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Isolation and Characterization of a Putative SENESCENCE 1 Gene from
Poplar (Populus alba x P. glandulosa)

Joon-Hyeok Kim, Hyoshin Lee*, Young-Im Choi, Eun-Kyung Bae, Seo-Kyung Yoon and Seol Ah Noh
Korea Forest Research Institute, Suwon 441-847, Korea

Abstract - Plant senescence is one of the survival strategies to use limited nutrients efficiently during growth, development
and adaptation. In this study, we isolated a gene (PagSENI) homologous to SENESCENCE 1 from Populus alba x P.
glandulosa. The PagSENI gene encodes a putative protein consisting of 243 amino acids containing a rhodanese domain.
Southern blot analysis suggested that two copies of the PagSEN gene are present in the poplar genome. We characterized
its transcriptional expression under various conditions mimicking senescence and environmental stresses. The PagSENI
was expressed most strongly in mature leaves but most weakly in roots. The gene was significantly up-regulated by
treatments with mannitol, NaCl, ABA and JA, but not by cold, SA and GA3. These results indicate that PagSEN]1 is involved
in senescence response induced by environmental stresses.
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HollA] t=5teb= Th=tKThomas, 2013). A1&9] ARkl A2
AfollA] tedf o] o == geE|7E Sl AlEE Yol 'E|7t o

A7) Zofl A sAk gl 21 5o AR wafste] &
S APRASI S-S Bal AR A9S BRAO of
£oh= AL 7] Qlch(Himelblau and Amasino, 2001;
H rtensteiner and Feller, 2002). E3F A1E-2 A|ZAAA}
(programmed cell death)2h= 583t FE ] 1ed] 252 F3f
sEd|zo] O S A AoRIcHFugiang ef al, 2015;
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Gepstein and Glick, 2013). Ta}A] ledl= L5o] AJAka} vict
= olsfistal 2Esk= glof - Fath ¥pAlolt,

2 e A7 Wl Ao AlEe] kalE =
Aok ARkl ek Tl o] sobslet, AlE A3t Aol
olo] i F Al mARIEQ] ofj7| A (Arabidopsis thaliana (L.)
Heynh) oA SENESCENCE 1 (AtSENI) S-24A7) B8] % %ich
(Oh et al,, 1996), A6SENI 53R = AAAH 02 a7} 213 5
Ql oA A WdstaL, A AEY A I AlEEER
o] ABA (abscisic acid)2} Q9] ]S &0 7| ethylened] A
T-AIQ] ethephon A 2]e] oJ3)| Wa o] F718I ATt ALSENI
A Bl T2l st 22 B tat ol|4e)
A3}o 2 x| A 0 7 g X tH(Schenk et a/, 2005),
Tt ol e} ASENT AN} -2 A e /e 71 Ell(Nicotiana
tabacumL.)] dark inducible gene (NtDIN) G-HAF= ABAQ}
IAA (indole—3-acidic acid) #]2]o] 2]a]|A] o] Z7}3t%l
(Yang et al., 2003), K~(Raphanus sativus L.) 2] RsDINI 5%
A= ethylenet 118 AEE|2 Helo] el o] Z7eloict
(Azumi and Watanabe, 1991), o]t Ail= SENI -F-7ZA}7}
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2RAES o A9t 49 RS A U
S ool wh- 2 B ofuje} A3t S sfolct Hal
E70] Qlof 4] 9] S ofsfish= Zlo] mff- 5-88ltHRohde
and Bhalero, 2007), T2} L9] 29 1] 3ol Lieh
U= 2] A H3KKeskitalo et al, 2005)2} AAH) 9] HIHLee
et al,, 2003)°] gt ¥z HIAE QAN AR} 20] 49
At A9 Bt vf gl AAoleh, wbA] 2 Aol A= 1
R0] 2] T §A 224 olaksp] $I R EAE
AU A PagSENT 7 AFS: w213 TR THRE 27104
o) WSS A,

L o

ERTET

AEAE € 2E 2 A

& o) Al AR R FAH Fopulus alba X F, glandulosa)
SIS} BiORAIREE 1,0 mg/Le] 2, 4—dichlorophenoxyacetic
acid (2,4-D), 0.1 mg/L2] 1-napthaleneacetic acid (NAA),
0.01 mg/L2] 6—benzylaminopurine (6—BAP) “12]1 3% sucrose
7} 715 100 ml2] BH) MS v A (Duchefa, Netherlands) S A}
L3}0] 22 £17C2] okt B2 A(20 pmol m s )of|A] 120 rpm©.
2 e S Lee eral, 2005, 2 A L2
sl Sialo o, 7] W B 1A FER R, 2025
WAl ks Aelc 90 A9 S AL A
3 m olafe] ofelalal 212 10 m oJ4ko 2 Hs] AIE 44
A2 77 AT, 2 Al A T wlok 4]
FHEMJSF Aol mannitol (250 mM), NaCl (150 mM) 2 #]-&
20)& 247 AEjataal, AESE2E2 ABA (20 uM), JA
(jasmonic acid, 10 uM), SA (salicilic acid, 20 uM) % GA;
(gibberellic acid, 20 UM)S 2|5} HE A|5L ZA] oA
Aol o] g7l oh -70Cef| Bsigict,

PagSENT §7379] Selsh 4 BA
QAR AR7} A3 YR Populus trichocarpa Torr, & A,

A GEOA] SENESCENCE 1 9420 Halel EEA 1

Gray ex Hook, 2] DNA €7|A ¥ v} & Phytozome v9,1
2 T (http://www, phytozome, net/)S ©|-85}0] SENI 574
A= ZE3)7| 95t AHBSHE —~0CACCTTTGCCCTCTTCTGATTC
3) @ K5 ~GGTAATGGACGTAATTOCCGTAAAC-3') primer
SAABIATE. FAAUT-C] QloflA] total RNAS 22 (Quiagen
plant RNA extractrion kit, Germany) 3t Th2-, 1 1g9] RNAZ
HE cDNAS $HJ5FthH(PrimeScript RT reagent kit with
gDNA Eraser, Takara, Japan), 3% cDNAZEE] SENI &
AAH] Z22 913 24241 yle] AP B o primer, 11
9] ¢DNA, 12]17 DNA Polymerase (SolGent Pfu—X, SolGent,
Korea) & AME-3199TE PCR 5-EHHS-2 95Cof| A 557113 vt
2171 2, 95C 30%, 60C 30 182 72C 187k9] vk 3}
& 303] wHastaL, 72CollA] 5871 13] ¥H-8SIT), PCR A
&2 1% agarose gel |4 417] 953101 715 E13H S DNA
7B A8k, s 4ol Clustal W 2215
(http://www, genome, jp/tools/clustalw/)= AFE-5}%31L, phylo—
genetic tree=MEGA6,0 =& 713 (http://www, megasoftware,
net/) &% 25Tt

Southern blot ¥4

FAALHE] $lofA] genomic DNAE 22|53 tH(DNeasy
plant mini kit, Qiagen, Germany). 10 £82] DNAE A|sta 4
BamHIT} EeoRI©. 2 V7 kst th2- 1% agarose gel oA A
7193519t} Capillary transfer W3 AM8-5}0] nylon mem —
brane (Hybond—XL, Amercham—Pharmacia Biotech, UK)©]|
o)Al Southern, 1975). Membrane2- 10 ml 2] hybridization
buffer (1X PerfectHYB plus, Sigma, USA)o|| 211 68CojlA 1
AZEEt A RISt AR C] PagSENI AL o PR
A)(Multiprime labeling kit, Amercham, USA)$t Th2- hybridi —
zation buffero]] ‘@11 68°Col|A] 1247} 50t HESAJATH Mem—
brane=r 0,2 X SSC — 0,1% SDS g4 2 2 65Cof|A] 1527} 33]
A3t the X—ray B0 =EAZ,

Real—time qPCR +-4]

Real—time qPCR #-4]0f AR&3} primer+ Primerd Z &1
W (http://fokker, wi, mit edu) &2 A5} PCR FZAF
EO] GRS I3 YR EE S 2 actin FAAE AHSSH
CHKim et al,, 2011), PagSENI 5-7A9] PCR Z%-2 9]5}0]
AHEH(5' ~TTATTGTCGGTTGCCAGCTTGG-3) X oJHlaK(5’
—ACCTATCTCTTTTCTTTAAA-3') primerZ AFE-3F3IC Actin
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F7A-2] PCR 522 $15}0] JW3H5 ~GCCATCTCTCATCGG
AATGGAA-3) ¥ oHIeK(5'~AGGGCAGTGATTTCCTTGCTC
A') primer& A5G

1 ug9 total RNAZHE] cDNAE 5} tH(PrimeScript
RT Reagent Kit with gDNA Eraser, Takara, Japan), PCR &
Zuke-9 215 1 ple] cDNA, 10 1Wl€] PCR Master Mix (2 X
SYBRGreen, BioRad, USA), 1 nl9] ulsF & &JHlSE primer
(10 uM) 12]31 7 nl 9] nuclease—free water= 353t =
g2 A7 U E o] 7H5 3 POR 5-57](CFX96 Touch
Real—Time PCR, BioRad, USA)E AR&-5}0] 95Col|A] 357} 1
3], 95C 15%, 60C 152 12|31 72°C 20%.2] 742 403] 18]
31 72CollA] 10821 18] AAJ3loirh, $41L auko 2 o)
G, 2k A EIA 9] Sk W 27 o] el A
& 3} th(Praffl, 2001),

Zo 9 nw
PagSENI §A79] 2219} S8 24

AL 18004 0] Skl welslo] EalElo] gl
2K Populus alba L, )& B2, S-2uhe 250 YAt
A Populus grandulosa Uyeki) & SHtr2 sto] gHE01%
2% BEolc), BAIR LA £-21] cDNA library
o A A4St EST (expressed sequence tag) w41 1K Lee et
al., 2005)°) X SENI 3A}2] cDNA T©HH-g SR s}er), o]
HHO| DNA A7IAEe F3A BE7E Sds] Wexl P
trichocarpa®) DNA A @1} v aet A} PLSENI G-ARFL} 98%
O] - 32 e e QAT whba] PaSENT §-3712] 5
I} 3'9] BHA Boj(untranslated region)o] A¥sH= PCR
primerS A|2Fet T2 AARALHREE] QloflA] £2]3t total RNA
2XE SENI (PagSEN]) SRS RT-PCR ZZHH 0 & Hya
aF3lrt 22k cDNA 222] DNA 7|4 93 w418t A} 732
bp (base pair) 2] ORF (open reading frame) & 7}A]+= 22
Uehsdth(Fig, 14), E3F, doste)e ol T a2 243719
op|iAO B SAJEH o BARES 27.2 kDa, A
10,292 UePsith, T2 o) B2 oS BA5E A3} PagSENL
hil2LC gulfurtransferase?] Rhodanese domaing: 3t 7} 714
1 QQIthFig, 14). Sulfurtransferase+thiosulfate®} cyanide
9] 3}5kA] Hk-2-2 Zu3lo] sulfite?} thiocyanateS AJAISH=
Ao 2 d#A] IHCipollone, 2008).

A F7HA] Ledzl SENL th Aato] AHeAd-S v|wst At

PagSEN1 THH 20 oAt 2220\ A P trichocarpa®] PtSENL
T 97%2) 7V 8 A B s de vrehl gl en, siubRK Ricinus
communis .,) 2] SEN1Z:= 67%2] A 5418 B3t 3HH, 4]
o} A%t 7)50] Hars off 714t o] AtSENL, EHi2] NeDIN L
2|31 5] RsDINI YhM AT = 712} 52%, 57% 12] 11 49%2] A
&/ UERSIT], AlEollA] Hate SENT thill 2 o] f-A v
A A3 A T ARG 0= SRR QAL ARG ThA 2
2} E2 O & FREQT) B Ao E2jgh PagSENIS %
Aol BETZ|A P trichocarpa®] PtSENIT} 7173 28 &
HTAE Ul ickFig, 1B).

Southern blot ¥4

PagSENI §7037} @AM LFRS] 2 copy7t ZAfs=A] oF
oi7] 918l Southern blot 41& AAEHTE AAALF-O]
ofJA] H2] gt genomic DNAE A|StE A BamHIT} EcoRIO 2
28] Aokt tha A72) PagSENI cDNAOY A g3t probe
2 hybridizationS AAJSITE 1 23} BamHIC 2 Hthst
genomic DNAY A= 27]19] band7} YERS HHHO|| EeoRIC. =
Agt genomic DNAGA|= 470€] band7} UFEFETHFig, 2).
PagSEN19] cDNA @74 Folli= AZta s BamHIS] HTH-2]
7F AR =t SEAIRE EeoRl ATH-R-91= 297~ 302817
o} 386301817} A719] 911 T Ahe] ek o)} EApic
w}2}A] Southern blot E-410f| A Ut hybridized band2] 4=
OF Algtas ATROE efshH AARUTO] FAA o=
PagSENI 17217} 2 copy A= EAoh= A o2 A2, g
H Oh et al, (1996)9] ELaLo]| oJ5HH off 713 tholl= SENI 174
A7F 1 copyZt EASH= Aoz UERRITE AARAUEo A
SENI 52217} o 7173l Ho} e 22 of 71 o] F-4A4] 2
7]7} ©F 125 Mbo| L, -#22] 4=7} 2F 25 0007} (AGL, 2000)¢1
A0 v, EEe % Rolbgold dolut Gule] B
A4 duplication®]] 28l -F-44|9] =717} 2F 500 Mbo]| ©]

L AR} oF 45 0007 (Tuskan et al., 2006)7} EA5}=
= W Atz A7 o] 23k Algli= Lee et al. (2013)
| AAYUTS} P trichocarpa®] HD-ZIP 111 1 57427} off
7173l BIsiA] At o s Wk Bt Avk FUgh An
e,

Ir

PO U1

o

A
1
=

sl

(<]

PagSENI A8 27 So]d %4
SENI§7A7F o7l = 12t gl Sl kil
4o} 215 B A7} ol ol xR Azumi and Watanabe,
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A GEOA] SENESCENCE 1 9420 Halel EEA 1

ATGTTTGTTGGATCACGATACCATCACATCAATACGTGGCAGCCATGCTTCTCTTCCTCA

I' N T WQPCFSSS

TCTCTCGAAGCCACAAATATTATTAATAACCATGTAAATAACCTCCATAGCCAGAAGCCA

NHVNNLUHSAQKP

TACATACAAAGCAGACTCTTAAAAAGGACT ATCAAGCGCAGGAAACAGTATAATACAGAG

T 1 KRARRKQYNTE

CGGAAAAAAATGGCAGCAAAGGCTGT TGTTTGCTATGGTAGCTCAACTTCTAGCACCACG

vVCeyYyagssTSSTT

CTTCGTCCAGTTCTTTGTCCTCAACAGCTTAACAAGAGGAGGGGGGT TTTTGCAGTGAAT

LNKHARRBRGVYFAVN

TCTCGGAGAAGT AGCATCAATATCAATCACAAAAGT TTGAGCT TTCGCCCAAAGACGTCT

HKSLSFRBRPKTS

CTGAGATGGAAT TTGGAGGCTACTGGAATTCCAACT TCAGT TCCAGTAAGAGTGGCGCAT

I PTSVPVAREVAH

GAGCTTCATCAAGCTGGACACAGATATCTGGACGTCAGGACTCCTGATGAGT TTAGTGCT

E L HQAGHTGRY

L DVRTPDETF S A

GGACATGCCGCAGGAGCAATTAACATTCCTTATATGTACAGAGT TGGATCAGGAATGACC

(GHAAGATNI

PYMYRVGS GMT)

541 AAGAACCCCAAATTTGTGGAGGAAGTATTGTCACATTTCAGAAAACATGATGAAATTATT

(K NPKFVEEV

L SHFRKHDET 1]

GTCGGT TGCCAGCT TGGGAAAAGGT CTATGATGGCTGCAACTGATCTTTTAGCTGCTGGT

(VeGCQLGBGKRS

M MAATODLTLAA G

TTTACTGCAGTGACTGACATTGCTGGTGGATTTGCTGCCTGGACACAGAATGGACTTCCA

(F T AVTDIAGGFAAMWTA QNGLPJ
721 ACAGATAATTAA
-
B
100~ P.alba x gladulosa
23 L Populus trichocarpa

18 Citrus clementina -

573 0 d)

49 Ricinus communis =1
Theobroma cacao B
86 &

37 Prunus persica
47 Medicago truncatula
4‘][][]: G]ycjne max ‘\'/‘
Nicotiana tabacum
Arabidopsis thaliana
Oryza sativa -
99 Zea mays &
—
0.05

Fig. 1. (A) Nucleotide and amino acid sequences of the PagSENI. The box indicates a rhodanese domain. (B) Phylogenetic tree of
various SENI homologs. (@ monocot, (0 dicot, (©) herbaceous and (@) woody plant except Ricinus communis. The accession
numbers of the proteins are Populus trichocarpa (XP_006383026.1); Ricinus communis (XP_002530729.1); Citrus clementina
(XP_006425337.1); Theobroma cacao (CM001879.1); Prunus persica (EMJ03837.1); Medicago truncatula (XP_003612270.1);
Glycine max (NP_001235646.1); Nicotiana tabacum (AAZ23261.1); Oryza sativa (BAD61695.1); Zea mays (ACG42699.1);

Arabidopsis thaliana (AAM61743.1).

1991; Oh et al., 1996; Yang et al., 2003), OFR7kA] SENI G-
Ahe] A% 2ol uhe WP s v girk, webd 3
Aol A= FAAIURS B, £7], o Qlat Ad<sel el a
ROl PagSENI §A42) 2% B0112) Wl ol g 2k}
ot} zkzke] %2 0 2HE total RNAE H-2]8}] real—time

0]

qPCRZ 47t 23 PagSENI 7334k SlollA 7H8 =7 2
S AR vehgon], iz o R AdeeloM o 57 et
WChFig. 3). &, el M A= PagSENI fr7Ae] W
TS 7IE0R sto vludh At of ot Asdlof A

o] 217} sovle} 629 7P w9y, 3 B7]olA s wejel
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Fig. 2. Southern blot analysis of PagSEN! gene in Populus
alba % P. glandulosa. Genomic DNA digested with BamHI (B)
or EcoRI (EI) was fractionated by electrophoresis in 1.0%
agarose gel. The gel was blotted onto nylon membrane, and
hybridized with a-°P labeled full-length PagSENI cDNA.
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Relative expression rate (fold)
0o -~
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T
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=

T T T
Young leaf Mature leaf Flower

Fig. 3. Tissue specific expression of PagSEN]. Error bars show
the standard deviation of expression level.

ulms}o] 51 o) fegkon], oAl 2,50 oA 7] vt
o}, ThE 2] met gloflA] o] 7] Liett AS 270}
), 2 Brh QoA wgo] k2 4] 3go] Foist Uit
7] w o]t AjZhEIct, o1 Aue] 4-9o] % Mo} 14 T
QlollA] SENT §74h0) A7} ks Sdofit tea] o] Aoy
Hoky BUEATHO et al, 1996), SENI 7AARe] AW vt
o] elol A 74 w7 12 QollA] 74 7 Lehbz o
Sz meli AEo) AR Hrk 7] Frule] Solrba we)
w12 elnps}] wlEo] Ao R Aol Beiel g 2
W] apgos Fge

—

bW

500

400 —

300 I I
10

30 —
20 H

Relative expression rate (fold)

,_.
S)
|

o

—
T

0 2 2 10 ()

Mannitol NaCl Cold

T
2

Con

Fig. 4. PagSENI expression in response to treatment with
mannitol (250 mM), NaCl (150 mM) and cold (2°C) for 2 and
10 h. PagSENI expression level represented as relative values
when compared to that of untreated control (Con).

87 2295 Y ABSEE Hejo] ©hE PagSEN 47
2

B HEAL e dop 22 B S AA gl A8 AR
BICHGepstein and Gllick, 2013). =2 =L 2 A 23lH A&
Alzzol A% AE# A s F6k= mannitol (250 mM)2t
(150 mM NaCl) 18] 3 A-2(2C) 7 -2 374 AEd Ao of
3t PagSENI 574412 HF-8-8- ool 7] 9|3} real—time qPCR
A2 AAISHAT. T A3} PagSENL -3 Ak= mannitol 2 ¢
A 247 S5 W o] F7kslr] Aldtsteq, A1 10A17F %
ofl= Z|th 3004 o}/ HEo] F7ehe A 2= UEkt, 18
U PagSENI A7) W2 A2 A 2]ofl= §R-skA] ghoket
(Fig. 4). Mannitol, ¢ 12|31 A2 AEA| o] AHF AEE
A5 Rtk 3581 7H AL Q)tk(Xiong and Zhu, 2002;
Agarwal and Jha, 2010), & Ao\ A e PagSENI S-AA7}
mannitol 2} ¢ AE | A0] = Wh3SHA Tk A2 A 2] o= wh-3-5f
A e Ao® Uehth, e 7haat 4 B8 20 jEgS}
o] ABAS 73t B 2ot ABAS 7oA b =2 271419
ATHGH 2E B9l 2B 2 kS AR Uee 2dehe
Aoz A& Q)rtk(Shinozaki and Yamaguchi—Shinozaki,
2000), L} AL AEHAY] 9ol ABAS A5 O
NSRS 7 Foto] A5 ALttt webh] PagSEN
FAALS] WA o] mannitol 7} ¢ AE g 2ol= WESSEA|RE A

AH2lolle R84 ¢he AL o] falAke] W] ABAE 7t

mN
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A GEOA] SENESCENCE 1 9420 Halel EEA 1

Relative expression rate (fold)

0.5 10 0.5

0.5 10 0.5 10 ()

10

Con
ABA

SA GA,

Fig. 5. PagSENI expression in response to treatment with plant growth regulators including ABA (20 #M), JA (10 uM), SA (20 uM)
and GA; (20 uM) for 0.5 and 10 h. PagSENI expression level represented as relative values when compared to that of untreated

control (Con).
A =} WAL Qs UEhlle AR FgHH
AEmeed AEe A deie 2dske M S
8 A B shifoltt, &, FAte| ool Mg Awgt 4
Bo| thA] 2218 YIS T 27|71 2] A 9] BE A% 1 Higky
Ao 55 2 Ro] Hojgitt waba] FAAUELY] HlokA]
of| AJ2|&] =2 ABA, SA, JA T18]1 GA3S ZH7F )3t ok
PagSENI SR B o m) x| o3RS 2ANSIGT) 1 Aat

PagSENI 7IAh= ABASEJA 22| 1047} Fof '&do] 3 5uljet
2.4 o) T7Feke A o= YedtH(Fig. 5). ABAE 4=
7 ey Aol PR miA|H, g AEE A vkt
EajIole FaFe nAE AR AA Urh(Buchanan—
Wollaston et al,, 2005; van der Graaff et al,, 2006; Jukanti
et al,, 2008), T JAE A= AT AEH A UG 4] 5
o) ofsh= Ao 2 U#fA It Ueda and Kato, 1980; Kramell
et al,, 1995),
ool Auts FohH BARAILTOIA 27t PagSENI
AR A= ARdA ﬁﬂﬂoﬂ Hofgt i ohufe} 7150
U AE A0 2 Al ofs) {4
 Hlojelie 2105 HeHEIE), el S 3 He
D45 04 B ARl ofs) Bateow 2
ATl B 12 g}a g m *‘“Ol g

ARG L2 E WS o, I AP B EA]of|A 9
S

8 A A2 Ao} BRI SENESCENGE 1 (SENS
QA BAAILESOA] Reloha, ole] 74 2 Ao
S BB AL SENT A PagSND
2437119] o AkO & o]0y A Qa1 3t 7)) rhodanese domain
< 7} a1 9Jt}, Southern blot 41 A3} PagSENI SR =
BRI 2 copy HE7F A 202 Uk}, %
4 So|) MHPIS AT 2 PagSINT SR 45

oM 7P A WEskaL, Bejoi] 71 WA Edsh= 2ow
LRt E3F mannitol? ¢ AE |2 A 2]o o]} 300 ©]
A relo] F7keh ol Ak el Aol W elA ek
AE 2 Aol A= ABAS} JA A 2] 1047t 5o 'eHo] 8.5
e} 2, 4uf) o/ S7Fek= A o= YEllT), webk] PagSENI
S 29} o Aol MESEI, A8 417 b
T B op et AEY|Aef 2R o7 HSlof| Ofsf] = e
2ol Tojshz A0 etEr,
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