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Figure 2. Eftect of GABA, 3AB and 2AB on Lemna growth. Lemna was grown in liquid culture media containing ditterent molar amounts of
GABA, 3-AB and 2-AB. Plants were harvested after the culture period and dry weights determined.

GABA BE{R#E#FHEKAIER . 10mmol/L i GABATEF#H{TER | sEBEHERKSIBMTII=(E.

Receptor modifiers indicate that 4-aminobutyric acid (GABA) is a potential modulator of ion transport in plants.(Alan M. Kinnersley, Fang Lin. 2000)
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Figure 4. Effect of GABA on biomass of Lemna minor grown in reduced nutrients Lemna was grown in culture media containing 0.25-2.0 g/L.

SOLU-SPRAY 20-20-20 fertilizer, and in medium containing 0.25 g/L. SOLU-SPRAY 20-20-20 plus 5 mM GABA. Following culture period
plants, cultures were harvested and dry weights determined.
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Receptor modifiers indicate that 4-aminobutyric acid (GABA) is a potential modulator of ion transport in plants.(Alan M. Kinnersley, Fang Lin. 2000)
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Table 3. Mineral composition of Lemna grown in optimal (1.0 g/L) levels of nutrients and in
sub-optimal (0.25 g/L) levels of nutrients with and without 5 mM GABA (Dry weights of these
treatments are shown in Figure 4.)

1.0 g/L 0.25 g/L 0.25 ¢/L + % change
20_20-20 GABA 5mM 0.25 g/L + GABA/

0.25 g/L — GABA

Mineral composition

N% 6.26 4.11 4.9 19
P% 1.28 0.70 0.88 26
K% 3.11 1.30 2.89 22
Ca% 0.35 0.28 0.47 68
Mg% 0.11 0.07 0.11 57
Na% 0.09 0.06 0.13 17
S% 0.32 0.31 0.35 13
Zn ppm 335 86 122 42
Fe ppm 294 263 122 -54
Mn ppm 59 27 58 15
B ppm 22 17 28 65
Cu ppm 96 66 70 =27

1

Fe
Mn
B
Cu

19%
26%
22%
68%
57%
17%
13%
-54%

15%
65%
-27%

M GABA on dry weight and mineral composition of Lemna grown in
B 1.0 g/L + % change 1.0 g/L + % change
4AB 1 mM% 4AB 10 mM
B2 6327 23 139+ 7.5 172
6.02 1 7.14 20
1.11 4 1.48 38
3.26 7 5.20 72
0.27 8 0.51 104
0.07 0 0.13 86
0.10 11 0.07 -23
0.36 6 0.36 6
227 —4 298 26
280 -12 111 —-65
59 5 122 118
34 -3 41 17
49 -6 47 -10

GABA WFFNERAMEERREER , H#REEESIRNMEIIN RITRAIIRILE.

Receptor modifiers indicate that 4-aminobutyric acid (GABA) is a potential modulator of ion transport in plants.(Alan M. Kinnersley, Fang Lin. 2000)
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TABLE 1 o o EYHENGABATARH

Stress-Related Kinetics of GABA Accumulation in Plants Eiﬁ%ﬁ&%ﬁﬂ]ﬁiﬁﬁﬁ

Plant Stress GABA= Time Ref.

% of
Control
Asparagus cells Acidosis 300 15 s Crawford et al., 1994
Soybean leaves Mechanical 1800 1 min Ramputh and Bown, 1996
damage
Soybean leaves Mechanical 2700 5 min Wallace et al., 1984
damage

Soybean leaves Cold (6°C) 2000 5 min Wallace et al., 1984

Asparagus cells Cold (10°C) 200 15 min Cholewa et al., 1996

Radish leaves Anoxia 10,000 4 h Streeter and Thompson, 1972

Tea leaves Anoxia 4,000 12 h. Tsushida and Murai, 1987

Rice root Anoxia 750 24 h Aurisano et al., 1995

Rice shoot Anjoxia 1,000 24 h. Aurisano et al., 1995

Cowpea cells Heat 1,800 24 h. Mayer et al., 1990

Bean leaves Drought 200 3d Raggi, 1994

Turnip leaves Drought 1000 3d Thompson et al., 1996

Tomato root Salt 200 4d Bolarin et al., 1995

Tomato leaves Salt 300 5d Bolarin et al., 1995

Tomato leaves Viral 130 13 d Cooper and Selman, 1974

@ For each stress the time to reach the greatest reported GABA accumulation relative to unstressed controls has
been shown.

Gamma Aminobutyric Acid (GABA) and Plant Responses to Stress. Alan M. Kinnersley & Frank J. Turano.
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Figure 3. Phenotypes of maize with or without GABA treatment under salt stress.
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v-Aminobutyric Acid Imparts Partial Protection from Salt Stress Injury to Maize Seedlings by Improving Photosynthesis and Upregulating
Osmoprotectants and Antioxidants. (Yongchao Wang, Wanrong Gu, Yao Meng, Tenglong Xie, Lijie Li, Jing Li & Shi Wei. 2017)



Plant height Leaf area per Leaf fresh weight | Leaf dry weight per

Treatment (cm) plant (¢cm?) per plant (g) plant (g)

0mM NaCl 29.3+t1.1ab 4475+ 2.41ab 0.993+£0.102a 0.082+0.005b
150 mM NaCl 21.55:1.6¢ 33.28+1.95¢ 0.568 +0.069c¢ 0.052+0.005¢
300 mM NacCl 157+£1.4d 24.161+2.94d 0.37540.018d 0.039 £ 0.006¢
0mM NaCl+0.5mM GABA 3l1.6x1.5a 48.32+3.33a 1.124+0.127a 0.097 £0.013a
150 mM NaCl+0.5mM GABA | 269+2.6b 43.14+2.73b 0.857+0.026b 0.079+ 0.006b
300 mM NaCl+0.5mM GABA | 18.6+1.5cd 3097 £2.83c 0.517%0.016c 0.047 £0.006¢

JMEGABARIN S B EFREFIERE
B FTERDERSIRS T 25%F
18% , HERZHIENN30%F128%.
(ERER B T ERM ABHENTE
S RIENN51%F152%.

Table 2. Plant height, leaf area, leaf fresh weight and leaf dry weight per plant for plants grown at varying
salt stress for 48 h that were treated with 0.5 mM ~- aminobutyric acid (GABA) or left untreated. Values are

mean =+ SE. Values with the same letters in a column are not significantly different at P=0.05 (LSD test).

GABAGERFREEANE TE
PHEIERG | IRSMH
BKE , HIFEXTZRIF
FAH B TNRERYIRIA.

v-Aminobutyric Acid Imparts Partial Protection from Salt Stress Injury to Maize Seedlings by Improving Photosynthesis and Upregulating

Membrane Relative leaf water Cel[ular reduction ability
Treatment damage (%) SPAD value content (%) (OD 485/50 mg FW)
0mM NaCl 21.4+0.76d 14.2+1.17a 96.54+ 1.05a 0.41+£0.04a
150 mM NaCl 27.9+491ab 11.1+0.66b 84.91 +4.54c 0.35+0.04b
300 mM NaCl 30.3+1.23a 8.54+1.59¢ 73.03+0.75d 0.2440.03¢
0mM NaCl+ 0.5 mM GABA 224+4241cd 14.7+191a 94.82+1.31a 0.44+0.01a
150 mM NaCl + 0.5 mM GABA 23.6+1.88cd 13.1+0.5a 89.02+0.87b 0.41£0.02a
300 mM NaCl+ 0.5mM GABA 25.7 + 1.45bc 9.7 +0.75bc 75.75+0.51d 0.26 +-0.03¢

Table 3. Membrane damage, SPAD, relative leaf water content and cellular reduction ability for plants
grown at varying salt stress for 48 h treated with 0.5 mM ~- aminobutyric acid (GABA) or left untreated.
Values are mean = SE. Values with the same letters in a column are not significantly different at P=0.05 (LSD

test).

Osmoprotectants and Antioxidants. (Yongchao Wang, Wanrong Gu, Yao Meng, Tenglong Xie, Lijie Li, Jing Li & Shi Wei. 2017)
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Superoxide Peroxidase Catalase Ascorbate peromdase
Treatment dismutase (U-g™') | (U.g7'-min™") (U-g~min~!) (U.g="min™")
0 mM NaCl 52.14+1.94c 13.02£0.77cd 15.11£0.55b 20.47 £1.92c
150 mM NaCl 125.25+4.38b 19.79+2.04b 17.36 £0.79b 32.14+2.67b
300 mM NaCl 31.47+1.75e 8.41£0.45e 10.74£0.67d 10.34 £ 1.85e
0mM NaCl+0.5mM GABA 54.57 +1.49¢c 14.12+2.55¢ 14.74+0.84bc 21.24+1.76¢
150 mM NaCl + 0.5 mMGABA 144.32+3.58a 27.54+1.88a 21.21+1.76a 4596 £2.44a
300mM NaCl+ 0.5 mMGABA 41.39+2.01d 10.21£1.15de 12.29+0.63cd 15.88 £1.20d

Table 4. Activity of enzymatic antioxidants in leaves of plants grown at varying salt stress for 48 h that
were treated with 0.5 mM ~- aminobutyric acid (GABA) or left untreated. Values are mean 4= SE. Values with
the same letters in a column are not significantly different at P=0.05 (LSD test).
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v-Aminobutyric Acid Imparts Partial Protection from Salt Stress Injury to Maize Seedlings by Improving Photosynthesis and Upregulating

Osmoprotectants and Antioxidants. (Yongchao Wang, Wanrong Gu, Yao Meng, Tenglong Xie, Lijie Li, Jing Li & Shi Wei. 2017)
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: % % ¥ 35 i Nitrogen %% $ 8 % Nitrogen =R R T
5 il b | ,, |
operation (kg-hm-) transport rate (% ) #k % Stem
and leaf
Nitrogen
Variety Treatments i Leaf = Stem - Leaf = Stem
contribution
rate (%)
CK 37.05a 27.53a 54.72ab 50.14a 84.79a
\ 6 A0 21.93f 16.00¢ 48.55d 53.12¢ 64.64c¢
*,A*E Al 28.70d 18.56¢ 54.04b 53.98be 77.28ab
.. A2 35.08b 22.04b 53.88b 54.55b 85.29a
SOngJ | ng6 A3 36.67ab 24.17ab 56.28a 56.50ab 83.11a
A4 32.04¢ 19.79¢ 55.62ab 52.83¢cd 80.86a
A5 25.53e 16.71d 51.65¢ 52.01d 69.77b

SNR-RE T B P T 2 e TEMEEA N L EREIENN. &8F, 2018



%, % ¥ 12 & Nitrogen %% ¥ 1z # Nitrogen ESU S Wi
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operation (kg-hm~) transport rate (%) fik % Stem
and leaf
Nitrogen
Variety Treatments M Leaf = Stem M Leaf = Stem
contribution
rate (%)
CK 37.64a 28.45a 53.46a 59.34a 81.68ab
A0 24.444d 18.77d 47.45¢ 53.27d 64.51d
FR425
Al 33.680b 25.620b 53.47a 58.63a 83.25ab
A2 37.62a 27.16ab 55.11a 58.83a 84.63a
Dongnong
425 A3 37.07ab 26.09b 54.85a 58.23b 85.35a
A4 28.48¢ 22.75¢ 49.65b 55.70¢ 73.80b
= — S m— — § m— — — 0y
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V3 stage 3“"’% V5 stage Sﬂ'l'gﬂ
PH GLA Aboveground DM | Root DM | PH GLA Aboveground DM | Root DM
Varieties Treatments | (cm) (em? plant™!) | (g plant™!) (g plant™!) | (cm) (cm? plant™!) | (g plant™!) (g plant™")
2016 Wi e GHER WERTE BFE 8 GHER HESTE |\TE
GABA 445h 554c¢ 1.39 ¢ 0.56d 73.9b 107.3b 421c 1.06 b
XK-6 CK 548a 934b 253a 1.79 a 86.9a 171.0a 793a 277a
WL 37.3¢ 47.4 de 1.04 d 0.38e 65.0cd 9l.lc 3.50d 0.72c
GABA 3%94c 51.7cd 093¢ 0.62c 69.2 b 99.1 be 3e2d 146 b
Z1-958 CK 559a 116.5a 1.81b 1.49b 83.0a 159.4 a 6.80b 242a
WL 33.8¢c 427 e 0.824d 0.3%e 6l.3d 855¢ 3.08e 0.62c
2017
GABA 56.7b 77.7 bc 1.94b 0.74c 723 c 112.6d 5.75d 1.49b
XK-6 CK 75.6a 128.8a 4.69a 2.00a 98.3a 179.7b 9.15b 2.87a
WL 45.6¢ 634c .56 ¢ 0.48d 643 c 85.5f 498f 1.02c
GABA 58.6b [83.3b 1.92b 0.93hb 87.0b 1224 ¢ 6.20c¢ 1.59b
ZD-958 CK 79.2a 1209a 4.85a 1.90a 93.7 ab 196.1a 9.38a 270a
WL 50.2bc [ 67.0bc 1.57 c 0.45d 66.4 C 1033 e 522e 0.95¢

5#k4IEHEEE, GABARERERS T EXM LB TIRESE, 950519.0%F61.0%,
BFETAEERNHEESE, 7517519.8%M36.0%, M7 ENMNHFEPERBHEE36.0%.




ultrastructure in
leaves of ZD-958
maize cultivars
under different

treatments.
Chloroplast ultrastructure
under GABA application
for waterlogging maize
seedlings (GABA) at 14 d
after treatment initiated at
third leaf (V3) in 2016.
Ch: chloroplast, GL:
grana lamella, P: particles,
CM: chloroplast envelope
membrane, CW: cell wall,
Mi: mitochondria, BS:
bundle sheath.
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Figure 8. (HE) Figure 10. (X&)
Chloroplast GABA Chloroplast

ultrastructure in
leaves of ZD-958
maize cultivars
under different

treatments.
Chloroplast ultrastructure
under GABA application
for waterlogging maize
seedlings (GABA) at 14 d
after treatment initiated at
five leaf (V5) stage in
2016. Ch: chloroplast,
GL: grana lamella, P:
particles, CM: chloroplast
envelope membrane, CW:
cell wall, Mi: mitochondria,
BS: bundle sheath.

v-Aminobutyric Acid Promotes Chloroplast Ultrastructure, Antioxidant Capacity, and Growth of Waterlogged Maize Seedlings.

Akram Salah, Ming Zhan, Cougui Cao, Yuling Han, Lin Ling, Zhihui Liu, Ping Li, Miao Ye & Yang Jiang. 2019.
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Accumulation
As GABA
Treatments Shoot Root Shoot Root
C — — 241.84411.82°2 116.03 +10.36%

GABA(L) (Long term)

275.35+8.49°

269.24413.98°

GABA(H) (Long term)

405.98 + 8.04f

479.80141.72°

GABA(L) (Short term)

259.18+9.97%b

191.94+ 14.41°

GABA(H) (Short term)

308.314+2.85¢

250.54+8.15°¢

As(III) 19.04 4+ 1.02¢ 166.31 +4.324 375.18 +6.48¢ 167.88 4+ 15.16%
As(II) + GABA(L) 8.65+0.56° 54.16+3.75° 324.60 4+ 8.49< 144.68 +17.08%
(Long term)

As(III) + GABA(H) 10.27 £ 0.45% 53.82 +5.59° 332.3442.834 173.40+ 18.472
(Long term)

AF(IH) +GABA(L) 14.36 +0.33¢ 84.934+2.72b 268.66 4+ 3.28> 260.62 %+ 8.09¢
(Short term)

‘AiS{mH“ABA(H) 16.59 4 1.49<¢ 100.55 +4.43b¢ 437.54+ 10.65% 392.27 +53.374
(Short term)

RIEYNEERENTIZE

M EGABA
MRS THEY
AN GABARY
B, BRT
HYPERNER
FFRE. EH
AR P,
4 IR e A
GABA (50%0
100pg/ml)gE
ESEYAE
MGABAIKIE,
[5] Bf BEAR T 7K
FEhE P A
AR,

GABA accretion reduces Lsi-1 and Lsi-2 gene expressions and modulates physiological responses in Oryza
sativa to provide tolerance towards arsenic. Navin Kumar , Arvind Kumar Dubey3, 2017
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TABLE 1 EYMARNGABATRER

Stress-Related Kinetics of GABA Accumulation in Plants iﬁﬁﬂtﬂi&f\ii&ﬂﬂ]ﬁ%‘ﬁﬁ?‘t

Plant Stress GABA-= Time Ref.
% of
Control
Asnaraaus cells Acidosis 300 15 s Crawford et al., 1994
Soybean leaves Mechanical 1800 1 min Ramputh and Bown, 1996
damage
Soybean leaves Mechanical 2700 5 min Wallace et al., 1984
damage
Soybean leaves Cold (6°C) 2000 5 min Wallace et al., 1984
Asparagus cells Cold (10°C) 200 15 min Cholewa et al., 1996
Radish leaves Anoxia 10,000 4 h Streeter and Thompson, 1972
Tea leaves Anoxia 4.000 12 h. Tsushida and Murai, 1987
Rice root Anoxia 750 24 h Aurisano et al., 1995
Rice shoot Anjoxia 1,000 24 h. Aurisano et al., 1995
Cowpea cells Heat 1,800 24 h. Mayer et al., 1990
Bean leaves Drought 200 3d Raggi, 1994
Turnip leaves Drought 1000 3d Thompson et al., 1996
Tomato root Salt 200 4 d Bolarin et al., 1995
Tomato leaves Salt 300 5d Bolarin et al., 1995
Tomato leaves Viral 130 13 d Cooper and Selman, 1974

@  For each stress the time to reach the greatest reported GABA accumulation relative to unstressed controls has
been shown.

Gamma Aminobutyric Acid (GABA) and Plant Responses to Stress. Alan M. Kinnersley & Frank J. Turano.
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Exogenous y -aminobutyric acid alleviates oxidative damage caused by aluminium and proton stresses on barley seedlings. Hongmiao SongZ¥, 2010
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Microorganism Production mode GABA concentration References
KIg#F& Escherichia coli & & L4 10 g/L AEREE
FLERFLERE Lactococcus lactis Pl 0.38 g/kg M. Nomura
FUBRILERE Lactococcus lactis SYSFS 1.009 WEER 259 o
BITFEEFLFF B Lactobacillus paracasei KR KB 31.15 g/L Komatsuzaki
SEFLIFBE Lactobacillus brevis OPY-1 REREE 8003.28 nmol/mL Park & Oh
Lactobacillus brevis IFO12005 i Y ad 10.18 mmol/L Yokoyama
SFLFFE Lactobacillus brevis hjxj-01 REREE 107.5 g/LL BiL
WWIHATE Lactobacillus plantarum WEREE 4¢/L WA
IRAEFLIFB Lactobacillus pentosus RERE 1g/L RAE
RIGERBE Enterococcus faecium k=20 38 g/L Ex
IRKE B BRE Pediococcus pentosaceus Cil)i ok 39 g/L ZR
BB B Saccharomyces cerevisiae KRR KB 0.42 mmol/L Takahashi
H & H##E Saccharomyces uvarum RERE 3.653 gL e,
41 fi % Monascus pilosus TFO 4520 il fEKoji 120 mg/kg Kono
FLERBEERE Lactococcus lactis AL 450-500g/L WFILEY)
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