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Coordinated Effects of IAA and Ethylene and Temperature on Adventitious Root
Organogenesis in Soybean Hypocotyl Cuttings
LIU Feng-li, WANG Wan-peng, LI Wen-bin, LIU Shan-shan, JIANG Zhen-feng

( Soybean Institute of Northeast Agricultural University/Key Laboratory of Soybean Biology in Chinese Ministry of Education/Key Laboratory of Soybean
Biology and Breeding/Genetics of Chinese Agricultural Ministry, Harbin 150030, China)

Abstract: In present study, hypocotyl cuttings from soybean variety DN594 with few branch and CHARLESTON with a few
branches were observed in the solutions of different concentrations of IAA, ethylene (ethylene releasing agent) , mixture of
both IAA and ethephon. Optimal concentrations of different solutions were determined, and then fluorescence quantitative PCR
was used to measure the genic expression of genes related to IAA and ethane with high and low temperature. The results could
provide more genetic evidences about gene expression of exogenous hormones during the formation of soybean adventitious root
under different temperature. The results were as follows: Low concentration of phytohormones promoted the formation of soy-
bean adventitious root, while high concentration inhibited the process. Different phenotypes were observed between vary soy-
bean genotypes, the phenotypes treated with mixture of IAA and ethylene were different with that of single hormone. Gene ex-

pression also varied between two genotypes and could be influenced by temperature. Genes related to ethylene could regulate

the expression of genes associated to TAA.

Keywords: Soybean; Adventitious root; IAA; Ethylene; Temperature

WE R K R E N E YR, feig
BARERAKEE" . BRIIBIERYN, &K
FEAEAE I IR b S S A T, 20 400 i 43 2
£ IR IR RS R S R AR E AR T R
B Ze e A K R A B S Re RDT
CARFFR RV, IAA 25 TRYWAERIE R 0ES:
EIAFE B BRI 2R X R
T BB P O TIF 5 95 5% 2 S W 0, L 28 A A I 45
N NTERRA 5 T IRAIGE . AR Al
WA ERRIE G FR T FEAE HAR . Steffens 261 fF 5%
W], LI TE R TR 2T 0 S 7 4o 5 00 200 i 53 22
% ABA A7 E A, Druege 257 F I 5 41 7%

rFE B #7:2017-02-07

Mrorid , WAL K PRI £ A A R Ak a2
MR S R A AR R . 285 0Pk, i
WA T DL R P AN E R G R EE A R i 2
PR 1R B P A s R R i R 4% 0
FESMIE 7 2 3R B 2 AN E AR B Il i 52 i [
FUT SRR RN A S AR A
B0 A O U XA ) AR BRI B W )
F R B P AR IR ) TN R R ) AR A K A
Jri 2 AR E IR A B R X TS R
PR BAZFAEARBE ST 1 R Scie ™ B2 i L A
BHE M BR HE , (AR ABISTE
REAEAY) K AR Wy a0 i 7 = 2R A

EEWA MK [ AR (31571693 ) 5 7 Z AL M Ml Fo AR 7k F (CARS-04-PS04 ) 5 3 g 145 1 12 5 BHOF S 3l 4 5 H (LBH-

Q14021) ; BIEVTAA HH T RIAAFFE I A (12521008) .

FE—EE R XA (1993 - ) , 22, W1, FENF R TG F A FHBIF T, E-mail:1099219893@ qq. com,
WIAESE  ZPRIE(1976 - ), B 18+, BBz, FENF R GBE RS TR EFIIS . E-mail: jzhf@ neau. edu. cn;
XU (1972 =), 2 1+ #8037, EENFE RGN0 AW 5T, E-mail ; ars336699 @ yahoo. com. cn,,



548

K TR

4

AR AZ ILEE R, TIOR3 T 4 R A s AR T8 5%
SN HE AW —F LR R A E R
ik Z I8, T IR BT 200 WA K
KM LIRS RGAERIE A, AT AR E T
JURth 368 2% DB A B, SR TAA L 2 & A ( M it
) TAA 1205 R B4 0 5 ¥ WO AN 7 ARTE Y 52
M, s 73 £ 4 3% 7 DR 3 PR R 2 0 v o7 [R5
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1 #R5FE

CHARLESTON (/304 1) ph ZR b Al K2 R A%
PRt

1.2 Ak

1.2.1 RRE#FERMEGRE SR TAA(EA
A ET TR B A PR W) AR A AR TR AR R A
i, CAaHR (M H AL RS R RHCA BRA ) AF R oh
VR AR AR A # R G IR 2k o AN TR R T
BREE U E W 1 M2,

F1 IAA MZHEFLEXE TREHMRKE
Table 1 Concentration of IAA and ethylene solution
i€ Bz

Phytohormone Concentration/ ( pmol -L.~1)

TAA 300 200 100 50 10
1.1 ## ZJ#&F) Ethylene 300 200 100 50 10
il A4 B R S B DNS94 (= 2 AL) Al
x2 IAAMZHFBEBRROERE
Table 2 Concentration of IAA mixed ethylene solution
W W
Phytohormone Concentration/ ( wmol - L.~ ")
TAA 10 10 10 50 50 50 100 100 100
WA Ethylene 10 50 100 10 50 100 10 50 100

1.2.2 KaTFRihHE0HRE SBESHED
(53 G K ) , P 0. 1% NaClO % 30 min,
W 32 25 A8 KGR BE DN594 il 43 B A K 5L M R
CHARLESTON [y #f + Ff #F 0% A B, ¢ 25°C A0
RH80% (it % i 35 9% 6 d, 75 F ity % T 7
6 emAbYIBUR/NVATK 34— 300 6 d KE4hE, 345
KRG T 5% . R S 46 S8 B T02F P 40
A i 3 .

1.2.3 #A42 HREWN TG RRAESA
W TAA  ZIEH B TAA G AR AR 3 em
TR TV BEAR AR B 24 by SR S5 FHZR I K i T Al

# M 1/2 1) Hoagland & R 557 8 d Ja SR iR %L
HOEL 1 mm B3HECAR) T IRZLGH 51T,
1.2.4 BEARFENEE PCR o4 HEidp—
TR A B 00 AR A5 AS [R]85 A B 7 AR 10 e
WRIE SR JG7E 20°C 1 30°C % A% 14 T F 3 A R 17y
ARG R4, e G AR B[R] B, SR 4 CHARLES-
TON 1 DN594 (1438 2% kb B A 5% 401 v F0 X BB (AR 4
TR 2, 57 RBCE TR, SR 5 $2 B RNA MR 458X
A A IR R 7 vk AT SEN GE 4 PCR, 4072k
e Zm 07 PR 35 DR RN 2 0 o 1 PR 35 PR 7 S TR 4
ZUNFRIRNE L. DOLE R PCR 51 L3R 3,

#3 WHEZPCR3|Y
Table 3 Fluorescent real-time PCR primers

GenBank #3555

GenBank accession number

1 BORAN
Amplicon size/bp

SIS (5" —3")

Oligonucleotide sequence (5'—3")

Glyma. 19g163900

Glyma. 19g161100

Actind (AF049106)

87

234

214

F: AGGAAACAGGACTTGGAGGAA
R: CCGCCGATGTGCTAAGAAG
F: CTTGGACTGCCTGGAAACG
R: AACCCACCACCTGCGTCTT
F: GTGTCAGCCATACTGTCCCCATTT

R: GTTTCAAGCTCTTGCTCGTAATCA
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L3 HESW
K FH Excel 2010 F1 SPSS 19. 0 #4754 48 31
UE=Vig

2 HREHH

2.1 B—HENKETHHBRATRERM
A

2.1.1 IAA FE12 1 Hoagland ERWRFE 3 d

J& , K G WA 2% 76 TAA 4b 38 5 JF I B KR IF

24, BEAE TAA ¥ B 035 /i, DN594 il CHARLESTON

T LA AR AR 35 SE kS hin 5 0, 76 300 mol - L™

WREZAE T 2 (b bk K 285036 A K FE T 5 7R Uk
JE 4 50 wmol - L™" Bt , B B i MR A0 Bl e 22, 7
JE R 10 wmol - L™ Ak, B B 52 MR A e, T 7 4 114
S DN594 K3k 1 em, 7F DN594 il CHARLES-
TON PHAN b2 (8], 7EAH [R] 9k 2 DN594 T B (1)
ANEMES b CHARLESTON JE 5% [ AN 52 AR £, 16 ik
JE# % 100 pmol - L' [, DN594 [ A 5EAR I 2% £ F
CHARLESTON (3 4) ., ] TAA ¥ BEBA B X R G
TSRS TE AR ol St 00 {1 e 2 12 3 vy e 41 o 1
4, T ELAN [R) 356 A 25 ) A B ARCR 25 5B

x4 TAA RBAETHBBENAERBEHFN
Table 4 Effect of IAA on adventitious root quantity of soybean hypocotyl cuttings

Al Wz &/ME - FN N PIGMH « bRz
Variety Concentration/ (wmol - L") Minimum Maximum Mean = Std
DN594 300 7.00 27.50 17.25 + 4.50

100 24. 50 32.50 28.50 + 5.66

50 29. 00 35.00 32.00 + 4.24

10 15. 00 27.00 21.00 + 8.49

0 10. 30 13.70 12.00 = 1.39

CHARLESTON 300 8.00 15.50 11.75 + 5.31
100 13. 00 24. 00 18.50 + 7.78

50 29.00 32.50 30.75 + 2.48

10 8.00 15.50 11.75 + 5.31

0 11.50 14. 80 13.15 = 3.41

212 LA REREIRRAEAEM(ES) K W NS4 TR A AR BOk He CHARLESTON

5T IR 25 AE 20 A B S T 56 B R OR T 24
Bt 24 ) v FE B 3% i, DN594 #1 CHARLESTON
T AN 2 AR A B8 it 552 TR S 388 i e D ka # TE vk
JE 4 100 pmol - L' B, LA AR B e 22, 7F
DN594 1 CHARLESTON 54~ b i 2 [i] , 76 Af [ 14

% AEHE 9 200 F1 100 pmol - L' i}, DN594 JE i,
AEMRBEE % 2 T CHARLESTON, 3% BH 2.0
TR P2 B2 0 52 ) R 47 2 A S AR, 2 DR 2R ]
WA B 22 5%

RS ZHAEBXETHRHERNAEREEN MW
Table 5 Effect of ethylene on adventitious root quantity of soybean hypocotyl cuttings

A Wz F/ME BRI PIGME « bR
Variety Concentration/ (mol -L.~") Minimum Maximum Mean + Std
DN59%4 300 3.50 9.00 6.25 + 3.89

200 9.00 15. 00 12.00 + 4.24
100 14. 50 15. 50 15.00 + 0.71
50 5.50 9.00 7.25 £ 2.48
10 9.00 12.50 10.75 + 2.48
0 10. 30 13.70 12.00 = 1.39
CHARLESTON 300 0.00 2.50 1.25 + 1.77
200 3.00 6.00 4.50 = 2.13
100 4.10 8.50 6.30 + 1.77
50 5.50 11.50 8.50 + 4.25
10 7.95 11.50 8.73 + 3.16
0 11.50 14. 80 13.15 + 3.41
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2.2 TAAMMZHAWREBRENKE THHHEE

T B AN E AR B 2 M1

F o3 HT TAA N 2K DR K AN 32 AR ML
ARG F A R Ve B2 TAA F 203 RN A A H R 5
TIRRAE AR (3R 6) o LA TAA B 206 ) Ab 345
Fpl, A B 3 d JE, KT IR AT IR I KR T
H YA R RS A 10 wmol - L™, A R AR 19 $i
Bl 2, 4 1) P e 5 34 o 2 B SE 5 D R A, fE
Az K2R EE Ry 50 pumol + L™, R 5 A A B B 2,
S R e B BG S IS D IR R e, AR R

WS 100 pmol - L1 Ak, AN 2 MR Bk i 2 )k
DI RS T R O = T WA 1 | B )
10 ol - L' A, AN 52 AR I0ER: o A4 K 28 3k B8 38 o v 34
M. 24 TAA FIZKEFIH L4331 100 F1 10 pwmol - L~
i, CHARLESTON JE ) A 52 AR A 5 e K 3 14
Ko 1 DN594 WIFE TAA Fil 24 F1) e B 43 31 R 100
150 pmol - L ™" B ik 51| i K {E ; DN594 FE A AS 52 #R
% b CHARLESTON & Wi AR 22 i A £ 22, Ut
B PSS R AR [R] X TAA 1 208 R 0 R i = IR & Ak
PREUBMEANA]

R 6 ZWHEAERETHMESEIRERMYFM
Table 6 Effect of ethylene on adventitious root growth of soybean hypocotyl cuttings

. Concentration(IAA + Ethylene) f/ME Rk TR = R
Variety /Gl L) Minimum Maximum Mean = Std
CHARLESTON 10 + 10 7.50 10. 50 9.00 + 2.13
10 + 50 14. 00 19. 00 16.50 + 3.54

10 + 100 12.50 15.00 13.75 = 1.77

50 + 10 18.50 24.50 21.50 + 4.25

50 + 50 5.50 13.50 9.50 + 5.66

50 + 100 17.50 22.50 20.00 + 3.54

100 + 10 13.50 32.00 22.75 + 13.08

100 + 50 13.00 30. 50 21.75 + 12.38

100 + 100 9. 00 21.00 15.00 = 8.49

DN594 10 + 10 14.00 24.50 19.25 + 7.43
10 + 50 12.00 20. 00 16.00 + 5.66

10 + 100 13.00 18. 00 15.50 + 3.54

50 + 10 24.00 32.00 28.00 + 5.66

50 + 50 17.50 21.50 19.50 + 2.83

50 + 100 27.50 30. 50 29.00 + 2.12

100 + 10 30. 00 40. 00 35.00 + 7.07

100 + 50 31.50 41.00 36.25 + 6.72

100 + 100 18.00 33.50 25.75 = 10.96

2.3 AEIBETHEKENZ G EFEEFRIE FZBER FRIRACE LT X B i P R A mT B A2
KKK EZ PCR 4347 I, LI CHARLESTON T8 S HH &g, J5& (R A [8] 43+

FE R GE AR 2 R 0 B 2 al b, AR BIF 5 7E KR
(20°C) AR R (30°C) 5 F A T 1 A K R
o P F-3E B Glyma. 19g161100 i1 1 A4~ 2, %70 1 PR -
FEH Glyma. 19g163900 7EAR F p Rk i, @
i PCR S5 RAUESE T K SR EMRIE it 2 o A7 78
AR RXEZHF, AKFEmpFFEKE Gly-
ma. 19g161100 £ Fh 5L K RIAR R rp ¥y 5k, (B2
FEARR 25 N B TAA 4Zb 3 ¥y CHARLESTON iR &
ALFREY) DN594 A, o AhBRAC T i 3 R e 3R 24
R TR B IGR (20°C) 2500, AR KK iy
R (K 3R Gk A7 2R i 5 S i A 35 T, £ -4b

Hrak W], CHARLESTON 7EARIR TAA 55 55 4F T Rl
TRIR B I AL IR 25 1R T K 3R 36 IR F DN594,
50 ] S DAL AR () 5 R i o, TAA B3R A LA AE 25 5o
TEARIR A TAA FI AR ARG A B F R IR R
B RART A A B H & T TAA
AbF TE R AR T IZ SR 2Rk B B AT TAA
NG b 3, 2R 0 2 A indm ] 17 AUX i i
PR PR 35 , U0 ] 20 A B0 A K R IR 3R A
FETEW] . B R 2800 (18T 1) 5 & Mo 1z PR 5 6 )
Glyma. 19163900 335 76 5 AR IR AL BR 25 T o
FIATRIRLAE 9 il A% A T 12 TR R 8 I Jd v %
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S, WL B X2 RS MR A o e DR R e i R TN
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S, A R DR 7R ] Xt 32 5 DR i o7 77 7 B 22 e o 9
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Relative expression level

*k

CK IAA ZIEF]

AbFR Treatment

BE

A:20°C ; B.30C.

AN FIEF

Relative expression level

B R AL TR Z L DR 2 1k A7 e B R, e R IR
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*and ** showed significant difference at 0. 05 and 0. 01 level between the two varieties, respectively.
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Change of expression quantity of AUX related gene induced by IAA,

ethylene and IAA mixed ethylene
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*and " " showed significant difference at 0. 05 and 0. 01 level between the two varieties, respectively.
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Fig. 2 Change of expression quantity of ethylene response gene induced by IAA,

ethylene and IAA mixed ethylene
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