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Abstract The eukaryotic translation initiation factor 5A (elF5A) is the only cellular protein that contains the
unique polyamine-derived amino acid, hypusine. Genetic and pharmacological evidences suggest that elF5A is
essential for cell survival and proliferation. However, the precise function of elF5A is still unclear. In the pres-
ent study, We isolated the full length ProelFF5A4 (GenBank Accession number: HQ529482) CDS from white
poplar based on bio-information analysis. Sequence analysis showed that the sequence of ProelF5A4 shared
99% identity with the sequence of Populus trichocarpa. The completed ORF of PioelF5A4 was 483 bp and en-
coding 160 amino acid residues with a calculated molecular mass of 17.5 kD and a pl of 5.76. Real-time PCR
results showed that Pioel F5A4 expressed in various organs in poplar, especially in the stem. The expression of
ProelF5A4 increased with growth time until one year. The expression of PioelF544 in 1 year P. tomentosa tree
stem secondary xylem was 4 times than that of in 1 month. These results demonstrate that PtoelF5A4 may
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play an important role in growth and development of trees secondary growth.
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Ji§ it 28 R A& A el FHA 1 1% J5 22 R A1 I J Y 7E
5 2 1 2 R Bk R i T4 1 1 Bk (Park et all.,
2010). A 5T ], FRIE L EL X el FBA AW 20k
P & b 450 /) (Park et al., 2010; Lee et al., 2011).
elF5A S VI # AN A E B A T R dh i S AR
1M i 44 9 H % 40 M 8 & #2 46 5 7 (Benne and
Hershey, 1978), {H it (I} 78 4 e FSA 76 2 19 4E
i3 FE A & 4% %5 2 {E A (Zanelli and Valentini,
2007; Gregio et al., 2009; Saini et al., 2009; Li et al.,
2010; Dias et al., 2012). KT elF5A i U A4 % 1)
REHI FEAERE Y i, Ham R WIHE . A I
U, 5K E Lt A 55 (Chou et al.,
2004; Wang et al., 2012). 7EMH % b, $l] elF5A Al
FLRIVE S B OB L K DHS 3R 0A, AT JE G i v (1)
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(Wang et al., 2012).
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Populus tomentosa, Proel F5A4, Secondary development

A, I 5 N B A7 I AH G KR R (Ma et al., 2010)
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PtoelF5A4 . i3t — 5 [f13¢ 1k 43 1 3% B PtoelF5A4 1t
Wb R A AR R SR A
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1.1 EA15 Ptoel F5A4 EE =& K F 54947

PLE A %0 T AL cDNA AR AR , 248 3'RACE
HUPCR Y1, 1% i i 5% I F WA WU Y2 7S = 43731
£ 800 bp A1500 bp 4b Hi Bl — 2645 57 19 2647 (B 1),
5 1EA R H bR o KA — 8. WP 4R BoR
Ptoel F5A4 £ R 9 [X 4> 483 bp, 3'umAEHH B X A
2 LB ST J5 286 bp, gAY 160 A2 AL IR, T
i E A T EZ 8175 kD, %5 5 8 5.76( &
2). DNAMAN #7345 R 2O 5 ProelF5A4 [F)E
R PirelF5A4 %S X 5 HIIAH L, FERZ R 7K1 EAH
ABATH 2 99%, 25 17K F _EAR{BAM: 9 98.75%

N 7t Ptoel FEA4 55 HoAt P Fd e IFSA ) [R] 8 14
K5, WNCBI st b 3R ECFH A A Fh 28 1~ elF5A 2
B 51, 47 9 N+ H 2 ReelF5AL(EF177192),
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TaelF5A2(JQ040803), TaelF5A3(JQ040804),
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Figure 1 Cloning of PtoelFF5A4 gene

A. WP ProelF5A4 £ 1A 30 A X 9744 . M: DNA mark-
er: 1: 3RACE 4 1 ProelF5A4 3£ K 3w LB E X . B
ProelF5A4 ¥ [N )3 4% . M: DNA marker; 1, 2: PCR ¥
Proel F5A4 5K 4ty X

A. Amplification of 3' terminal of PioelF5A4 gene. M: DNA
marker; 1: Amplification of 3' terminal of PioelF5A4 gene by
3' RACE. B. Cloning of PtoelF5A4 gene. M: DNA marker; 1,
2: Amplification of the coding region of PioelF5A4 gene by
PCR
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1 ATGTCGGACGAGGAGCACCACTTTGAATCAAAGGCTGATGCAGGAGCCTCCAAGACTTACCCTCAGCAAGCTGGT
1 M S D EEHHFESKADAGASI KTY P Q Q A G

76 ACTATCCGCAAGAATGGCTATATAGTCATCAAGAACCGTCCTTGCAAGGTTGTTGAGGTTTCCACCTCAAAGACA
26 T 1 R KNGY I VI1IKNIRZPZCIKVV EV STSKT

151 GGCAAGCATGGACATGCTAAGTGCCACTTTGTGGGGATTGATATATTTAATGGGAAAAAGCTAGAAGATATTGTT
51 G K HGHAKT CH FVGI1 D1 FNGIKIKILETDTIV

226 CCTTCATCTCACAACTGTGATGTTCCCCATGTTAATCGTACTGATTATCAGCTGATTGATATCTCTGAAGATGGC
76 PSS HNTCDVPHVNRTHDY QL I D1 S E DG

301 TTTGTGAGTCTTTTGACTGAAAATGGAAATACCAAGGATGATCTGAGGCTTCCCACCGATGATAATCTGCTTACT
101 F Vv SLLTENSGNTIKUDU D LW RL®PTUDUDNTLLT

376 CCGATTAAAGATGGGTTTGGTGAAGGAAAGGACCTTGTGGTGACTGTCATGTCTGCCATGGGAGAGGGGCAGATC
126 P 1 KD GFGEGIKDULVVTVMSAMGTEGQI

451 TGTGCCCTTAAGGACATTGGTCCAAAAAATTGAATATGATGCTATAGCAGCAGCTATAGCTGATGGCAAAGCGAG
151 Cc AL KD1I1I GP KN *

526 TTTTATGTTGCTAACAAGTATTTTTATCCACTATGCATGTGTACAACAAACTTATAAGACAGTATTTTAGATATG
601 TCATTAAAACTCGCAAGGCATGTCATGGGGGTGGAAGAGGACACAGGAGATGCTTATTCCCTGATGAAGGGAACT
676 AGTGTTTTCAGCAGGATGGAATTTATATATATTTCTACTTCACATTTGTCTGAGCTACTTAAAAATAAATAAAGG

751 TTTGTGCTCAACCCTTTTC
&2 EEB# Ptoel F5A4 B E 7 51 R AN SEERF 5

Figure 2 The nucleotide acid sequence and amino acid sequence for PtoelF5A4 gene
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B 18] WA R 5 715) , K0 ProelF5A4 3R 1K57KF
1ET A3 5 1 h, PloelF5A4 25 190 N, f£3 h
BB ARAR » 29 09 AR A R I 1 50%, B 5 SCH B B
FHi&#A, 18 12 h AT E , 208K AL HL ) 70% (&
4A); 2 ABALLEE 1 h 5, Proel F5A4 RIE BWEH T
B, a3 5 R A BERAL, 75 3 h BRI, 20
& kb HE [ 46% (1K 4B); 4 NaCl 4 # 1 h )5,
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IRALHE IS 1 h, ProelF5A4 33k & H B0 T, B8
Je LR B, 7E 24 hik B E , 205 IR
1415 4D). bkZ5 5, B Proel F5A4 HIZRIE
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AR FEE SR IEE/IN iy X DA 2% 35 TR 2 75 1 97 38
Eifia .
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LM BN Populus deltoids PdelF5A1(FI032302)
EH# Populus tomentosa Ptoel F5A1(HQ529479)
FEINEW Populus deltoids PdelF5A3(FI032304)
EH# Populus tomentosa Ptoel F5A3(HQ529481)
FIMEN Populus deltoids PdelFSA2(FJ032303)

E A4 Populus tomentosa Ptoel F5A2(HQ529480)
KN Populus deltoids PdelF5A4(FI032305)

E ¥ Populus tomentosa PtoelF5A4(HQ529482)

JKF& Oryza sativa OselF5AL(AF094773)

K Zea mays ZmelFSA(NM_001112080)
HZ& Rosa chinensis RcelF5A2(DQ345329)

JKFE Oryza sativa OselF5A2(AJ312906)

) M Tamarix androssowii TaelF5A2(JQ040803)
[y - FEMI Tamarix androssowii TaelF5A4(JQ040805)

3 PN Tamarix androssowii TaelF5AL(AY587771)
! _|gg P Tamarix androssowii TaelF5A3§JQ040804)

b J-| 7% Rosa chinensis RcelFSA(EF177192)

77

_%r i Solanum lycopersicum SleIF5A2(AF296084)
ko L Olanum tuberosum StelFSA3(AB004824)

~

_E%?JE Solanum lycopersicum SlelF5A3(AF296085)
93 Y E Olanum tuberosum StelF5A4(AB004825)

o] 99 E%}Tﬁ Solanum lycopersicum SlelF5A1(AF296083)
L% Olanum tuberosum StelFSA5(AB004826)

| Z it Solanum lycopersicum SleIF5A4(AF296086)
96 | i L% Olanum tuberosum StelFSA1(AB004827)
96 N LY 2 Olanum tuberosum StelF5A2(AB004823)

HAEETF Arabidopsis thaliana AtelFSAL(NM_101261)

99 FUIIT Arabidopsis thaliana AtelF5SA3(NM_105608)

HUFEIF Arabidopsis thaliana AtelFSA2(NM_102425)

0.01

B 3 BT elF5As R &I E A R 7 FIHE R Rt LR

Figure 3 Phylogenetic tree based on the eukaryotic translation initiation factor SA proteins coded by elF5As
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VL PR B Hh TR =0y 2 — AR 2K, RV RNA, &
S 55 cDNA Ji7 , Real-time PCR & AS [/ A K I 3
Proel F5A4 IR IE KT . S5 R R, B % £ K]
IZEK , ProelF5A4 )3k EZ M H T, 7E 3 AT 44>
HIRIXEL NI HEAHYIE 215, 7£ 12 7
2440 AHEB M, Proel F5SA4 IRk & TR,
ZINIANHEBEAMYW 465 6). HT WX

MR B HEKBEE SRR EA KA K, R
AHFIT 8 B HEM Proel F5A4 7] BEAE MR (1 A4 4 K
R E AR .

2 1Tig

elF5A TE H. B J 2 AE Y 7k P9 85 8 A7 7, 1= B AR
SF o BPF 5T B L AT R E A 5 43 B 1 R
BEMLEAS [F APy Hp 5 — e R B B AR ) S IR
YRS, W N A AR I TE B0 R A7) 400 B 3
Y3 2 FIBE T A A B AR B 5 iy a3
% %% (Feng et al., 2007; Dias et al., 2008; Kaiser et
al., 2012). LA B FE4RE AR 4m B RV 1 3 #r
W, AN [FIAE Y B el FBA S5 I R R & A TR,
R I 34, AKAE 34, L A 44, BRMA 4
AN BhAN, BRZES A, AR T, A
[ () el FSA AN AH ] o AR 5855 iR N (R 900 R T
95, Atel F5A1 FEAEZZ AL T RIL, Z 5K
AR ST BB BT B Atel FSAL i 3635 1 4 i PR UL g 77
K S5 BB 3 K (Liu et al., 2008); Atel F5A2 = BLAE 3241
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Figure 4 Quantitative Real-time PCR analysis of ProelF5A4 gene expression in different stresses
A: T BB T ProelF5A4 £ K {1252 ; B: 200 pmol/L V& BR kB T ProelF5A4 55 K 1) %35 ; C: 300 mmol/L S AL A E T
Proel F5A4 FE K [ 35 ; D: IR A R Proel F5A4 3£ (R 32 3k WS FE - ProActin9; n=3, * : 2 1 5835 (P<<0.05), **: #¢ i

HHEFEF(P<0.01)

A: PtoelF5A4 gene expression under dehydration; B: PtoelF5A4 gene expression under 200 umol/L ABA,; C: PtoelF5A4 gene
expression under 300 mmol/L NaCl; D: PioelF5A4 gene expression under 4°C; the Pioactin9 was used as an internal reference.

All assays were repeated three times, and all values were means of three replicates. Asterisk (¥) indicates a difference at P << 0.05

level, Asterisks (**) each column indicate a significant difference at P << 0.01 level
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Figure 5 Quantitative Real- time PCR analysis of
PtoelF5A4 gene expression in various organs

WS ProActin9; n=3; * F/n 7 FPE .2 (P<0.05)

The Ptoactin9 was used as an internal reference. All assays
were repeated three times, and all values were means of three

replicates, Asterisk (*) indicates a difference at P<<0.05 level

WA A5 () 2H 23 13 7K1 0 38 3 52 M 4 i 43 2
A K5 0 T A Y R K K (Feng et al.,
2007); 1 Atel F5SA3 =5 BLTE 40 i 73 2445 BR 1) b1 R
FIE, Atel F5A3 1 B 30k (1) e T UL G I, w142
NFEAE N, B AR, NI T e S S A K
5% & (Maetal., 2010). H T elF5A 5% % 7 7E [7]—
Wl BRI 25 00 SR I F ol o o 5 DR, )R 1
1 T AT g A $H A [R) B R ABL T e 1Y) el FBA B 7E A
[ w1 TR 5 DT AR e e aok 7 B 199 ) 5 1
M RN AS [F] eIFSA F% I8 (1 A= W) 4 Th Rk . Rk ks
S BT T B TR IX B AN [ el FEA Th A % R 2k
R HEBERR,

AW I T W Proel F5A4 (1 2H 23 26 1k 45 e 43
MR, FLAEAR 25 b rh 8 3RIK, 7R X R IA K
Fi e EANFAATE T, ProelF5A4 103215 7K
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Figure 6 Quantitative Real- time PCR analysis of
PtoelF5A4 gene expression in the stem of different growth
stages

LINHEMREAMIT 2 2: 2 N H B E O£ 3:
SMARKEOMYE L 4: 4N A RBHYIE 2£,:5: 12
MHHAEEYZE:6: 24N A HIEE A WSHE: Pro-
Actin9; n=3; ** LI~ 72 5 1 .35 (P<<0.05)

1: One month stem of pot P. tomentosa seedling; 2: Two
months stem of pot P. tomentosa seedling; 3: Three months
stem of pot P. tomentosa seedling; 4: Four months stem of pot
P. tomentosa seedling; 5: Twelve months stem secondary xy-
lem of field P. tomentosa tree; 6: Twenty four months stem sec-
ondary xylem of field P. tomentosa tree; the Pioactin9 was
used as an internal reference. All assays were repeated three
times, and all values are means of three replicates. Asterisk

(**) indicates a difference at P<<0.05 level

RIS B AR A H, (H AR R A
BN o Wang %5 (2012) 75 BF FE AR Tael FSAT X )
3P S I R L A o ABA . R £ A EE 4 J Ak FE
i, TaelF5AT 315 & 78 A0 5 76 5 fi5 LA I (Wang
et al., 2012), [A bk HE Wl ProelF5A4 7] B K 2 5
ABA . NaCl. 5 A I 18 1) 5. BRI, AR
T ) 25 J e DL DN 2 DR A R S
IVBUEAISEIR

EMRE BB T RAEM R EAKS
KRB » AT G T2 W Proel F5A4 15 257 () 3Rk
K f v, LR KT B B[] (1) 788 £ 328 7 v
A K124 H I Z5 R K J5ES H Proel F5A4 1)
RIENCF R LA K445, HAE 1240 H 5%tk
R 0k K TR e o MR 1% 45 5 m] 020 el
PtoelF5A4 1] REAE MR A AR K ot SC R FH o

3B ETE

3148

SIS M OBL ) K B B (Populus tomentosa
Carr. cv BJHROL)H H i = A KI5 1.2.3.4 F16
A4 H RS B IE B AR TR Dy 12
244 H B o

3.2 5

fE P & RNA 42 B 77 608 A Tiangen 2 7 ;
cDNA [ #% 5% 305 & 4 B 35 [# Invitrogen 2 & ;
Phusion & fi ¥ DNA % & i &) 5 3¢ [ Thermo 2
7] ; pPGEM-T Easy % /4 1 DNA [ ik 71 & 1 1 %
Promega /A & ; 3RACE 71| £l SYB Green | %
e B PCRIAGIEIE H H A Takara A F]

3.3 EB 1.5 RNA 12BN cDNA 9 & K

BB 24 H ZARE A9 AR  ZE A
FONRRE, 4% [ Tiangen B4 5 RNA S BU ) & Y
FAEZORSEHUE RNA, HLPKAT I RNA SE R, SRS
it Invitrogen 24 &) 1 e e skt 71) & & B cDNA

3.4 Proel F5A4 EF R =%

{4 Fi] Takara 2> @) 3RACE ik 7] & 1/ 1T 3RACE
I 1 ProelF5A4 1 3'UTR 541« K [R5 5 e (1) 5
W, @ A ERGIT G R 53k
PrrelF5A4 JE R (1) 7 51, M4 0 410 43 A 5'F0 3'%ify
R X 514, L2 AN H B 40T & cDNA R
B ST ProelFSA4 FEIR, S LUAMU S 134 T4 18 -
F:5-TGTCCTCTTCTGTCTCGAG-3';
R: 5-TCCATGACATGCCTTGCG-3").
PCR ¥ 1 {& #1 4 20 uL: 5 x Phusion HF Buffer
(Mg?*) 4.0 uL, 2.5 mmol/L dNTPs 1.6 pL, 2 U/uL
Phusion DNA %4 0.1 uL, 10 umol/L L. R %5l
)% 1.0 uL, DNA £ 4 2.0 uL, ddH,0 10.3 pL.
PCR¥™ 14 %1+ }v: 98°C i #E1: 30 5,98°C 4814 10 s,
55°CiE K 30's, 72°C #E{#1 50 s, 72°C & 4L {1 10 min,
30 MIEHN; 55— 5 PCR &5 3 5 , % PCR 7= ) ¥4 1
DNA [E Wi 7r & 2l A =l Uie, SR 5 LAAAG I DNA
Btk , 8 H oA M 3 ¥ (R 5-
CGAGAGAGAACCGAACCAAC- 3; R: 5-
GTTGTACACAACGCATAGTGG-3") #4175 — %
PCR, PCR ¥ 1 {& £ 4y 20 uL: 5xPhusion HF Buffer
(Mg®*) 4.0 pL, 2.5 mmol/L dNTPs 1.6 pL, 2 U/uL
Phusion DNA %4 0.1 pL, 0.1 pL, 10 umol/L F..
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NUF 5 P4 1.0 ub, DNA B4R 2.0 pL, ddH,0 12.3
ul. PCRY 1441+ A 98°C FiAs M 30 s, 98°C Ax 11
10s ,57°CiE-k 30, 72°C4#E{# 50 s, 72°C AL ZEAH 10
min, 30 MEH . 1% i B Bk e FEL EAS DU, 4k 2
BEyete,, SAMNEE I AR M ER IR AT . e Bt O B
BERER T 80k b, WPt B R A B AR A F
FE B o

3.5E A1 Poel F5A4 I EMIE BE S

I NCBI % 4i5 %2 o (15 blast %k £F 3k 47 7 %) L
it o F ProtParam A2 7 LI 2R 1415 1) 43 1 S A S
. I DNAMAN A ClustalW %4 3 47 [7) 5 5 471
EEXE, SR I MEGAQ.0 B A4 11 45 422 7% (Neighbor-
joining) ¥4 £ 34t B, J i Bootstrap 1F B 15 i, Ik
#°51000 7

3.6 LB E 2 PCR &N Proel F5A4 7B 4b 18
TRIEFRME

B 6 AN H B = 2 # B B4 o il AT
ABA (200 pmol/L). NaCl (300 mmol/L). i (4°C)
A1~ 5 47 (Chen et al., 2009), £ 4N 4b 7 3 Yk &2
HARREUS Bk, 23 94 0.1.3.6.12 F1 24 h Bl 24
FrREURNA. IEHE B ProActin9 ZE Rl N 2
RN, 3L RY PrAciin9 3 1) F 5, F)
Primer3 it Proel F5A4 (3'5ii AE &1 [X) F1 ProActin9
BRI e 51
PioActin9F: 5-TTGCTGACCGTATGAGCAAG-3';
ProActin9R:5'- AATCCACATCTGCTGGAAGG-3',

PrtoelF5A4F : 5-TGTCATGGGGGTGGAAGAGGACACAG-3';
PioelF5A4R: 5-AAGTAGCTCAGACAAATGTGAAG-3',

DA A R A0 3B A I 1 1) cDNA AR , 14 FH
ABI A 7] StepOnePlus™ s ] ¢ ¥ % & PCR A3t 4T
SN E B RS A RS AL B Y  3ANE A,
SR ¢ E 5 PCR &SR & 9 20 pl: RT 724 1.0
uL, 2xPremix 10 uL, 10 umol/L . R 5141 % 0.4
uL, Rox 0.4 uL,ddH,0 7.8 L. J7i%:Z @ Takara &
] 98 B R G U B A, OB SRR R - 95°C T
A5 1 30 53 95°C A5 14 5 s, 60°C 3B K FEfH 1 min, 40
TEIR, AR AE A S SLAF 2 1) Co A, R 27 k0 2
VR Proel F5SA4 RN 15 & o

3.7 LB E E PCR G Proel F5A4 A LR R 1L 5
SESH

WA 6 4 H RS FARTE A2 4R |

ZE (R ZE T FORE Bz 1, 581 B A A I ) RS A I
R EE, 2 542 B RNA, £ Jz # 5 cDNA J5 »
Real-time PCR # | Proel F5A4 1E & A7 B % AN 4
A P FRIANE L, BT V(R 3.6(Hid A BE) o

3.8 LR BT B PCR QM Proel F5A4 AR &K By
BRIESRED

B 1.2, 3 F1 44 H &%k B 8 &) i ) A 12 A
244~ F 1 H T8) B A7 R4 RE, 23 Sl B 2R 5 Mt 1
=2 R, o 12 f 24 A H I ZE B 5
R 3.7, 73 B RNA, £ ) 5% cDNA 5 , Real-
time PCR 23T Proel F5A4 1 AN[A] . B I 125 R i 2
IEAE DL .
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