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An Improved Method to Determine Corn (Zea mays L.) Plant Response
to Glyphosate

Jin-Seog Kim+*, Byung-Hoi Lee, So-Hee Kim, Suk-Ki Min, Jung Sup Choi
Biological Function Research Team, Korea Research Institute of Chemical Technology (KRICT), Daejeon 305-600, Korea.

ABSTRACT Several methods for determining the response of corn to glyphosate were investigated to provide
a fast and reliable method for identifying glyphosate-resistant corn in vivo. Two bioassays were developed. One
assay is named “whole plant/leaf growth assay”, in which the herbicide glyphosate is applied on the upper part
of 3rd leaf and the growth of herbicide-untreated 4th leaf is measured at 3 day after treatment. In this assay,
the leaf growth of conventional corn was inhibited in a dose dependent from 50 to 1600 ug/mL of glyphosate
and growth inhibition at 1600 ug/mL was 55% of untreated control. The assay has the potential to be used
especially in the case that the primary cause of glyphosate resistance is related with a reduction of the herbicide
translocation. Another assay is named “leaf segment/ shikimate accumulation assay”, in which the four excised
leaf segments (4 x 4 mm) are placed in each well of a 48-well microtiter plate containing 200 pL test solution
and the amount of shikimate is determined after incubation for 24 h in continuous light at 25°C. In this assay,
0.33% sucrose added to basic test solution enhanced a shikimate accumulation by 3 to 4 times and the
shikimate accumulation was linearly occurred from 2 to 8 ug/mL of glyphosate, showing an improved response
to the method described by Shaner et al. (2005). The leaf segment / shikimate accumulation assay is simple and
robust and has the potential to be used as a high throughput assay in the case that the primary cause of
glyphosate resistance is related with EPSPS, target site of the herbicide. Taken together, these two assays would
be highly useful to initially select the lines obtained after transformation, to investigate the migration of
glyphosate-resistant gene into other weeds and to detect a weedy glyphosate-resistant corn in field.
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Figure 1. Growth of the fourth leaf (A) and chlorophyll con-
tents of the third leaf (B) in the greenhouse-grown corn treated
with glyphosate on the upper part of third leaf. Growth and
chlorophyll contents were determined at 3 d after herbicide
treatment. Vertical bars represent the meantstandard deviation
of five replicates.
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ApAlo] FAH o] anthocynin @ ZA] o]= shikimic acid
pathwayol| 4] BHE017] coumaryl-CoAZ 7]d 2 3lo] A%
’d5]= n}, glyphosate:= shikimic acid pathway<] EPSPS
Z A8i3l7] W&ot} (Steinriicken and Amrhein 1980). 2}
A 222 ARHEE A TE 51 glyphosate X2] A5
ZA}8 23}, glyphosate 2-16 pg/mL 520l A 19-90.4%
H9e] A AANH-g-E eIt (Figure 3). o] W F
2] 2)F A1) anthocyanin value:= 0.567£0.037 (AA%
0.1 g& 10 mL methanol2 FZ3-5 W] £3%) o[3]
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Figure 2. Effect of glyphosate concentration on the chlorophyll
accumulation in etiolated part of greenhouse-grown corn leaf.
The etiolated part of leaf was induced by covering with
aluminium foil for 3 d and after removing the foil, glyphosate
was treated on the etiolated part. Chlorophyll contents were
determined at 3 d after herbicide treatment. Vertical bars
represent the meanztstandard deviation of five replicates.
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Figure 3. Effect of glyphosate concentration on percent inhi-
bition of anthocyanin accumulation (A) and necrosis/desiccation
(B) 5 d after treatment of whole leaves from greenhouse-grown
corn. Top 10 cm segment of youngest leaf of three-leaf corn
plants were dipped in glyphosate solutions. Vertical bars re-
present the meanstandard deviation of three replicates.
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Figure 4. Effect of glyphosate concentration on anthocyanin
accumulation in corn leaf segments incubated in the presence
of 0.33% sucrose. Leaf segments were obtained from the
youngest leaf of three-leaf corn and incubated in test solutions
for 24 h at 25°C under continuous light.
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HH-g AHE-3e] 48 well plate o] 41<] glyphosate ¥H3-3
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$ oAee Lhehiglet (Figue 4). of Wl el
J 2] anthocyanin value= 0.286£0.025 ¢|ic}

HEH-shikimate £8 Y

Shikimic acid& glyphosatex]2]of] &j3] Al&A oA &
Aels Aoz deiA duh L2 oj| 191elx] mEL}
L= g2 2B Bls)] =3 o] of-$ ol shikimic
acid 2 A& S8 in vivo assay 2] E-8of Asto] ATt
(Koger et al. 2005). o] 7)35}iaF Al&&9o] sucrose
£ Arlete] Bk 2 w2
A F58}7) ujiol] shikimic acid pathwayt
ThsAlo] gltkeE ZFA A 9T A8 A3 sucrose 7=

FE-27}ol wjs) oF 3-4u) 231,:_4 shikimic acid &2 =715
=3k 28]l 1 glyphosate 2-8 pg/ml 51 ¢ ol A
A7 Z27hgg Yt (Figure 5)
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Figure 5. Effect of glyphosate concentration on shikimate
levels in corn leaf segments incubated in the absence (A)
and presence of sucrose (B). Leaf segments were obtained
from the youngest leaf of three-leaf corn and incubated in test
solutions for 24 h at 25°C under continuous light.
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o

FEA Mg Aol B AIAER Hshe 2]
shR Bk i, AN ABAR 27Tl R, 14 A
3% o] 2 Bol, &4 HAT 5 Y= WL )



62 . Korean J. Plant Biotechnol.

watook ght}. o] ko) ZjEEd Fake] # Aol A AAl
ki3 oﬂa} 7HA AR EL] 49 AR AP s
Yol weh AEHNRA ohEa 2
Uﬁi HAZA] (whole plant)Z 0]%?‘?}]*{ HAste W
o gA F 7HE HESHATH 3}‘/}*‘5
o] ARl %A E AT F A3 7]‘7:'—91 chlorosis
A =4 FAd A499] A
otk opAAM Y = /‘}77}7‘1—4 7\71}% 3 A= =
P

g3tk Al A 2ol we

;g_g:_

rlr

wo eroa] vehts kol el ny vkl W
o]Z.& chlorosis BHoll A KU} =gk} (Flgure ). HE 9
A 2L ASEAT A3 Al wel uiHos
A 43S w7] gl chlorosis Bl AAA 63
AR spo] AR Ao| vpgAE Ao o AHTH
5

44 387 WeHEE ohig gyphosate o]
28] Bt A= WEE e ¢ o
=(2000)

o
N
™
e
>,
>
lo
it
ﬂ
B

= (2005)7} Koo

= B
N

. r
)
o

olfYro] Fut zﬂzxﬂéo ol E WA e da
A RIAE B AR fAk o 24} b
Fe wusch ANBAZ 0|88 T2 & AYPoR
, A R e B BEAz] Q2R QF -9 oA

2 ool mn rlo oX oY Jn e [ du

4
=Y )= 5 O =3Fl B
s Aeshn 3Y B FHE fES F
= = =
h} T

Aoz W = golu WEPEE u
& BEAE wgo] BaY

1,000 pg/mL o]A}te] F&of A
A Skt AP el A

27F Ao A9 Aol AAT & ke @l
o)
AA

Efub= 4#44 2 “*“Hﬂﬁ}%
&Foitt (Figure 3). o] $1z/7)AL A
T % AHolw 549 ujicko] Has)g
o] FRoA FAto] Yepgon 7 2 AEE 1,000 pg/mL
oA 33.5%EA W& Aotk LEv o] At o
A AEE ZARER & 49ols J/IARTE B2 of

A EoNA (2-16 pg/ml) F31E LA Argo] Yehg
ok mpebA 2 S L A4S RSk HR/FAt

TARGE Ao AMdES AxT s Zlo] v

H

—r—‘
ol
-

>8 m
R onu
=N
(]
o
&
5
B
o,
>,

_x_/

t}. Anthocyanin 4 AAAFEE FAF AEZ g A4,
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o) AA o Aure-& e (Figure 4). 121 94
A AAo| H]sto] glyphosate g ol 2] xpatelA] A
b ot o= Alg-gdo) 0.33% sucrose?} 5715 o]
Aty f et g SRV dEeR FAE
Sucrosex anthocyanin R3S S 7= Ao2 4y
213 91t} (Kim et al. 2003). 2 7L 48 well AbollA] 2l
a7 diol AA g&Ao] Wi e FHE 7Rk
2y anthocyanin AJA]-2 shikimic acid pathway & €3
A] o] Fof R 2 Rk Aol = EPSPS ©]2]9] Q21E% #o
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o]Are] AT}Eo :Lﬂé}oq HAEAE Q48 ¥g THE,
B4 28 A A4 wd, A4 5 weiskl 2840
= Fes 2, glyphosateoﬂ uig 754 dele] 2ed
o] EPSPS¢} #&do] 9l Af-oll= “H A H-shikimate 5%

o)
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