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Study on Molecular Mechanism of Wood Vinegar’ s
Plant Growth Regulator-like Character

FENG Ming-xiao, LIAN Yu-ji * ,ZHANG Hua
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Abstract: Wood vinegar (WV) is an important plant growth regulator-like substance used in agriculture worldwide , but
little known on its mechanism at molecular level restricted its wider and further application. In this study, the effects of
WYV and auxin on the growth of Arabidopsis thaliana were compared at both genetic and morphologic level through semi-
quantitative PCR (SQ-PCR) and condition-controlled culturing. The results showed that WV can regulate auxin-induc-
ible genes like Aux/IAA1, Aux/IAAS , Aux/IAA19 ,ARF19 and SAUR-AClexpression. Through interaction between Aux/
IAAs and ARFs, WV had a negative feedback in its regulation pathway,similar to the homolog of auxin TIAA’s. In addi-
tion, the morphologic comparison results showed that WV and auxin IAA both repressed leaf number and its expansion
but promoted main root elongation and lateral root formation. These results indicated that the regulation effect of WV was
similar but not identical to that of auxin. The results presented in this study will contribute to the wider and more precise
usage of WV in agriculture.
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AR R BRSO A5 B ST TRIF (toll-inter-
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1IEGIF (Arabidopsis thaliana , Columbia ecotype)
TN 0. 1% Tween-20 1Y 0. 2% YA TR B2 TH
T 10 min, PRI RS WK, HeRh BB AN 3% 1
BEAN 0. 8% BEARHY MS 323" b Wik &k R ik
25 °C,EEH 16 h,84 pmol/ (m® - s) , FAAHEE,
REIE 14 d AT, 4 M 0. 1126 me/L IAA
0.2250 mg/L TAA 500 pl/L AES# 1000 /L A
BEBGHEA TAL P A — Ab FRE [H] 23 9 5,15 .30 .45
F1 60 min,
1.2 = RNABEHE¥EE=E PCR

Y B RNA R PE RNeasy 77 &5 ( Qiagen , Ger-
many ) (477 A 1. 17 T50 A0 3 400 RE I 4 v T BB
Ll oligo (dT) s & 5497, FIFH Moloney murine leukemi-
a virus reverse transcriptase ( Promega, China) Jz %5 5%
Bt & 1 cDNA 4

PLE Y cDNA SHAR#E T & 1 PCR 973,
SR 50 pl, PCR " HEFRFHy:94 °C 30 s,
55 ~65 °C 30 s #172 °C 30 5,28 PMEH, KEHEF K
g5 ¥ ¥ ¥ N. Aux/IAA1  ( Gene
Atdgld560) . ( +) 5'-CGG AGC ACA AGA ACA AC-
3" 1 ( -) 5-ATG GAA CAT CAC CGA CCA AC-3';
Aux/IAA5 ( Gene accession Atlgl5580): ( +) 5'-
AAG AGT CAA GTT GTG GGT TGG C-3"Fi1 ( - ) 5'-
AAT GCA GCT CCA TCT ACA CTC ACT-3'; Aux/
IAA19 ( Gene accession At3¢15540):( +) 5'-GAG
CAT GGA TGG TGT GCC TTA T-3'#11 ( - ) 5'-TTC
GCAGTT GTC ACC ATC TTT C-3";ARF19 ( Gene ac-
cession Atlg19220):. ( +) 5'-ACA AAG GTT CAA
AAA CGA GGG TCA-3"#1 ( - ) 5'-CGA TGG CCC

accession

TCG AAT GAT AAT GTA A-3";SAUR-AC1 (Gene ac-
cession At4g38850): ( + ) 5'-TCC GAG TTT GAA
GAG GCT ACA AC-3'F1 ( - ) 5'-AAT CAG ATG
TGG ATC TCT AAG GCA-3', DL ( +) 5'-TC-
CGAGTTTGAAGAGGCTACAAC-3" F1 ( - ) 5'-AAT-
CAGATGTGGATCTCTAAGGCA-3" /5|3 1 Actin8
L, TP cDNA B
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Fig. 1  Effects of WV and IAA treatment on auxin-related genes expression

TEABER AN TAA B 5 ~60 min B, Aux/IAA1(A) Aux/IAA5 (B) Aux/IAA19(C) ARF19 SAUR-AC1 (E) JEPH 3555 1 Ho A ;11 . TAA (0. 1126

mg/L) ;12:TAA(0.2250 mg/L; WT: X} Hf; W1 AR (500 wL/L) s W2 AR (1000 pL/L)

Comparison of Aux/IAAl (A) ,Aux/IAAS (B) ,Aux/IAA19 (C) ,ARF19 (D) and SAUR-AC1 (E) gene expression patterns after WV and [AA treat-
ment. I1:0. 1126 mg/L IAA;12:0.2250 mg/L IAA; WT: Control; W1 :500 pwL/L wood vinegar; W2:1000 pL/L wood vinegar
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ARBRA AR EAEE AL BRI (3R 1) 511 AR BE
MR L 12 AR PR, W AR BRAY . W2 4b 3
A, WT AR BEAY AR (181 2,36 1) .
DARECH 1, 1112 W1 H1 W2 kb2 B9 AR % H
ZFAREEH W ALBEAMREHKZ (K 2),
MR A A B AN TR o AR AL PR (W1 W2
AT AR 4 000 AR DAAR A TR 25 5 1 o A 5 i AE
TAA AR BEA (1) , WAR BT 25 27 i e A (BT 2A
D E i kIR ERAL)
PALZR R WIARBE R A 5 TAA ALY (2

RIS HT, B3 PN

MR B  TAA FIORBHRAL BEAY EARACK, H TAA

B2 AKREEHEFN IAA EIHUREFEEZMA LR
Fig. 2 Comparison of morphology of A. thalianas after wood vinegar and IAA treatment
A B.C.D F1 E 535/~ Z %] IAA(0. 1126 mg/L) TAA(0.2250 mg/L) X HE AKREE (500 wWL/L) FIAESHK (1000 wL/L) ZbFEE) 14 d IR IF
LI AR o H7 Sk TS A A AR IE R .
A,B,C,D and E showed A. thalianas seedlings treated with IAA (0.1126 mg/L) ,IAA (0.2250 mg/L) ,sterile water (control group) , WV (500 pL/
L),WV (1000 wL/L) respectively after 14 d of germination. Arrows point to places where lateral roots developed.
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Table 1 Records of leaf number and primary root length of A. thalianas seedlings
AbFE Treatment
il 2 WT w1 w2
Leaf Number (7d) W H- %kt 3.82" 3.33¢ 4.12¢ 3.90" 3.93"
Leaf Number (12 d) W} % 5.73" 4.67° 6.41° 5.81" 5.80"
Primary Root Length (7 d,cm) A 2.59* 1.95° 0.55¢ 1.74° 1.08¢
Primary Root Length (12 d,em) FARKJE 4.02° 3.82° 0.82¢ 3.20° 2.62°

A A B BRI R T 16 BRABUR I 4l I e (AP 298 3R P R PO R AN R EAR /NG TR R 22 5238 5% WK

Note : results of each group were mean values from 16 seedlings ; Different superscript letters in a column indictaed significantly difference at the 5% level.
3 it (WVFEA H e — 252 AR KR R S ) /Y 5%

R REG R I Aux/IAAL BB IR (E1A) K
3.1 KREERJAA MERZRFSEERREZNZNG

e W1 AbEE 5 min B, 25 e B2, {5 15 min B,
Aux/TAAL ) B B A B ] B30 ] Aux/ IAAS S5 5 S 5 Aux/TAAT ) Aux/IAAS 5 53 (&) 1A,
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B),I1 12 4h¥H, AbEE S 15 F145 min B, Aux/IAAL [
BSR4 B Aux/TAAS (55 55K T 1 HR
BE R AEAS [] Y fb B[] 5,15 .30 .45 F1 60 min ( [&]
1A B) Wl s A L | X 3R IR TS WL [ TAA fiE
AR S Aux/ TAAS S [ f# Aux/TAAL (R IE , Jifi
JARREHE 60 min [N, 26s [ A TE SCFTIRL (1)1
B R Mo R Aux/TAAL, Aux/IAAS 155 Sk B
ZHM, 60 min J5, W1, W2 £ Y Aux/IAAL 7] fE
22 R PAN ], XA R — R 5T .

Aux/IAA1 7] 5 ARFT M HAEH, M 5 AE H 5
ARF7 30 Aux/TAA19 fy8E 517 Aux/TAA19 BEH L
H 3 A AuxRE 37 5% [ B, Aux/IAA19 $ ] ARFT
s AE X SR T Y S min B, & 1A P 1C
ZE AL, {H 55 4L P 30 .45 F1 60 min [y 25 R A—
B, AHEI Aus/IAAL AT BE3E o 306 55 5 ARFT
AAD N BT Aux/ IAAL9 I IE , KRB JAA BERA
W (K& 1C) . TAA AbFE 5 min B, 11 12 Ab ¥R GRS
AR (] TA (B 1C) X AT RESZ R 5 min B B8

IAA19 L[ H Aux/IAAS XF TAA 0 {H 15 min
i, IAA ATREE 5 ARF7 A0 B AE 1Y Aux/IAAL FF
LR Aux/TAAL9 1Y5E 55 TRl Aux/IAAT 25 R
S o A A BT B 8 [ A 115 30 .45 min B,
IAA 555 Aux/IAA19 ik, T] BE & LA Aux/TAAL FF
GEIIH A B A R (ERBE RN Aux/TAAL9 B 51
WA TAA B58, 15 min B, W1, W2 4b#irp
AuxIAAT FFEETPH] Aux/TAA19 $45% (HE5 11 .12 4b 3R
AHECAN I, X R B W1 W2 Ab 3 1 I G5 0 ) ™
AIABEELE 1 12 b B Y2065, [ R Auac/ TAAT9 Xof
TAA/ KBS Lt Aux/IAAS BB 878K, 3% 5 Nakamura 25
7E 2003 4F B B 2 — 3019 : Aux/TAAS 5 1 M
() AuxRE [X 35 1] DL 45 4 ARF & (1 Aux/IAA19 4
3 E Aux/IAAL ST 5 ARF B A A
YERINH] Aux/IAAS 15655 A it — 25T
{AFEE 1A F PSS ZRIR I [E] 4, 7EET 1B A
LC I A AH XS N 1 5 sk R4 7 (R AR K]
1BWT 43 45 min F1E 1C 12 43R 60 min B A] ¥ 5L

5 min Z T, IAA WP A Aux/TAAL, 8% Aux/ B0 SR 2T ) X AT R Z M AH BLAE

| Amw o
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Fig.3 WV’ s auxin/TAA-like regulation pathway

ARTEWB AT IR Ausc/ TAAL il ARF19 f56 5% il Aux/TAAL F1 ARF19 2 (153 5% ARF7 @3 A0/ A VR IEH . ARF7 Al ARF19 W] 3 5
PSS WRKY23 1 LBD/ASLs 343535 A K 23 A AT i, ARFT [RIREAR AT 5E i fEHE Aux/ TAATO %% SR B B BRI BRIk . ARES
TR VA5 R AR T AR AE B S AEBA | RIR R AT (2 Au/TAATY 195 BRI ARF7 , AT 58 i Aw/TAAT SR Aux/IAAL Fl Aux/IAAS
Wi Awn/ IAAL il Aux/IAAS )56 FE T REARBRIRALE . SAUR-ACL B s [RIRE QL P BOR B L 2E , (B E AOAE IR T Aue/IAA-ARF ZREE T AT
A7

WV regulates the transcription of Aux/IAAl and ARF19. Their respective products Aux/IAA1 and ARF19 can repress and substitute/cooperate with
ARF7 ,respectively. ARF7 (together with ARF19) can regulate auxin distribution and lateral root formation through the regulation of WRKY23 and
LBD/ASLs. ARF7 can also repress its own effect through promoting Aux/IAA19’ s transcription, the protein product of which had the ability to repress
ARF7. WV had a negative feedback pathway:on one hand through promoting Aux/IAA19 synthesis to repress ARF7,and on the other hand through
Aux/1AA1 repressing Aux/IAA1 and Aux/IAAS ,the transcription of which can be activated by WV. SAUR-AC1 ,the transcription of which can also be
activated by WV, seems relatively independent to the Aux/IAA-ARF system.
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MM ZE 5, g — S WS 5] Aux/TAAS
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JIt Aue/ IAAT (5 [R] B H 2 B PR 32 52
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(9 H b5 7 9172, 5 & W] ARF19 7] fE B 800 Aux/
JAA19(E 1C D), 11,12 4b¥H,30 45 min B, A%
W s AR (] 1C.D) 55 min A1 60 min B}, JCAH
I, T RE Rl Aux/IAAL B [ 7 5% Aux/IAA19
WL ARF7 3G . W1 W2 ZbFE S min B, A5
e B ARAELE (& 1C.D) 530 min (51 30 min J5 , JoAH
UM, PTRESE A Aux/IAA19 83 ARFT H I AN
51 LbFRA 12 A FEARTR], W1 AbHEAT W2 b BRAE
AR Z Wi A s AN AL, BLAE 5 min GTASH
IR BEE 45 o, 558 A S AL B B R W T 24 30
min, 3X 2 B T AREE O 5 TAA A5G A9 2 PR A 9 75
SR L TAA TS

BRUETT Aux/IAA FEH A1, ARF B HIE A HE W
Iite. ARF7 Fl ARF19 P35 3805 #0155 5% LBD/ASL
SRR AR TE B 5 Grunewald %5 % Bl ARFT Fl
ARF19 T WRKY23 , WRKY23 3 isF ey i 1 il 32 il
WL AR AR K oA

AR BL TAA B 3815 3 42 A0 67 B i 9 1
(FE3) % AT TAA 755 19 £ X T T 80U 5 TAA
ARARL, HFAARTE (1), g B ny I 5 LB, A
E— 2 5T
3.2 REGHEITINEETT RS B A R0

Aux/TAAL SZNA A IS K 540 24 - B A
AR R AR B 5 Aux/TAAS FI Aux/IAA19 5
N 0 A< 200 LB TR FC R I e 2 s T A/
TAAT9 AT [ 52 W MR A K 5 ARF19 I 3 i - i
J& MUARTE A A K 240 AT T A K 2R 43 A T 3
T LA, P AR T Bl ) 7 . ATV mT Y
AuxIAAL Aux/IAAS Aux/IAA19 . ARF19 I SAUR-AC1
(1 FE 2) 3R, 5 TAA ARG XF R R A TIE S
2 L A 4 T A T TR T TAA 0 AT 40 e R ()
2) DN g AR B (B 2.3 1) R
AR TE B (P& 2) , PRI X A 0 T 28 A it ) 3 Wi ]
e SR KRR

A B W X AuxIAAL . Aux/IAAS | Aux/IAA19 |
ARF19 Il SAUR-AC1 ByiH 53085 TAA AR
[F (I 1) XA TR A A5 i 5 TAA AR ARUECATR]

ARBERJAA X R (R KR AR R0 RE R
Wi DG A 25 2 5 s R B R Ae 2E AR AE EMR AL S L
It I, TAA (e EMIAR 78 EARAGIE RS2 T sl (]
1A .C.\D), X RPIAB S TAA 9 4E A RUEAR
[l , X 22 5 BRI Bl fE 52 Aux/TAAL FiI ARF19
AP L DR ik 1R B AR AA 53R
BRI AR AN R B i 1, XA T i — 2R

4 s

KRB & Z R 5, AL 5 2 iR e 46
A B LA K22 TAA AR LR, T V8 2
R ZEZFESN Aun/IAAL | Aux/IAAS | Aux/IAAL9 |
ARF19 Fl SAUR-AC1 253 iy 21k, BT HELRG I 19
TS HE AT AL TAA (5000 s (H 5 TAA AH L
IR BRI R T ARBSR AL SER Y A K 1)
JATTHLEE, R Alb A 7 BB Y2 A A R A
B RERAL T 2% (HHE T HLHA frik— 5T .
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