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Abstract Auxin plays a crucial regulatory role in plant
growth and development processes. Three major classes of
auxin-responsive transcription factors controlled by the
Auxin/indole-3-acetic acid (Aux/IAA), Gretchen Hagen 3
(GH3), and small auxin up RNA (SAUR) genes regulate
auxin signaling. Aux/[AA, in particular, encodes short-lived
nuclear proteins that accumulate rapidly in response to auxin
signaling. In this study, we isolated a PagAux/[AAl gene
from poplar (Populus alba % P. glandulosa) and investigated
its expression characteristics. The PagAux/IAA1 cDNA
codes for putative 200 amino acids polypeptide containing
four conserved domains and two nuclear localization signals
(NLSs). Utilizing Southern blot analysis, we confirmed that
a single copy of the PagAux/IAA1 gene was present in the
poplar genome. The expression of this gene is specific to
leaves and flowers of the poplar. PagAux/IAA1 expressed in
the early exponential growth phase of cell-cultured in
suspension. PagAux/IAA1 expression level reduced in
drought and salt stress conditions, and the presence of plant
hormones such as abscisic acid. However, expression
enhanced in cold stress, cambial cell division, and presence
of plant hormones such as gibberellic acid and jasmonic acid.

E.-K. Bae (0X) + Y.-I. Choi - J. W. Choi

S Ainetel AR sioi Rl

(Forest Biotechnology Division, National Institute of Forest
Science, Suwon, 16631, Korea)

e-mail: baeek@korea.kr

H. S. Lee

TN TSR A MY BT}

(Forest Bioinformation Division, National Institute of Forest
Science, Suwon, 16631, Korea)

Thus, these results suggest that PagAux/I[AA1 participates in
cold stress response as well as developmental processes in
the poplar.
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SAl(Auxin) A& 0 A e v o] FRIF AT AT
EAEA AE Y, 24 9 Eokel 22 Al 21 (cellular
processes)©f & 1] 2] th(Teale et al. 2006; Luo et al. 2018).
AlEo A ezl 7] S4 §Eg F-A A= duxin/indole-3-acetic
acid (Aux/IAA), Gretchen Hagen 3 (GH3), L8] 2L small auxin up
RNA (SAUR)7} ) th(Hagen and Guilfoyle 2002). £ 3] Aux/IAA
FAAF E Y= oy AE FoA EH W, =HlQl 74
of Wl 5719 150 &2 Y=o A th(Wuet al. 2017).
Au/IAA T2 & 32 Al S ol A 27] FAI WS
Ao AA A=A 7] 53l =g o] FhE o el A 2 A 4
7N RZE% T ol(Domain I ~IV)Z} 271 ] nuclear localization
signal (NLS) A} &€& 7}#| 1L QI th. E3] Aux/IAA THal 2 o] =
] o] TIT ~ IV 241 HF-g- 21 X (auxin response factor, ARF)2}
AT 5 Sl ofn| Al S ZFHSFAL 1Tk (Abel et al.
1994; Dreher et al. 2006; Kim et al. 1997; Ulmasov et al. 1997b).
Au/TAA Tl A T} ARFO] A Al 5o os) =4
Hrk Al f S4 F=7F AAasHH, Aux/IAA thel e
ARF £h) 8o 2315111 941 kg G AA2] BAS o 4|3t
o2 HAL oA QAR A] 2-g ek Hh 2 4 S5} 2o}
A Aux/TAA T2 2 EQHg ol 4 f-8] F] | -2 2 H| o} &

o9l
filo
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X2 800] o] &) $3) )2 ARF £h) 0.2 27) 241 9§70
245 &4 3] 71 th(Calderdn Villalobos et al. 2012; Parry et al.
2009; Tan et al. 2007; Weijers et al. 2005). w}2tA] 4 & A A2}
MPeRe A2 2% o] SR ob whe 7o) 4] SAl o] wieh
of ¥k-g-8tof SAl Al T AE 7 = ofl &fsff £ Fl th(Liscum et
al. 2002; Luo et al. 2018)

Al E o AE A G- W 8} dun/[AA A= £4l
SAZ 2D Y EL T2 A S 28-St} (Shani et al. 2017). off
7178, B R ol A A /A4 A2 HhE o] oA
%] YA TH(Du et al. 2013; Liscum et al. 2002; Jung et al. 2015; Song
et al. 2009a; Wang et al. 2010). AtIAAS5, AtIAA6 L AtTAAI9 &7
A7 AR E of 71 = Az o ek vz o] F7HE
HHH OsIAA6 52 7F I W= Az tigt Wi ol
27} 314 th(Jung et al. 2015; Shani et al. 2017). 1Y AZx,
P A2 g AEY Ao 3t du/ldAd AR 7]
24 A= Ao v B2 A4S 28 & 3hth(Shani et al.
2017; Luo et al. 2018).

U9 A%, 24 HE A O A(Eucalyptus grandis), €
o} AYUF(Pinus taeda) X E T 27V 1} XZ-Z 2 (Populus tri-
chocarpa)| X @74 53t &5 Wb of] 30 8= Aux/IAA 774
A} g 2] 9] vhe A7} X 1% 9 T Goldfarb et al. 2003; Nilsson
etal. 2008; Yuetal. 2015). £3| Eg]| Z7}1} 32 & 2] genome
ol ] 357 2] Au/IAA SRR EA | T, PrldAl4.] O-A
A7F A& 0] e W3to] 7105k A= HAES] o
AAE PrrlAAI4.1E o 7178 ol T AIZS of 9 &
cheh | S WA 7] © 244 E-215} 9 th(Kalluri et al. 2007,
Liuetal. 2015). &) UF UH59] dux/Idd S ©] 7] 5 o =
= 9el A LA Yt

2 Ao A = Lol Al 7]5o] F A A A] 98- Auv/IAA
S A AE F A YT (Populus alba % P. glandulosa) ol A H-2]
sho] L2 E WL N EZ A, B UL HBEL 2E
g g AETad Ao e dd 54 2ASI T
ol A5 EE Auv/ld4 FAAS] vt Hd =4
= &oto] vpo] Quff A 7] 9l AE g A A U 7l
7199 4= Qs A S = 7| gt

& AA| U F(Populus alba x P. glandulosa) S X EX & 2 AHE
sholom, HE AlRe A5 & SA] dA| Ao 97 o
-70°Ce]| Bt gioh @A U A= THA 71520
cmE Zef ZE O] o] A3 5 25°C, FF=7] 16417 271 9] &
Aol A 371 F AT o, 7] D el = 1ad A
HHO|A 2k 2 A FH 8} aL, 22 oF 253 A o] FARA Lo

A 3ol A5} 3l th(Bac et al. 2009). 45 WS W3}
=

G432 ZANA BE 91 284 BAILE E7]]
A 49 1290 49 2190714 39 7 0 2 A3k

HEMIOME ti

Ao i Aol Rlol 4 4 =5t
ot HEM) A Fo Leeetal. (2007)2] HHHH ©

g AP 22 ALG5to] A) 3289 5H4
A 0w AP LE $ARD AFFES SHote] 2
AFsFS T, & Bl oFull 2] &= sucrose 30 g/Le} 2,4-D 1.0 mg/L,
NAA 0.1 mg/L, 6-BAP 0.01 mg/L7} & 7} % MSH ] (Murashige
and Skoog 1962)5 pH 5.82 A3} th 18] 1l 121°Cof A]
158 7F 19 E 519 th(Lee etal. 2005). vj OF 2 =9} 34 2 A
2 7+7+ 22+ 1°C9F 20 ymol m?s ' 0] 91 11, Fl g oF &= = 130
rpm©| 4 Th(Lee et al. 2005).

e

Total RNA =2/ 2! cDNAEHY

Total RNA+ acid guanidinium thiocyanate-phenol-chloroform
% " (Chomezynski and Sacchi 1987)¢f w2} TRI Reagent
(TR118, Molecular Research Center, USA)S A}-8-3} o] 2|5}
ATk 8U & o AEfu FA 2ol A] F2]3F 1 ug®] total RNAE
Z3 © & One Step RNA PCR kit (RR024, Takara, Japan)-2- ©]
§-5to] vl of] whef M4} Aux/i44 cDNAE /3 5t Sl
o] Bh-g-of A& mepo|w= B AL [ 2] EST
(expressed sequence tag) £-4(Lee et al. 2005)& Z3f Alwkst
Aux/IAA AR O] 7] AL ulEko & 5 AATATTGCAA
CCCTTGCCCATCACC-3’ (Forward)?} 5’-TGGCAGCAGCA
AATCTAACAACATG-3’(Reverse) S A| 23} ).

Aux/IAA TR BIIME 24

Aux/IA4 cDNAQ] & 7] A g-& A A3t} Vector NTI v.10.0
(Invitrogen, USA)S: o] §-5}o] all4F obv] sk 42 8 52k
& A3 ol Ak ool Ak A e] AEA] 242 NCBI
9] BLASTE ©]-&3}¢] 4=3)3} % th(blast.ncbi.nim.nih.gov/
Blast.cgi). el 4} ofv| le At A FS o] &3 A Z WY 9% S| &&
£]3}o] iPSORT program (http://wolfpsort.org/)(Bannai et al. 2002)
& AFg5}9A, o] 221 4] Tl 9o} Bo}5-& PROSITE
(http://prosite.expasy.org) & ©]-§5to] Tl Z o EAjsl= K
2 90 & A5} Th(Sigrist et al. 2005). T 2 0] 415 A
3-8 Uniprot program (http://www.uniprot.org/align/) . 2 Clustal W
algorithm-& A}-8-5} %1 t}. Phylogenetic treest= MEGAA4.1 (http:/
www.megasfiware.net/index.html30)-S A}F&-5}F6] Neighbor-Joining
o2 A st
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Southern blot 244

AR U 9 © 2 B E] MagaExtractor Plant Genome (NPK501,
Toyobo, Japan)& ©]-8-5}+o] v+ ol w2} genomic DNAE
Eg) 3}t 10 ug 2] genomic DNAE 10 U2) A F& 4 BamHI,
EcoRl, Hindlll 2 XbalZ o] £-5}6] 2+7+ kA 5] Aehslaict.
Agtas= A genomic DNAS o gh-& 34 Wijo g
3] <=3} 2L 1% agarose gel o] 7] %551 4 th. DNAE capillary
transfer W' © 2 nylone membrane (Hybond-XL, Amersham-
Pharmacia Biotech, UK) ]| 4 ©] A] Z th(Southern 1975). Probe &
AFE-5E cDNA Q] Y As E A S $]5}19] Multiprime labelling kit
(Amersham, USA)E ©]-8-3}¢] vl i+ o]l we} ¥h-g-A| Zith.
Membrane2 10 ml2] 1x PerfectHYB plus hybridization buffer
(Sigma, USA)e]l W31 68°C, 1417} 59t A A 2|3k glet. oP
2 H A8 A2 Pagdux/IAA1 cDNA probeE hybridization
HF-g-olof] 715}l 68°Cof| A 12A] 7F 59t hybridizationd} 41
t}. Hk-2-0] £ membrane2 0.2x SSC-0.1% SDS g O &
65°Cof| A] 1587k 33] A| 7 51 91 Tt Membrane-& X-ray 2 £-©]]
H 2R T3 -70°Cof| A 3L 7 e &A1 7] & dA5E9 th(Lee
et al. 2005).

HIMEN A A O 4B522 2|

Azot A 2B A AP E flsho] A A Ef 250mM
mannitol ¥} 150 mM NaCl & Z+z}F & 2] &t t}-& 24| 7k3} 104]
b & A gl oF ok ek A2 X 2= el A 27 50
\ = A ETAIE2°C Y 2o A5kl 247k 10
|7t FoF AR et gieh. e i A FAEE A=,
o W Ao Alak Al7tol wel 22} ekl 4B s e
2 2] = $J5lo] & el 9F Al 32 of] 25 uM abscisic acid (ABA),
20 uM gibberellic acid (GA), 10 uM jasmonic acid (JA) % 20 uM
salicylic acid (SA)Z Z}2} A 745} a1 0.5A] 7kt SA) 7t E-¢F |f
It o skt e v A = AFHZE o] &5
of Wi A& A| Ak A H o 7 th -70°Cof| Hais)
& tH(Bae et al. 2009).
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Northern blot 24

10 pg 2] total RNAE 1.2% formaldehyde agarose gelof| 7] %
%3} th-2 capillary transfer -2 ©]-8-5}0] Hybond-XL nylone
membrane®]| % o] A| i t}. Probe 34 1} hybridization-2 Southern
blot 241} 5 5} vl © & A A] 6} 91 th. Membrane-2- X-ray
5ol F2Fg o3 -70°Co A 197 =S A7 3 d 4513
t}. mRNA Q] W& A &= Imagel 1.4 software (http:/rsb.info.
nih.gov/ij) & AH&-5Fo] AFE5ql Tt

Kzo) shnska] B4 315 $istel AT 27 A

Aeha] 4 90| o} 434]2h, 4°C
of| Al LA A AT} LA N2 2.5% glutaraldehyde 2} 1.6% para-
formaldehyde S Z 35l =2 A 23519t 1A E AR E o
e 2 &3} T2 Technovit 7100 (Kulzer, Germany)2 % &
AlA BEEL A A8t &2 -2 microtome (Leica RM 2165,
Germany) © 2 3 um F7| 2 2t Sefo| 2o u X AL &
2}o] == 0.1% periodic acid®?} schiff -89, toluidine blue 02
AT 2of FoFE ] % (Leica DMR, Germany) = 25191
tH(Kang et al. 2004).
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PagAux/IAA1 SRl E2| L oMt ME EY &M

& AA| YT (Populus alba * P. glandulosa) T EF8l| OF A 3£ 8-
9] ¢DNA library (Lee et al. 2005)= 5 ¥ auxin §H-3- 34 2} 2+
FERE U U= 1719 S22 Adsqlth of A A
o
&
(ORF)x 7}A]<= 20071 &f ofm]leAbO 2 LA | mf ofu| iz ik
O] o i EAFFE 22,7 kDao| t}.

o] HH9] ofu] At Al H-& NCBIY] blastPE 0] &5}
B A5F Aa), 24 WS- AR} 2 Auxin/Indole-3-Acetic acid
(Aux/I4A4) )2 2]} AsA o] =kt E3] P. trichocarpa®)
Aux/IAA =1 Q1Z 323 7] 5 o] Ye| A A] g2 PtAux22
(Potri.001G177500.1)2} 99% % PtAux22.3 (Potri.003G056900.1)
7} 88%9] 54 & LEF QA th(Fig. 1A). wheb Al FARA LR
o A E23t A%} cDNAE Pagdux/IAA1 (Populus alba %
Populus glandulosa Auxin/Indole-3-Acetic Acid 1) (MN413593)
o2 yystah

2418 520 9] AuwIAA Tl S S B4 23,
PagAux/IAA19] o} 1| e A A G -& o} F= 78] (Ricinus communis)

S 4=4p(Zea mays) Q] Aux220l| ZH7} 77%2} 68%9] 4573
= WEFH Aok 3t of 7] o ofl A KL% 297] TAA -7 2}
% AtAA199] ofm| it A H 1} 61%9) 445/ YEFUH S
th(Fig. 1A). t}2}A] PagAux/IAA] THEl21.S Jux/I4A 3=}
o) 2] of] &55h= Aux229} 5-AFsHSL T

PagAux/TAA1 THal 242 7] 2 of] o] %l Auv/IAA -7 A} af
2] of| A of o] 470 &] B2 = I(I~1V)2} 27] ¢ nuclear
localization signal (NLS) A €& 7}X] 2L Q) A thFig. 1A).
PagAux/IAA1 THel 4 o] =] Q] [.& “TELXxLXxLPG® R €] 32 2
7FA 2L Q) A ch(Fig. 1B). P. trichocarpa© 4] E. 115 PHIAAS]
= 9] [ “LxLxL” T = “TELXLXLPG” & A4 =] ], off 7] &}
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Domain I
94 PtIAA3.5 PagAux/IAAl ---MAQPLGLEITELRLGPPGSEKGP------ RNEKKRVFSELSGEAN-—————————— s 40
A PtIAA3.6 B PtAUX22 —---MAQPLGLE ITELRLGPPGSENGP-————~ KNEKKRVFSELSGEAN-———======= s 40
45 VrAux22B PtAUX22.3  ---MAQPLGLEITELRLGLPGSDDGH------ KNDRKKRVFSEVSGEAN-——————————— s 40
PAA3.1 AtIAAL9 --MEKEGLGLEITELRLGLPGRDVAEKMMKKRAFTEMNMTS SGSNSDQCESGVVSSGGDA 58
PUAA3.2 AtIAA6 --MAKEGLALE ITELRLGLPGDNYSEISVCGSSKKKKRVLSDMMTS SALDTENENSVVSS 58
AtIAA3 AtIAAS MANESNNLGLEITELRLGLPGDIVVSG--E-SISGKKRASPEVE IDLK-————————--— 45
AtiAA4 GmAUX22 - -MAKEGLGLE ITELRLGLPDAEHQVSVVN-KKNEKKRAFSEIDDGVGDENS S ————— sG 52
AtIAA1 RCAUX22 --MAKEGLGLEITELRLGLPGGDQGI—————- KNEKKRVF SEVSGDEGNSASS————— TT 47
AtIAA2 OsIAA24 Domain II Domain III
S| PagAux/IAALl TTDGRKTQTTSQVVGWPPVCSYRKKNSFNEKD-SHETSKIYVKVSMDGAPFLRRVDLGMH 99
OslAA14 PtAUX22 TTDGRKTQTTSQVVGHPPVCSYRKKNSFNEKD- SHETSKIYVKVSMDGAPFLRKVDLGMH 99
PtAUX22.3  TTDDRKVQTKSQVVGWPPVCSYRKNISFNERDRHHETSKIYVKVSMDGAPFLRKIDLGMH 100
OslAA12 AtIAALS EKVNDS PAAKS QVVGHPPVCS YRKKNSCKEAST-TKVGLGYVKVSMDGVPYLREMDLGSS 117
100 ZmlAA19 AtIAAG VEDESLPVVKSQAVGWPPVCSYRRK---KNNEE-ASKAIGYVKVSMDGVPYMRRIDLGSS 114
AAAS OslAA19 AtIAAS -—CEPAKK--SQVVGHPPVCS YRRKNSLERTK -~~~ SSYVKVSVDGAAFLRKIDLEMY 95
t AIAAS GmAUX22 GGDRKMETNKSQVVGWPPVCSYRKKNSMNE GA-———— SKMYVRVSMDGAPFLRKIDLGLH 107
A9 RCAUX22 TTCDQKIPTKSQVVGWPPVCSYRKRNSFNEKE-RLETSKLYVKVSMDGAPFLRRIDLGTH 106
RclAA19 Domain IV
AHAAS PagAux/IAALl KEYSDLVVALEKLFGCFG-IGKALKDTDDCEYVPIYEDKDGDWMLVGDVPWEMFIESCKR 158
AtIAAG PtAUX22 KEYSDLVVALEKLFGCFG-IGKALKDTDDCEYVPIYEDKDGDWMLVGDVPWEMFIESCKR 158
AHAA19/MSG2 PtAUX22.3  KEYSDLVVALERLFGCYG-IGKALKD----EYVPIYEDKDGDWMLVGDVPWEMFFESCKR 155
GmIAA22 AtIAALO QGYDDLAFALDKLFGFRG-IGVALKDGDNCEYVTI YEDKDGDWMLAGDVPWGMFLESCKR 176
53 VrAux22 AtIAAG NSYINLVTVLENLFGCLG-IGVAK-EGKKCEYIIIYEDKDRDWMLVGDVPWQMFKESCKR 172
RcAux22 AtIAAS KCYQDLASALQILFGCY INFDDTLKE---SECVPIYEDKDGDWMLAGDVPWEMFLGSCKR 152
99, PagAux/IAA] GmAUX22 KGYSDLALALDKLFGCYG-MVEALKNADNSEHVPI YEDKDGDWMLVGDVPWEMEMESCRKR 166
83 PtAux22 RcCAUX22 KEYSDLVLALEKLFGCFG-IGKALKDADSSDYVPIYEDKDGDWMLVGDVPWEMFTESCKR 180
PtAux22.3
o7 PtAux19.3 PagAux/IAAl LRIMKRSEAKGFGLQPRGALQ-GNISKDDRDWETTQNTEFGRI 200
AHAA15 PtAUX22 LRIMKRSEAKGFGLQPRGALQQGNISKDDRD
| PHAA15 PtAUX22.3  LRIMKSSEAKGFGLQPRGALK--GISKDERH
88 OslAA23 AtIAAL9 LRIMKRSDATGFGLQPRGVDE——————————————————————
% o OslAA1 AtIAA6 LRIVKRSDATGFGLQQD
100 OslAA15 AtIAAS LRIMKRSCNRG
GmAUX22 LRIMKKSDAKGFGLOPKGSLKG-FIESAAK--—-—-
TR RCAUX22 LRIMKRSEAKCFGLQQKGALK—-GITNEDRN

Fig. 1 Comparison of amino acid sequences in PagAux/IAAl and other Aux/IAA homologues. (A) Phylogenetic tree based on
PagAux/IAA amino acid sequence and Aux/IAA sequences from Populus trichocarpa (Pt), Arabidopsis thaliana (At), Oryza sativa
(0s), Zea mays (Zm), Ricinus communis (Rc), Glycine max (Gm), and Vigna radiata (Vr). (B) Multiple alignment of deduced amino
acid sequences of PagAux/IAAl with Aux/IAA homologues from Populus trichocarpa (PtAux22, PtAux/IAA22.3), Arabidopsis
thaliana (AtIAAS, AtIAA6, AtIAA19), Glycine max (GmAUX22), and Ricinus communis (RcAUX22). Amino acid domains (I:
repression domain, II: F-box binding domain, III-IV: Dimerization domain) are indicated as shaded portions

ol A = 8- A}} % tHKalluri et al. 2007). £3] T2l [o] &
S “LxLxL” HLE] 3= 2 A] HE-2- 9] 2} Auxin response factor,
ARF)?] 7]5-& A 8F=1 o] Shh(Tiwari et al. 2004).

PagAux/IAA1 S “VGWPPV” RLE] L2 7} 11 9] ¢ th(Fig.
1B). AwvIAA Bhal 2 9] ebd 43} Bl Eolol 1 2
“YGWPPV” = “VGWPPI” HLE] 22 7}2] 11 9] T}, “VGWPPV”
£ 5k 13719 degron Al 74 T A2 SCF E3
ubiquitin ligase - 9+4] ©] 3 2 o] & o] ol &= A= o
#] ) th(Dharmasiri et al. 2003; Reed 2001; Sato and Yamamoto
2008). whehA] Aux/TIAA THel A o] Fafj & 74 9F 4] Hh-g-2
ZF R EE | Q1 119 o9} & o] @) th(Ramos et al. 2001).
T QI IV Au/IAA T 2] &= 4] 9hg- Q1A=
E 3Ol AI S = o] F o] A S}l Tof gt SA HhE-
AR L2 R Eof = LAl BHS- cis-elementS 7} A 1L Q)T
whepA] L4l WE3- Q1A Ajtsto] £A1 vhg- f-A A o]
& ZA35HA " thKimetal. 1997; Ulmasov et al. 1997a; Ulmasov
etal. 1997b).

PagAux/TAA1 ©H8 21 2 27| O] NLSE 7} 2| 1L 9Jth NLSZ
St Aux/IAA =1 Q1 VT Abo] o] ¥shA] oh+= KR &=
| Q1 o] A A A 9131, th& Sfiti= Domain IV $]2] 3}
tHFig. 1B). o] Ai}= 53}, BEvtEE 236l ot A&

o) AudIAA =5 Q1L A3 Auhel 4 AFah g rh(Han et

al. 2012; Wang et al. 2005; Wu et al. 2017).
Southern blot analysis

PagAux/IAA] -2 A}F9] copy

5 &913}7] ¢15}9] Southern

blot &4]& A AISFATE @AM L9 $lof| A 2 2] ]F genomic

DNAZE A3t & A BamHI, EcoRl, HindIIl ¥ Xbal = &4 3| &
ot & A& PagAux/IAA1 cDNAE probe =2 A3} it
71 A3} BamHIo| A= 171 9] band 7} VFEFS A1 EcoRl, HindIIl
9 Xpalo]| A= 371 2] band7} UFEFSTHFig. 2). Pagdux/IAAI
9] ¢DNA & 7] A &G Alol| Aleta A EcoRIT} Hindlll= 622 ~
627 nt@} 774 ~ 779 nto]] 2] x|} S1c}.

Pagdux/IAA] A} =& AE AEds 2el P wi-
chocarpa®) Aux/IAA (Potri.0001s17780.1)2} PtAux22.3 (Potri.
003G056900.1)2 32 =2 G A A AFof single copy = Z )| 5}
QI E & Rolo] A3t A A Hindlll 28] & 7}21 279 572 7}
A2l et WhH A sk a A EcoRIY}: Xbal2 P. trichocarpa®)
Au/TAA) AR g1 = k. 0] o] Ait= Pagdux/IAAT
AA7E @AA U] genome 4ol single copy = E A 5f=
A& ofu] gt}
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Fig. 2 Genomic Southern blot analysis of PagAux/IAA1 gene in
the hybrid poplar (Populus alba x P. glandulosa). Genomic
DNAs digested with BamHI (B), EcoRI (EI), HindIIl (H) or
Xbal (X) were fractionated by electrophoresis on a 1.0% agarose
gel and transferred onto a positively charged nylon membrane.
2p_labeled full-length PagAux/IAA1 cDNA hybridized the nylon
membrane

PagAux/IAA1 SRSl =& 5015 L

PagAux/IAAL SR 7} 2] 2.2) sho]3}7] 9]5}o]
AL ), 571, a&ziaammmmgf
2] 5}¢] northern blot 41 -& A A5} Tt} 1 A X} PagAux/IAA]
& Y ol A = QU Th(Fig, 3). Auw/IAA AL s 2] €]
o] 4]0 wpet 2po] & Hol= Aol 7, o+, &3k,
v L off 7] Aol of] A 1 31 %] ) th(Abel et al. 1995; Ainley et al.
1988; Han et al. 2012; Song et al. 2009b, Yamamoto et al. 1992).
£5) w4 §AAE o7 Aol A S B4, Aot 94
al 9l o] & A3} 3+ o] Q) % Th(Fukaki et al. 2002; Leyser et al.
1996; Rogg and Bartel 2001; Tian and Reed 1999; Timpte et al.
1995). &5 AFA| U (Populus tremula L. x Populus tremuloides
Michx.) 8] 7 9-, &4l A 2] 51 2] b2 o & 913t < Slof| A
PitIAA {74 20 h g o] Wbtk e v ¢ o) e wh A of )
2 A WA S AR A, R PlAA RAAES
SAlE A gt o e Yo A Wrdd o] FHE Yl o A< Sl
A g o] oA = tH(Moyle et al. 2002). o] 2|3 A=
Aux/IAA 9 A= o) v = A o] %2 Eol A urd a} 3y it
S AN A A B ASA R WG oAU Be] 2T
PelElo] 98-8 ofmgiet.
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Fig. 3 Tissue-specific expression of PagAux/IAAI. Northern blot
analysis of total RNA extracted from mature leaves (L), stems
(S), roots (R), and flowers (F) of the hybrid poplar. We used
full-length PagAux/IAA1 cDNA as the probe, and ethidium-
bromide stained ribosomal RNA (rRNA) served as a loading
control
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Fig. 4 Expression levels of PagAux/IAA1 in hybrid poplar cells
during the normal growth phase in suspension culture. (A)
Growth kinetics of the hybrid poplar cells during suspension
culture. We analyzed the fresh cellular mass by 28 days. (B)
Northern blot analysis of total RNA extracted from cells at the
indicated times. We used full-length Pag4ux/IA41 cDNA as the
probe, and ethidium-bromide stained ribosomal RNA (rRNA)
served as a loading control. Image J 1.4 software calculated the
expression levels of the PagAux/IAAIl

Z X total RNAE £-2] 3} t}-& northern blot E-4]-& A1 A]
}dqﬁgQHQMﬂHﬁ4H%T4@%%“ﬂ‘%S
23 A A; 2412 LR 9 th(Lee et al. 2007). 7L 2] 12 Fig. 4B
N A PagAux/IAA] AR} = G Ebul of A 32 0] A o) U 2 2 g
2U7h A B =l o 124 o] Fof &= Hd o] skt
el Al 2ol A Pagdu/TAAL -7 A= A 3 2 D 3t A
e g/ o] Eite] o] Rol A= F 7|9 27| thpFA 7
of e o] A Ve TE SAlol o8l 5= H Aux/IAA TH
Zlo] ARF “12] i TIR-AFB&} 5314 & o] FH Aux/IAA
92 O] F-8f 7 Al AR AL W D 7] (endocycle) ol A f-AREE
7] (mitotic cycle) 2 A ZHE| o A3 B & o] o]F 0] X tH(Calderon
Villalobos et al. 2012; Ishida et al. 2010; Parry et al. 2009; Tan et
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Fig. 5 Expression levels of PagAux/[AA1 under various treatment
conditions. (A) PagAux/IAAI expression in response to treatment
with mannitol (250 mM), NaCl (150 mM), and cold temperature
(2°C) for 2 and 10 h. Untreated control cells (Control) incubated
for the same period. (B) PagAux/IAA] gene expression after
exogenous application of plant hormones including ABA (25 M),
GA (20 pM), JA (10 pM), and SA (20 uM) for 0.5 and 5 h

al. 2007; Weijers et al. 2005). JFH, A 32 B & o] A X|5}A U =
SP7F A3 E = by 7)ol = W o] E A gttt o] eF F-A
o A2 gujel of 71T 919 3} B oA hFEES
IAA F7218] Whgd o] A Fl vk A o] EALE| Gl th(van der
Graaff et al. 2006; Zhao et al. 2018). wh2}A] Pagdux/IAA1 |7
A7F A FR O] A Bl 2 s 0 TS
Seg Aoz BuEn.

HIMEN AS|A X2(0| T2 PagAuxIAAT SEIRIS| L8

Pagdux/IAA] - 7AA 7 A %, A W A2 22 By a4 &
EfAof ghgato] WEE =2 &21st7] $15+e] northern
blot =45 A Al th. 71 A 3} Pagdux/IAA] 7 A A= %
g2 A2t 104 7ol A WE o] A Y] YehbA] b2 Wk
A2 A 2] 104 7k A Hhd o] 1.7v Z7}3} 3 th(Fig. SA).
olof §AFeH ATV} A0 o AE A AT el
of| A B 11 %] 1 tH(Song et al. 2009a; Wang et al. 2010). B o] A
AET 22T AEYA Ao 2 fHA IS £
A1} OsIAA63} OsIAA70) TAA, GA W JA0] 9] 3f &3 o] =7}
shlou Axet o AEgA REEE tEA YERT
OslAA6+= 7z A 2ol oJsff o] F713k W Osld47+=
& 2] 2] o o) sl & o] 74 S thH(Song et al. 2009a). 18] 12
ABA A 2]of 9]3]] W& o] 7+A 3t OsIAA4, OsIAA21, OsIAA3]
& Axe @ AEg 2 tEA HAE QT 0514449}
OsIAA212- A% A 2ol o8l W o] F718}aL, OsI4A21-
& A 2ol ofsf rd o] A5}tk 53] OsI44312 %28}
& A 2] BIof| A ¥ o] 4513l th(Song etal. 2009a).
o A HLIL%E ShIAA 7 A o 2 A 2 A 2o ofsf i
o] Z+A3t Tt 1| U SbIAAS, ShIAALL, ShIAA22 X ShIAA23
& A2 A2gt QoA o] FrtekqlaL, Shld426 %

A 2] gt B ] ol A 715t th(Wang et al. 2010). Z12] 3L A]-&
A 2| gt off 7] 4 o o] Biejo| A Al F=7t 571kl GUS=
3 ] % auxin responsive marker AtI4429] QF& o] S 715} H A
W) A AFo] Z 3] = %) th(Shibasaki et al. 2009). wh2}4] Pagdux/
HAAl AR A%, A 2 A2 AEG Aof BEg-8te] oh 2
A 2 AL FAA G Y-S -S| Bl Ao
2 e

NE522 20| T2 PatgAuxlAA] SEIXIC| W

Ao 2 A g0l wE Pagdu/IAA] FAAS] I E 3}
£ ZA}5H7] 935} abscisic acid (ABA), gibberellic acid (GA),
jasmonic acid (JA) ¥ salicylic acid (SA)E ] 2] 3t Sl %A
o A E2] 5t total RNAS AF-8-3} 9] northern blot 412 A
A8t} Pagdux/IAAL 771 9] WE 2> ABAS} SA A g 5
Al Zkof A o Ztof] H] s 0.6l 2} 0.38] ZF2- 3} Gl th(Fig. SB).
HHH Pagdux/IAA] 72k 2] WHa& GA A 2] SA|7Ho) A] of
Ztof Bl 2.54l F7FH AL, JA A 2] 30232 SAI 7ol Al o
Ztol| Blsl| 4.98 €} 3.58) F-7}5} 3l tH(Fig. SB).

A2 AEY A Hhgah= AL G 20t AE
g 2of ¥h-g-3k= - A A= ABA Al S D7 2 of| o5 24
% th(Shinozaki and Yamaguchi-Shinozaki 2000). o] 2} 3+ 3}
o PagAux/IAA]l -7AA ) & AR Ak A xet o &
Eg AT oly 2} ABA A 2] o] s A = HE o] TF4s}q]
th. Duetal. (2013)0] @2 off 7] At o Al A%, A2 2 4
AEg Ao vhgste] Wl 4l W IAZE =24 24 H
ok o7t = dx AE 2o §ESSHe] &4l H=TF 3
2 A2 W g AEY A gkl KA TS
7Vl AATh JA T s A Re; AR AEY Ao ¥h35to] S
7hek Wb G AE Aof §Eg-sho] ZAsqlnh el &
A A e tiA B R AR HE S A2 H AE
g o] oal] AFaF 2 A E A 2 AEH Ao &) oA &
21 THDu et al. 2013). 351 off 7] & ol of] methyl jasmonic acid-S
e st melo] A S Al 24 Bl 9 AT S EAE 2
x| o] S4lo] HA &AL 0] {25 3 th(Sun etal. 2009).
kAl B A EH AEH A Y JA A 2] o T2 Pagdux/IAA]
SAAe] aHa Aol 94 AB S 2ok o] 9L 7
° 2 g

Paghu/IAAI S R4 GA X 2] o] o] wrglo] Z7hat ut
H SA A 2] B ot e P o A T o] A5t
o} GA+= o 717 o o #2] oF WS A U-H(Populus tremula
L. x tremuloides Michx.; clone T89)2] & 4] Zof| 4] PINQ] &
= AFAA &7 Y FAl =5 S 7 2] th(Bjorklund et al.
2007; Willige et al. 2011). BFH SAE= off 7] At of| A Aux/TAA
TS QP SA 7 A 419 A s G =S Wefst
o] AAF-S A 3 SFch(Reitz et al. 2015; Wang et al. 2007). wh2}A]
FARPAI 0] A 3 A% 3 72 510] PagduI4A] G0 7k)
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PagAux/IAA1

Fig. 6 PagAux/IAAI expression induced during cambial cell
division. (A) A transverse section of the differentiation of
cambium in hybrid poplar stems. We observed an increasing
number of cell layers in the cambium (S1-S4). Ph: Phloem, C:
cambium, Xy: xylem. Double yellow arrows indicate cambial
cell layers. (B) Northern blot analysis of total RNA extracted
from the cambium in hybrid poplar stem (S1-S4)
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