lepidoptera)  (Coleoptera)

 (Diptera)  (Hemiptera) 
Cry

Cry  (Cry5 Cry6 Cry12 Cry14 Cry21)
 (Wei et al., 2003, Bravo et al., 2007; Koch et al., 2015)  

 
Cry14Ab-1  

Cry14Ab-1



 

12 

(Heterodera 
glycines)  (Pratylenchus spp.)  
(Meloidogyne incognita Meloidogyne javanica)  
(Helicotylenchus spp.)  (Rotylenchulus reniformis))

 ( 9)
50%

 
10%

Cry14Ab-1  
Cry14Ab-1

Kahn  (2021) Kahn  (2021)
Jack Cry14Ab-1 2

 ( )

2  (T1 T2 )
3 2  

(OP50 3 HG  2.5.74)
30 1  

(30 ) 2  (60 )

 ( 2, p.14)

Jack Cry14Ab-1

 (
)

2 Jack Cry14Ab-1  
3   (HG  1.2.3.5.6) (Dong and Opperman, 1997)  
4 HG 7 (1-PI 548402 (Peking), 2-PI 88788, 3-PI 90763, 4-PI437654, 5-PI209332, 6-PI 
89772, 7-PI 548316 (Cloud))  
(Niblack et al., 2002)  
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 ( p = 0.00179)  ( p = 0.00156)

 ( 3, p.15) Cry14Ab-1
 

Cry14Ab-1
 (0.2-1.1 mg/ml)

 ( 10) 11 (
(Spodoptera exigua ) (Agrotis ipsilon )
(Plutella xylostella ) (Ostrinia nubilalis )

(Spodoptera frugiperda )
(Heliothis virescens ) (Helicoverpa zea )

(Pseudoplusia includens ) (Diatraea saccharalis)
(Diatraea grandiosella)

(Anticarsia gemmatalis)) 1  (
(Diabrotica virgifera )) 1  (

(Nezara viridula )) 6 ( (Ustilago avenae )
(Septoria tritici ) (Sclerotinia sclerotiorum)

(Rhizoctonia solani) (Botrytis cinerea)
(Alternaria alternata))

Caenorhabditis elegans
C. elegans

 
Cry14Ab-1

 (Apis mellifera)  
(Folsomia candida)  (Eisenia fetida)  (Coleomegilla 
maculata  Coccinella septempunctata)  
(Chrysoperla carnea)  (Daphnia magna)

 ( 1)
Cry14Ab-1  ( 2, p16)  

Cry14Ab-1 Kahn  (2021)
Cry14Ab-1  (1mg/mL) C. elegans

Cry14Ab-
1 Cry
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Cry14Ab-1 COMPARE
(version: COMPARE 18 5, :2018 6 7 ) 

 
 

(Kahn et al., 2021) 

2 Cry14Ab-1  (
) 

(Cry14Ab)
 (Control)  ( )  ( ) 25 75

 ( ) 5 95  ( )  ( ) t (p<0.05)
 

(a T1 H.glycines (OP50 ) 30  (p 0.0001 t
4.8, df=137) (b T1 H. glycines (OP50 ) 60

 (p < 0.0001, t=5.1, df=56) (c T2 H. glycines (OP50 ) 60
 (p 0.0001 t 10.0, , df=82) (d T1 H. glycines (HG

2.5.7) 30  (p = 0.03, t= 2.3, df=16) (e T2 H. 
glycines (HG 2.5.7) 60  (p 0.0001
t 6.2, , df=12)  
 

 
 
 

5 COMprehensive Protein Allergen Resource (COMPARE; http://comparedatabase.org/)
International Life Sciences Institute’s 

Health and Environmental Sciences Institute (ILSI-HESI) 
2015 5 2016 5 National Center for Biotechnology (NCBI) 

 (IgE )  
(COMPARE18 2038 ) NCBI 1 1

2016
AllergenOnline  



 

15 

 

 
 
 
 
 
 
 
 
 
 

(Kahn et al., 2021) 

3 Cry14Ab-1  (
) 

 ( )  (Cry14Ab)
 (Control)

 ( )  ( ) 25 75  ( ) 5 95  ( )  ( )
60  (Mid-season)  (End-of-season) H. 

glycines  ( )
ANOVA  (F= 10.447, p = 0.00179, 

df=1,77)  (F= 10.742, p = 0.00156, df=1,71)  
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2 Cry14Ab-1  
   

 
Cry14Ab-1

EEC/EED1 ( g
) 

NOEC/NOED2 
 

MOE3 4 

 (
) 

Apis mellifera  
(

) 

0.1442 
g/larvae 

1 mg/g diet/ 
154 g/larvae 

1068  

 (
) 

Apis mellifera  
(

) 

0.8652 g/day 1 mg/g diet/ 
32.1 g/bee/day 

37  

 Coleomegilla 
maculata  

( ) 

290.44 g/g 3.4 mg/g diet 12  

 Coccinella 
septempunctata  

( ) 

299.044 g/g 1.83 mg/g 
diet 

6.3*  

 
Chrysoperla 
carnea  

( ) 

299.044 g/g 3.4 mg/g diet 12  

 Daphnia magna  
( ) 

23.2 g/L  0.50mg/L 3722  

 
Folsomia 
candida 

 
( ) 

0.32 g/g 10mg/g diet 31250  

 Eisenia fetida 
 

( ) 

0.32 g/g  0.05mg/soil 156  

1 EEC/EED (Expected Environmental Concentrations/Doses): 
 ( ) Cry14Ab-1 Cry14Ab-1

 
2 NOEC/NOED (No Observed Effect Concentrations/Doses): 

10
( ) NOED 1mg Cry14Ab-1/g

1 ( ) 154 g 32.1 g
 

3 MOE (Margins of Exposure): 
 (Rose, 2007)  

4 MOE 10  (Rose, 2007)  
* C. septempunctata 10

MOE 25  
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HPPD-4  
 

4- (4-
hydroxy phenylpyruvate dioxygenase (EC 1.13.11.27)) ( HPPD

) 4-  
(4-HPP) 1  
(HGA)  ( 5, p.19) HGA

 (Brownlee et al., 2004)
HGA

 
(Fritze et al., 2004) ( 4, p.18)  

4-  (
HPPD ) 1

2- -3-(2- -4-
)-3- -  (

DKN ) 
DKN 4-HPP HPPD

HPPD HGA

 (
5, p.19)  

HPPD-4 P. fluorescens A32 C
335 336

339 340
 

HPPD-4 COMPARE  
(version: COMPARE 18, :2018 6 7 ) 
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4 HPPD  
 

  
CS: chorismate synthase 4-HPP: 4-hydroxyphenylpyruvate 
CM: chorismate mutase HPPD: hydroxyphenylpyruvate dioxygenase 
E4P: erythrose 4-phosphate TAT: tyrosine aminotransferase 
PEP: phosphoenolpyruvic acid HmgDO: homogentisate 1,2-dioxygenase 
PAT: prephenate aminotransferase HPT: homogentisate phytyltransferase 
ADH: arogenate dehydrogenase HGGT:homogentisate geranylgeranyltransferase
ADT: arogenate dehydrogenase MAAI: maleylacetoacetate isomerase 
PDH: prephenate dehydrogenase FAA: fumaryl acetoacetase 
HGA: homogentisic acid  



 

19 

A. HPPD  
 

 
 
 
 

 
 
 

 
 

B. HPPD  
 
 
 
 
 
 
 
 
 
 
 

5 HPPD-4  
 

HPPD 4-  (4-HPP)  (HGA) 
HPPD HPPD

 (A) HPPD-4 HPPD
4- HPPD

 (B)  
 

 
 

HPPD

(HGA)
4-

(4-HPP)

HPPD-4

HPPD

HPPD

(HGA)
4-

(4-HPP)

HPPD
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Cry14Ab-1  
Cry Cry14Ab-1

 
 

HPPD-4  
HPPD-4 HPPD

HPPD 4-
 (4-HPP)  (HGA)  

 2 1  HPPD
HGA E

 ( 4, p.18) HPPD-4
HPPD HPPD

HPPD

 (Mène-Saffrané and Dellapenna, 2010)
HPPD

 (Tsegaye et al., 2002; 
Falk et al., 2003; Raclaru et al., 2006; Farré et al., 2012)

4-HPP
 (Tsegaye et al., 2002; Falk et al., 2003; Raclaru et al., 2006; 

Mène-Saffrané and Dellapenna, 2010; Farré et al., 2012)
-  ( E) 

HPPD-4
 

 
HPPD HPPD

HPPD
4-HPP

 (PP) 3,4-  
(3,4-dHPP) -  (KIC) - - -( )  
(KMTB)  ( 2) 4

4-HPP PP KIC



 

21 

KMTB 3,4-dHPP
 ( HPPD; 6.7%, HPPD-4; 2.7%)

in vitro 3,4-
dHPP  ( 3, 
Table 3, p.14)  

 
HPPD-4 3 HPPD W336

HPPD
FG72  (Avena sativa L.) AvHPPD-03

p-
SYHT0H2

 ( 28 11 25 ) HPPD
 

 
HPPD-4 HPPD

-
HPPD-4
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(2)  
 

 
 

pSZ8832  ( 6)  

6 pSZ8832



 

23 

 
 

 
 

pSZ8832 14361bp  ( 4)
6 (p.22)  

 
 

 
pSZ8832 T-DNA

 
aadA E. coli

 
TPotp Y-1Pf  (H. annuus)  (Z. mays) 
RuBisCo HPPD-4  
(Lebrun et al., 1996) 55

 
Ltev Tobacco Etch Virus RNA  (

) mRNA
(Allison et al., 1985)

E. coli pBR322  (ORI ColE1; Bolivar et al., 1977)
P. aeruginosa pVS1 (ORI pVS1; Heeb et al., 

2000) E. coli A. tumefaciens
 

 

 
 

pSZ8832  
 

(3)  
 

 
 

pSZ8832 T-DNA T-DNA
6 (p.22)  
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HPPD
 

 

 
 

T6  ( 7, p.26) 
10 1 3

DNA T-DNA pSZ8832
PCR

 
 

 

Thorne
pSZ8832

HPPD 1
 (T0 ) T1

7 (p.26)  
 

2019



 

25 

 
 



 

26 

 
 

 
 

7  
 

 



 

27 

 
(4)

 
 

 
 

DNA
NCBI Genome Reference Sequences6 Glycine max

7
 

 

 
 

NGS PCR
 ( 5 6)  

 
 (T2 : 7, p.26) 

125bp  (Illumina R  HiSeqTM) 
7 75

DNA

DNA

 (Junction sequence analysis ) 2
pSZ8832 RB LB

1 1 T-DNA
 

6 NCBI Genome Reference Sequences -Glycine max: NCBI Reference Sequence
 (Glycine max) : 2018 3 13

7 75
 (Kovalic et al., 2012
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T-DNA
PCR DNA 5’  

(1000bp) 
DNA 3’  (1000bp) 1bp

63bp  ( 8, p.29)
1 cry14Ab-1.b

hppdPf-4Pa P2x35S 5’ 482bp
hppdpf-4Pa  

T-DNA 3’ 39bp  ( ) DNA
21bp pSZ8832

ORIpVS1 17bp 3’ 8460bp
1bp pSZ8832 NGS

DNA
21bp  

 
T-DNA  (T2 T4 T5 T6 : 

7, p.26) NGS
T-DNA  
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8 

D
N

A
 

G
M

B
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A
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M

B
15

1 
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se
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n 

lo
cu

s
D

N
A
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D

 (T
ar

ge
t S

ite
 D

el
et
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n)

 
 

 
 



 

30 

 

 
 

 
 

(6)
 

 
 (T4 T6 : 7, p.26) 

6~7 Cry14Ab-1
HPPD-4 ELISA

 (
3, 7)  

 
3  (T4 T6 ) Cry14Ab-1

HPPD-4  

  Cry14Ab-1( g/g )
±  

HPPD-4( g/g ) 
±  

 
T4 240±11 109±24 
T6 231±26 148±13 

 
T4 49±14 21±3.5 
T6 38±33 18±3.1 

 
T4 124±24 2.0±0.5 
T6 114±17 2.1±0.4 

n=4  (LLOQ) 
Cry14Ab-1 0.13 g/g HPPD-4 8 g/g

1 g/g  

 
 

 
 

DNA
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(5)
 

 
Taqman

PCR  ( 8)
DNA PCR 1 5ng 80ng  
 

(6)  
 

 
 

cry14Ab-1.b Cry14Ab-1
hppdPf-4Pa

HPPD-4 HPPD
 

 

 
 

cry14Ab-1.b
hppdPf-4Pa HPPD

 ( 2 (1)  )
HPPD

 

 
 

Cry14Ab-1 HPPD-4

 

 



 

32 

1)  
2)  
3)  
4)  
5)  
6)  
7)  
8)  

 
 

 
(1)  

 
 

 
(2)  
 

 1500 41 
  

5 7 31  
 

1.  
 
1) 

 
2) 

 
3) 

 
4) 
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2.  
 
1) 

 
2) 

 
3) 2)

 
4) 

 
5) 

 
6) 1) 5)  
7)  
8) 

 
 

(3)
 

 
 

 
(4)

 
 

 
 

(5)
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(6)  
 

4

 
 

4  (2021 12 ) 
   

 (USDA)  2019 3  
 (FDA)  2019 2  

 (HC)  2019 5  
(2021 5 ) 

 (CFIA)  2019 5  
(2021 5 ) 

 (FSANZ)  2019 11  
(2020 12 ) 
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Cry14Ab-1
Cry14Ab-1

Cry14Ab-1

 
 

 
 
(1)  

 

 (OECD, 2000)
2006

 
( , 2021)

 ( , 2021)  

cry14Ab-1.b
Cry14Ab-1



 

36 

 
(Lingenfelter and Hartwing, 2007) Cry14Ab-1

 
hppdPf-4Pa HPPD-4 HPPD

 (Tsegaye et al., 2002; Falk et al., 2003; 
Raclaru et al., 2006; Farré et al., 2012)

HPPD-4 HPPD HPPD
HPPD

 
 

 
 

(2)  
 

 
 

(3)  
 

 
 

(4)  
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(1)  
 

 
 2 (1)  Cry14Ab-

1 HPPD-4 HPPD

Cry14Ab-1 HPPD-4

 
Cry14Ab-1

( 1) C. elegans

HPPD-4  

 
 

(2)  
 

 ( , 
p.9)

Cry14Ab-1

Cry14Ab-1
Cry14Ab-1

Cry14Ab-1
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 (i ) Cry14Ab-1
 (ii)

 
 

(3)  
 

( i ) Cry14Ab-1  
Cry1Ab-1

 (Saxena et al., 1999; Saxena et al., 2002)
Cry14Ab-1 Cry

Cry14Ab-1

4~6

ELISA Cry14Ab-1
 ( 11) 0.002~0.003 g/g 

( ) Cry14Ab-1
Cry14Ab-1 2.59 ~4.10 g/g ( ) 1/1000

 (LLOQ)
LLOQ

Cry14Ab-1

Cry14Ab-1
Cry14Ab-1  

Kahn  (2021) B. thuringiensis 
Cry14Ab-1  (1mg/mL) C. elegans

Cry14Ab-1  (ED50) 7 g /mL
11 g /mL Cry14Ab-1

1296 2037
Cry14Ab-1 C. elegans

 
Cry14Ab-1  

( 12, p.15, Table 1) 400 g
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4  (
) 5g

ELISA Cry14Ab-1
0.1~0.3  

 
Cry14Ab-1

 
 
(ii)  

8

 ( 13)  

Cry14Ab-1

2019  ( )
2

 ( )  (
)  

86 39
69  ( 13)

8 

1) 

2) 
3) 

4) 
 ( , 2005; , 2007; 

, 2009)  
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Shannon 9 Shannon

 (p = 0.02)

 (
p = 0.67 p = 0.67)

 
Yeates (1993)  (

) 100cc
 ( 9, p.41)

 (  (p = 1.00)  (p = 0.61)  (p = 0.71)
 (p = 1.00); 13, Fig.1)

4

 
 

9 Shannon :  (richness)  (evenness)
  (Shannon, 1948)  
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9
(HH) (Null) (rhizosphere) (bulk)

100cc (predators;

t = 0.20, p = 1.00 ) (bacterivores; t = 3.09, p = 0.09) (fungivores; t = 2.04, p = 0.62)

(Omnivores; t = -0.01, p = 1.00)
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39 69

Okada  
(2007) 77% 68%

 ( 10, p.44) Okada  (2007)
 ( 94% ) ( 11, p.44)

 

99.5% 59

0.5% 27 12
15

8
 ( 5, p.45)

 
99.5% 5  (Alaimus  

Mylonchulus  Chiloplacus  Paratylenchus  Paraphelenchus)
4  

(Axonchium Diplogasteriana Paramphidelus Solididens)

4
 ( 9, p.41)
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10
Okada and Harada (2007)

 

11
Okada and Harada (2007) Okada and Harada (2007)

 (%)  
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5.

FG (food guild)  

0.5%

 
 

 

GGenera FG Genera FG
Heterodera PPI3 122.1 ± 199.0 133.7 ± 224.5 Cervidellus Ba2 0.5 ± 1.8 0.1 ± 0.4
Helicotylenchus PPI3 53.2 ± 99.6 41.2 ± 78.6 Prionchulus Pr4 0.5 ± 3.0 0.2 ± 0.9
Pelodera Ba1 52.3 ± 58.3 34.7 ± 41.1 Diplogasteriana Om1 0.4 ± 1.7 1.3 ± 6.8
Aporcelaimellus Pr5 37.2 ± 47.2 32.6 ± 44.7 Lelenchus PPI2 0.4 ± 1.1 0.3 ± 0.9
Aphelenchoides Fu2 18.1 ± 24.3 12.0 ± 18.5 Metaporcelaimus Om5 0.4 ± 1.0 0.5 ± 1.9
Pristionchus Om1 17.1 ± 25.0 12.6 ± 18.6 Tylenchorhynchus PPI3 0.4 ± 1.7 0.1 ± 0.7
Filenchus PPI2 17.0 ± 24.8 20.0 ± 29.0 Aporcelaimus Pr5 0.3 ± 1.3 0.3 ± 1.4
Plectus Ba2 16.1 ± 35.4 10.4 ± 27.2 Cylindrolaimus Ba3 0.3 ± 1.4 0.1 ± 0.7
Acrobeles Ba2 14.5 ± 15.7 12.0 ± 22.1 Dorylaimellus PPI5 0.3 ± 1.0 0.3 ± 1.2
Panagrolaimus Ba1 12.8 ± 21.7 11.0 ± 23.3 Paramphidelus Ba4 0.3 ± 1.4 0.6 ± 2.0
Pratylenchus PPI3 11.0 ± 28.7 11.0 ± 31.4 Quinisulcius PPI3 0.3 ± 1.8 0.1 ± 1.0
Acrobeloides Ba2 10.2 ± 11.6 7.5 ± 11.2 Tylencholaimus Fu4 0.3 ± 1.1 0.3 ± 0.9
Achromadora Om3 9.6 ± 18.9 a 12.4 ± 27.9 Diptherophora Fu3 0.2 ± 0.9 0.1 ± 0.5
Mesorhabditis Ba1 8.5 ± 13.4 8.4 ± 19.3 Diploscapter Ba1 0.2 ± 1.0 0.3 ± 1.0
Eucephalobus Ba2 8.3 ± 11.4 7.9 ± 10.5 Solididens Pr5 0.2 ± 1.3 0.8 ± 3.9
Geomonhystera Ba2 7.9 ± 11.0 6.2 ± 8.4 Wilsonema Ba2 0.2 ± 1.3 0.0 ± 0.1
Aphelenchus Fu2 7.3 ± 8.6 5.6 ± 7.4 Longidorus PPI5 0.2 ± 2.0 0.0 ± 0.0
Alaimus Ba4 6.1 ± 11.4 3.0 ± 7.4 Acrolobus Ba2 0.1 ± 0.8 0.1 ± 0.6
Ditylenchus Fu2 6.1 ± 8.8 6.5 ± 7.6 Aquatides Pr5 0.1 ± 0.4 0.1 ± 0.6
Protorhabditis Ba1 6.0 ± 10.5 6.7 ± 17.6 Boleodorus PPI2 0.1 ± 0.6 0.0 ± 0.0
Mylonchulus Pr4 5.5 ± 10.6 2.6 ± 7.4 Chrysonema Om4 0.1 ± 0.4 0.0 ± 0.3
Chiloplacus Ba2 5.2 ± 7.9 2.8 ± 4.1 Deficephalobus Ba2 0.1 ± 0.8 0.0 ± 0.0
Paratylenchus PPI2 4.9 ± 26.3 0.2 ± 1.0 Discolaimium Pr5 0.0 ± 0.3 0.0 ± 0.0
Ironus Pr4 4.2 ± 6.8 3.5 ± 12.8 Discolaimus Pr5 0.1 ± 0.6 0.6 ± 1.6
Mesodorylaimus Om4 3.7 ± 11.2 4.1 ± 12.9 Ecumenicus Om4 0.1 ± 0.4 0.0 ± 0.1
Rhabditis Ba1 2.9 ± 5.4 3.8 ± 15.5 Laimydorus Om5 0.1 ± 0.5 0.0 ± 0.0
Microdorylaimus Om4 2.5 ± 7.3 2.1 ± 4.8 Lordellonema Om4 0.1 ± 0.4 0.0 ± 0.1
Prismatolaimus Om3 2.1 ± 3.2 3.3 ± 6.2 Nygolaimus Pr5 0.1 ± 0.4 0.4 ± 2.0
Paraphelenchus Fu2 2.0 ± 7.3 1.0 ± 2.3 Paravulvus Pr5 0.1 ± 0.5 0.0 ± 0.3
Clarkus Pr4 1.8 ± 4.6 2.7 ± 7.7 Pseudacrobeles Ba2 0.1 ± 0.6 0.2 ± 0.7
Leptonchus Fu4 1.7 ± 3.9 1.2 ± 3.3 Akrotonus Pr5 0.0 ± 0.1 0.1 ± 0.9
Tylocephalus Ba2 1.7 ± 6.3 1.9 ± 6.2 Anaplectus Ba2 0.0 ± 0.4 0.1 ± 0.7
Crassolabium Om4 1.5 ± 3.0 1.2 ± 2.0 Carcharolaimus Pr5 0.0 ± 0.3 0.0 ± 0.0
Psilenchus PPI2 1.5 ± 5.3 1.5 ± 4.2 Coslenchus PPI2 0.0 ± 0.4 0.0 ± 0.3
Eudorylaimus Pr4 1.4 ± 4.8 2.3 ± 11.5 Mesocriconema PPI3 0.0 ± 0.1 0.0 ± 0.0
Tripyla Pr3 1.4 ± 4.2 1.5 ± 5.4 Aglenchus PPI2 0.0 ± 0.0 0.1 ± 0.5
Paraxonchium Om5 1.3 ± 4.0 1.0 ± 4.3 Bastiana Ba3 0.0 ± 0.0 0.1 ± 0.7
Cephalobus Ba2 1.2 ± 2.7 0.9 ± 1.9 Belondira Om5 0.0 ± 0.0 0.1 ± 1.1
Discolaimoides Pr5 1.0 ± 2.2 1.2 ± 2.5 Dorydorella Om4 0.0 ± 0.0 0.0 ± 0.1
Axonchium Om5 0.8 ± 2.1 1.9 ± 5.4 Lobocriconema PPI3 0.0 ± 0.0 0.0 ± 0.3
Pungentus Om4 0.7 ± 2.5 0.3 ± 1.0 Paratrichodorus PPI4 0.0 ± 0.0 0.0 ± 0.3
Xiphenema PPI5 0.7 ± 1.6 0.4 ± 2.1 Rhabdolaimus Ba3 0.0 ± 0.0 0.0 ± 0.3
Eumonhystera Ba2 0.6 ± 2.7 0.3 ± 1.9 Rotylenchulus PPI3 0.0 ± 0.0 0.1 ± 0.6
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