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Abstract: Objective To explore the effect of y— aminobutyric acid (GABA) on the growth and related physiological

metabolism of plantlets of Tetrastigma hemsleyanum Diels et Gilg from Huaiyu Mountain under low temperature
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stress, which provides a basis for its application of anti—freezing and cold resistance in the wild—imitation cultivation
of T. hemsleyanum Diels et Gilg from Huaiyu mountain. Methods Plantlets of T. hemsleyanum Diels et Gilg from
Huaiyu Mountain, which were treated with GABA under low temperature stress, were selected as research objects.
The growth indicators, physiological indexes, the relative expression levels of chalcone synthase and flavonol
synthase genes were measured using plant tissue culture, physiological and biochemical methods and qRT-PCR,
respectively. Results Compared with the control group without GABA, the proliferation coefficient, plant height,
fresh weight, dry weight, and tissue water content of the two cultivated plantlets of T. hemsleyanum Diels et Gilg
from Huaiyu Mountain ( “Huaiyu 17 and “Huaiyu 2” ) reach their maximum value when 0.5 g+ L™ GABA was
added to the culture medium. Moreover, content of soluble protein (SP), soluble sugar (SS), proline (Pro),
reduced glutathione (GSH), ascorbic acid (AsA), indole acetic acid (IAA), zeatin nucleoside (ZR), gibberellin
(GA,) , jasmonic acid (JA), the activity of superoxide dismutase (SOD) , peroxidase (POD) , ascorbic acid
peroxidase (APX)
synthase (CHS)

(ABA), hydrogen peroxide (H,0,), malondialdehyde (MDA), rate of O, production, and relative expression

and glutathione reductase (GR), and the relative expression level (RQ value) of chalcone

gene were significantly increased. Moreover, relative conductivity, content of abscisic acid

levels (RQ value) of flavonol synthase (FLS) gene were obviously decreased. The growth of plantlets of T.
hemsleyanum Diels et Gilg from Huaiyu Mountain, which were treated with GABA under low temperature siress,
was positively correlated with the contents of IAA, ZR, GA;, JA, SS, AsA, GSH, and the expression of CHS
genes. Conclusion Appropriate concentration of GABA can regulate the contents of endogenous plant hormones and
osmoregulation substances, antioxidant substances, and the expression of key genes in secondary metabolites, so as
to promote the growth of plantlets of T. hemsleyanum Diels et Gilg from Huaiyu Mountain under low temperature
stress.

Keywords: y—Aminobutyric acid; Tetrastigma hemsleyanum Diels et Gilg from Huaiyu Mountain; low temperature

stress; plantlet; growth; physiological metabolism
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F1 GABAHMEEMETHEL=HEREGEEKMALASKENZE(x+s)

Table 1 Effects of GABA on the growth and tissue water content of Tetrastigma hemsleyanum Diels et Gilg from Huaiyu Mountain under

low temperature stress(x + )

GABA ¥ HABH R EL B /em i J i /mg T i /mg LV K%

/(g-L") HE1ES HE2% HEIS HE25  MHE1LS #HE2% MHE1IS #HE2%  MHE1LS HE25
0 18402 19+06  23+03 26+05  363+42 387+65  87+12 89+21° 763+56 77.0+8.2
0.1 21+04 2205  34x08 4603 41662 583+73  86+25 10718  793+49" 81743
0.3 28+03 35+03  52+12° 65:07 573+35 766+45  103=1.1" 128=22  822+33 828+62"
0.5 3206 3.6+05  68+09° 8804 704+88 864x38 12632 129+3.1° 82172 851+3.9
0.7 22+05 23+08  45+07 6803  503+52 745+29°  99:28 12324 803+6.1" 835+59"

T AAREEARAS R ING TR FR P ) 28 A7 35 (P < 0.05)

25U T R I A R AT I 177 1.89 6%, i
g3 38 2.96. 3.38 £, fF BT & 43 0 1 0 1.88 .
228 4%, TR N 2.33, 3.39 % . A [RIVK
(0.1~0.7 g+ L") A9 GABA ] D) 5 3 38 inIG v a1 44
T1 5T E2SEE AL SKE ., 55X R4H
b, 0.5 g-L" GABA ZHH £ 1 5 A E 25k
AL EKEY R R e, 50X A
1.08 5 M1 1.101%

K2 GABAXMEEMETAHREL=MHFRELESEATYWREE

2.2 GABA ML T8 Kb =0l 5 il s 8
WHPR MW 258K 2, oS gL
GABA 1] D)l 38 IR 38 B ¢ 1l =k 5 U
AAMEE A, TTEMER A E R S . SX R
I, BR3P fino0.5g- L' GABA, HAE 15 FI4A
T2 5 T M A A 3 47.66% F
69.99%, T VERE O 140 0 1S 0 46.76% 1 46.79% ,
Pt IR 5 B o3 I 47.47% F156.41%

2N (x + 5, mg-g™')

Table 2 Effect of GABA on the content of osmotic regulating substances in 7. hemsleyanum Diels et Gilg from Huaiyu Mountain

under low temperature stress (x +s, mg-g™")

GABA Y& CIRaY e g QIRGEET IR

/(g-L") WE 15 HE 25 HE 18 HE 2B HE 15 HE 25
0 1.349 +0.134" 1.683 + 0.454" 3.582 + 0.675" 4.268 +0.272" 0.375 + 0.083" 0.562 +0.129"
0.5 1.986 + 0.256" 2.861 +0.652" 5.257 + 0.872" 6.265 + 0.429" 0.553 +0.182" 0.879 + 0.092"

I AFESTR AR NG TRERR AR ] 22 53 A I L (P < 0.05)

2.3 GABA RGP FHR K il =k 3545 i YA
(ROS) 7 bt R BENG ik WAk g mn - 2558 W23, B
0.5 g+ L' GABA 1] L) {2 & FEALAIG IR e 48 £ 1l =t
HRAE W AR S H,0, 5 . MDA & & H10,-
FEA AR, 5XTEAAM, RFEIEPHRMO0S ¢- L
GABA, TFE 15 HMAE 2 548 1 A i 5 43 5]
FAAIG 32.96% F131.69%, H,0, 75 5843 BIEAR 35.46% il
35.58%, MDA 7 it 3 il FEA% 22.24% F128.87%, 0,

77 A R ) I R AR 33.44% F1130.63% o

2.4 GABA MR E A TFH6 £l =0k 5045 bl ik
P& b B U AR PR S 5 LR 4, AN
0.5 gL' GABA 7] D) 3§ = fIGR e 1 4 1l =it
HIE I GSH, AsA & # M SOD. POD. APX. GR
W, SXTIAAM, HFREPEHMO0S g- L
GABA, M E 154 E 2 504 1 GSH 7% &2 43l $2
1 84.67% 1 72.52%, AsA & 73 5 3 5 81.48% Al

%3 GABAXEEMEBE THREL=ZHSREEFTUHERERBERETSULHZM(x£s)

Table 3 Effect of GABA on the content of ROS content and membrane lipid peroxidation in 7. hemsleyanum Diels et Gilg from Huaiyu

Mountain under low temperature stress(x + s)

GABA )%/ AR AL 2R/ % H,0,/(mmol-g™) MDA/(pmol-g™) 0, FEAEHE/(pmol - ¢+ min™)
(g-L™) HE 1S HE 25 HE 1S HE 25 HE 1S HE 25 HE 1S HE 25
0 2438223 1824 +1.89°  36.18+455 3125+3.18 4627 +723" 4215+ 445 18.57 + 2.14° 16.29 + 2.84°
0.5 1625+1.56" 12.46+1.13"  2335+278 20.13+1.87" 3598 +4.19" 29.98 +3.26" 1236 + 1.28" 11.28 +1.69"

TE: MHREbRA [R)/ING TR R P A) 22 5 A 3 4E(P < 0.05)
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Table 4 Effect of GABA on the antioxidant content and antioxidant enzyme activity in T. hemsleyanum Diels et Gilg from Huaiyu

Mountain under low temperature stress (x #s)

GABA ez GSH/(pmol-g™") AsA/(pg-g™) SOD jiPE/(U-¢g™)

/(gL WFE 1 WE2 % WE15 FE2 % WE 1% WE2%

0 126.78 + 23.65" 167.83 = 34.55" 254.65 = 36.28" 268.94 = 57.86" 146.45 = 18.57" 168.93 = 18.35"
0.5 238.11 = 36.28" 289.54 + 26.82" 462.15 + 39.05° 512.64 = 76.23" 180.58 = 32.88" 238.19 = 32.16'
GABA Y JiE POD & H/(U-g") APX 3EM/(U-g) GR {fHE/(U-g™")

/(g-L") HE 1S HE 25 HE 15 HE 2% HE 1 HE 2%

0 42.86 + 8.57" 54.61 «8.14" 3.88 +1.53" 5.63 + 1.24" 23.25 +2.28" 29.48 + 6.15"
0.5 66.94 + 12.41° 98.25 = 12.67° 6.25 + 1.34° 9.24 +2.38° 34.68 + 4.16° 43.57 + 8.31°

TE: MREEBRA [R)/ING R FOR DI IR] 22 574 B 4 (P < 0.05)

90.62%, SOD i 7 73 il £ 55 23.30% #1 38.63%, POD
643 4 R 56.18% F179.91%, APX P45
61.22% 1 64.13%, GR % ¥ 4 5 $2& &
50.74%.

2.5 GABA MGG 86 F il = o 5 G045 i IR
EHEHEWNEW SR ES, BIN0.5Sg- L GABA [
uﬁ%?ﬁ%‘ﬁﬁﬂj}‘ T E L = U A TAA
ZR. GA,MIJA & i, [FEACH ABA &, HFREH R
Jm0.5 g- L' GABA, ‘W\Ilf%ﬂ%f_z%iﬁ%ﬁIAA
Fri o e X R ALY 4.44 5 421 4%, ZR & 55 5
BN BRI 2.27 5 R0 2.22 4%, GA, & &40 2% R4

42 =
40.50%

R5 GABAXMEEBMETHREL=ZMHSZSREENRENEZSENE

(Y 1.58 435 il 1.66{% T e X B ZH ) 1.46 1%

139 1%, ABA & ;3\ G 2 X B4 Y 68.10% Al
62.74%.,

2.6  GABA MAKEHMO T Fih = lrr ﬂ%’ﬁCHS
U FLS JEP R B g m 25 51 0 5 X

(0 g-L" GABA)M L, 205 ¢g-L" GABA&JEFEI
P 3 B v AR B3 R R L = R 1 Y CHS
FEI B AR R IR B (RQAE ), FEARIL FLS J A A4 AH X
Fihi, BFRIEPTHRIO0.5 g- L' GABA M E 1 5
PR K 2 51045 1 CHS JE PR RQ {H 43 31 2 %o 1R 401 f
524 f5 1 8.24 1%, FLSE:H K RQ E 4 B & Xt B 4H 1Y

Mg (x s, ng-g")

Table 5 Effects of GABA on the endogenous hormone content of T. hemsleyanum Diels et Gilg from Huaiyu Mountain under low

temperature stress (x +s, ng-g™)
GABA i/ TAA 7R GA, ABA JA
(g-L") HE1IE  HE2% HE1Y  HE2% BE1S  HE2% HE1YS  HE2S HELS HE25
0 285+1.03 386+098° 689145 823+145 2468+3.15" 2628+326° 3542+127 3645+383 3345:205 3823+227"
05 12,66+ 139" 1624 +125 1563376 19.26+2.87° 3827294 4385+128 2412285 2287+251° 4882119 5328+ 154
T MFEHE PR A ING TR R 4 R] 22 5 W #1E (P < 0.05)
7 Hcnus LrLs 107 Clcus LFLs .
6 a il [
1 8 I
5 | 7t
m 4 m O
& o> 5T
= 3 =1 4t
2 3r
b a 2r
i N — ' T L
2
0 0 .
0 0.5 0 0.5
GABA M/ (g-L) GABA Mk fE/(g- L)
WE1S WE2%5

e AR AR NG FREF R AL ) 25 A 1 (P < 0.05)
1 GABA XERME THREL=ZMHFAE
Figure 1

temperature stress

B CHS#n FLS BEERIER M
Effect of GABA on CHS and FLS gene expression of T. hemsleyanum Diels et Gilg from Huaiyu Mountain under low
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50.2% F133.4%,
2.7 IR0 T GABA AP PE £l b 545 0
G5 BREG B DR OCPE BT 45 R R 6, BEAH R

H(MC) 5 ¥k (PH) . B (FM) . B (DM) |
f%ﬂ%MMVMQHﬂZﬂAMM . EKE
B (ZR) &, RER(GA)F &, KAMRJA) &
T | E%IE*H?Q?%?(P<001) 5 AT PE b
(SS) it iR JE AU BEH K (GSH) & 2t Rl A /R I 5 iy

(CHS) 3R FE¥ 2 BFEEMLEKR(P<0.05), A
5 AR G (FLS) 3 R 358 B4R W B3 AU R R
(P<0.01), 5H@AEET (0, )=AdR, 8Lk
A(H,0,) T M MDA &2 R EAMHECR(P<
0.05) . DLW A GABA L ()48 £ (L = -5
iﬁ 2 R NEST[S a&UmUa%\E%?ﬁﬁ@m

ﬁ@%«ﬂ)“g Xﬂ%ﬂm .l

ﬁ%(SS) . DURIMLAR (AsA) & ££B§ﬂ£?$$%iiﬂt

®6 KR

(GSH) & 12 s /R B Al (CHS ) 3 R 263k 1 42 i3 1E AR
x, Wi, %%Wﬁ%cmmﬁuﬁ%W%m%ﬁ%

MBS & A B DL R AEAR
ﬁ%%%ﬁﬁ%ﬁ,Uﬁﬁﬁﬂ%L P E L =0t
HiEHNAEL,
3 iTig

SIMEE AR, WIGE, 7E20~35 CHAE
Ky, &FZ=FHREMRT 5~10 CH, HiF

IEAERKS, R B, MEL=HESRE 1S
M E2SFE4~TH . 9H N ~ 11 H T ajH E# 5
P A, HAZE b FEEAKEURIRIRE, 7
12 H ~ A2 Al FIREMT 5 CH, SERAGF,

T ERERPUEYT, AKX, BINAS R R E
(0.1~0.7 g+ L") 9 GABA 1] L) g 35 48 R IR IR a1 T 14
Tl =M 2 N R T 1S R T 2 5 A v

BT GABA A ERIIRE L =MEREHE K S EBIERHEXES T

Table 6 Correlation analysis between growth and physiological indexes of T. hemsleyanum Diels et Gilg from Huaiyu Mountain plantlets

treated by GABA under low temperature stress

WfE MC OPHORM O DM TWC S S5 Po RC MO, MDA O+ GSH A SOD POD  APX  CR IM ZR GA ABA JA CHS FIS
NC 10997 099 0992 0993 0202 0663 0200 0273 -0673 -0666 -0771 0671 0923 0274 0211 0212 0103 09%9 0998 0998 -0790 0963 0684 -0999
PH I 097 0779 0998 0229 0673 023 0180 -0669 -0675 -0663 0678 0995 0104 0137 0199 0127 099 0996 0998 -067 0998 0995 -0998
Pl I 06T 0998 03 0675 0240 -0282 0668 0676 07602 0779 0994 0109 0240 0203 0331 099" 0995 0998 -0677 0998 0996 -0997
DM I 0671 0143 0231 0227 0241 0662 0234 0667 0243 0995 0109 0054 0112 0148 0685 0688 0684 -0995 0789 0655 -0688°
™we I 0247 0686 0265 0107 -0678 0687 0671 0689 09% 0225 0653 013 0147 0997 0996 0998 -0667 0994 0993 -0.992
s I 0675 0677 013 0120 -067 0199 0666 0192 0995 0898 09% 0998 0121 016 0126 -0135 0108 0148 -0.103
$ I 0027 0661 0684 0987 -0674 0999 0659 0663 0679 0669 0631 0674 0675 0678 -0015 0665 067 -0638
Pro I 0132 0158 0123 0232 0112 0288 0688 0672 09910 0680 0127 0224 0235 0107 0006 0159 0296
RC I 0657 0660 0148 -0659 -0.069 -0.130 -0.031 -0657 -0653 -0.187 0199 -0.09%8 0100 0170 -0167 0255
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