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Fig.1 Schematic diagram of sampling Populus leaves
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Fig.2 Venn diagrams of differentially expressed proteins
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Fig.3 Differential expression proteins clustering

analysis in Populus leaves
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Fig.4 GO function enrichment analysis of differential expression proteins in Populus leaves
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Fig.5 KEGG pathway analysis of proteins differentially expressed in Populus leaves
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Table 2 Classification of protein expression level under leaf canopy positions
FEE A 4 B FEE T F B 44 B
Trend Protein name Trend Protein name
Ferritin, chloroplastic-like Endochitinase 2-like
508 ribosomal protein 1.4, chloroplastic Germin-like protein subfamily T member 2
isoform X1 HEV1.2 family protein
Nucleoid DNA-binding family protein Nitrogen-inducible protein 288, partial
N MAGO NASHI-like protein Polyphenol oxidase family protein
. Acyl carrier protein 1 Probable plastid-lipid-associated protein 13,
Decreasing .
chloroplastic
both at R
1oth and Purple acid phosphatase
2rthl Tn[ Protein translation factor SUI1 1 Sodium/calcium exchanger family protein
oth ted family protein Ubiquitin-fold modifier 1-like isoform X2
Ribosomal protein .14, chloroplast Putative gamma-glutamyl transferase, partial
Pectinesterase family protein Mitochondrial import receptor subunit TOM40-1-like
Hypothetical protein POPTR_0009s11920g ONE-HELIX protein 2 (Populus trichocarpa)
Unknown 20 ku chaperonin, chloroplastic-like
Clustered mitochondria protein homolog
Coatomer alpha subunit-like family protein
Tubulin beta-2 chain-lik
L. u, e e,a chamise 33 ku ribonucleoprotein, chloroplastic-like
Serine/threonine protein phosphatase 2A 57 ku X .
e E Tt Lt abunit 3-oxoacyl-[ cyl-carrier-protein] reductase 4
R T . 'regI{J a OrstI]i];rI]{lI(‘ATA lik Je TR Acylpyruvase FAHDI1, mitochondrial
ans t act _ -
1 " . * . Grﬂiszrlp on 1Ck40r, chvltransi 1‘e Ja BTt Chlorophyll a-b binding protein of LHCII type 1-like
ncreasing a a-hydroxymaackiain methyltransferase Decreasing Glutathione S-transferase US-like

10th leaf and
decreasing
at 25th leaf

family protein

Adaptin family protein
Hypothetical protein POPTR_0003s14580g
Hypothetical protein POPTR_0006s14270g, partial
Unknown

Unknown

Heme-binding-like protein At3g10130,

7 LTt chloroplastic isoform X2
Increasing UDP-glucose pyrophosphorylase

both at 10th
and 25th leaf

Plasma membrane intrinsic protein PIP1.5
TAU class glutathione transferase GSTU19
Hypothetical protein POPTR_0001s02300g

at 10th leaf H ™ -transporting two-sector ATPase family protein

and increasing
at 25th leaf

Mitochondrial import inner membrane
Translocase subunit

Molybdate-anion transporter-like

TAU class glutathione transferase GSTU2
Hypothetical protein POPTR_0018s09780g
Hypothetical protein POPTR_0019s12380g

25 M7 B B IR 111 M ERBEARE 3
WAL B BT S TR BRETHE R T 2R
HTE 5.10.25 fi LA FRKHA, Hrh 50 M 2ERE
FIBAE 5.10.25 3% 3 A2 B3N & &R
IR T R (R 6A) BT R LT (& 6B) B Wi
TR 6C) M TR G T4 4 Fpa (& 6D
Fi R 11 R X 2R3 i AE W - e TR0 ) R AR
SN A BN RE 10 A BT REE B 24 A%
Wi BT S ARUOE TR RS BT 11 AR 2) i H A4y 61
MEREEFL 25 A A 25,10 A5 5 AL
TREES.

3 i

BEH I TMHERARAFERSN
H B A 2 B 5 S A B D 4 )

%

3.1

REPRAT & 1 B ARG P i R B LB A
[ i 57 1 5 2 P B A R A e Z AR A i X 1~ 4
S K B R A2 40 B, Chien 2807 3k
1 7 I J T 3 2 RO &l i A S R R ) g A e
PEBY B, 2 i AE i R R R R OR & A R SR R
SRRy [ SR AL B B A AL R FE AR AN TR K
H B B T AR A D) BE AN 58 4 A [R], X R A P 1
TR AR —RE . ARWFSE LLE 4 Fh F1 AR AR,
Fed T 10,25 MR 5 5 MDA I B4 2% 25 =
S5 IR N 3 AN B T AR X R 3k R ok
FA 50 NEFFTE 5.10.25 MA7 32 B R % 5h iy
AT 22 2R TR 55 VORI (61 )X
FE 25 M5 5 M e b 22 5 L 7E 10 A
55 7 A b b 22 5O 3L ok aT O 25 7 i
REM TR LA TRIZUEL, fTRE S o &
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AKX,

AAE 25 M5 5 A7 i B b B e 35 22
S 61 AN BT, 44 22 5 R IKE A TE 25 M
b Thm, EEW oK AL W or i R R RS
S 38 RN AR G HE T . BiK AL B A DGR
L RE R R A B R % 4 1 (citrate synthase family
protein) (Bt bk IX B H g [ 4 Ak J BR AL S (mag-
nesium-protoporphyrin IX monomethyl ester [ oxi-
dative] cyclase) , H M 5 -3-1 R i 8 (glyceralde-
hyde-3-phosphate dehydrogenase) . [fi {4 I JFi 46 3¢
#H H PAP(plastid-lipid associated protein PAP) ., 2-
SRR I & 2 % 25 1 (2-oxoacid dehydrogenase
family protein) | i I W% B f2 % B% 4% %% B (adenine
phosphoribosyltransferase ) %52 542 g i | =4
A H AU AT HLY S5 64 23 e AR, SR 5 4 T df it F o)
ARSI v fE 5 i o 2 0l B R OGO SR B
B3 A e a1 R IR DG (] s 38 R0 B AR A DG 25 1
AR IR UGB R 2 AT RE B W) 24 AR 0 B N R
VLS

WA, 27 A2 RBEETE 25 AL RILEH
& N2 5E AT 40S ZREAE 1 SA
(408 ribosomal protein SA).40S ¥ B & HE 4 S20
(408 ribosomal protein S20) . B & Bl E LG H F 3
V.3 Ceukaryotic translation initiation factor 3 sub-
unit) . # ¥& # #l 28 [ (translationally controlled
tumor-like protein) .60S A FH L17-2(60S ri-
bosomal protein L17-2), & 55 5% S GTP 44
4% A B £ (GTP-binding protein beta chain) .JZ &
B K K ¥ JK f# B (ubiquitin  carboxyl-terminal
hydrolase) , & W] 25 M- F il TREZSHEY S
BT PR R e Ah o 115 4 D - A B B -5 -1 iR 3 Jirl S
¥ B ( 1-deoxy-D-xylulose-5-phosphate reductoi-
somerase, chloroplastic) . M &% 44 | #% Bk 3L 45 B A
4 B 9(long chain acyl-CoA synthetase 9, chloro-
plastic-like) . M &g 4k & 4 i CHUPIL (protein
CHUP1,chloroplastic) , FF 24K Y6 R 48 T 8k .0
Ot &% 1 W% WI) [ Photosystem [ iron-sulfur
center (Photosystem | subunit I) (chloroplast) ]
SR SR AR AR 25 MR IR BE R R T RE S M
T T O SRR A A
32 METEBHEBRNRENESH

DZ 506G EE W EAR, FHH
A&y B3 B T R Y R PO A B B AR O

P Bl 2R BT DG A R RIR S B AR A
FEHOGG R A DG 8 1 BT A IR 2 0 3R 8 AR i
P, Bl 0 28 0 g K 2k 2B (ferritin, chloroplastic-
like) 2R 4 508 B {4 4 H La-5 4 48 X1 (508
ribosomal protein L4 ferritin, chloroplastic-like-
chloroplastic isoform X1).# WA TE 9 L14 (0 4¢
&) (ribosomal protein 114, chloroplast) 5§ I & 4k
BETE 5.10.25 APy R FBZBW N, X5
Liao %5 % 5 25 W31 10 802 T 52
FE SE0RSE 568 755 3 K 450 25 oot o
H I S A AR L RE BT R 2 HE A HOEL  WEEE B R
PR, LHCI-1 Bkt R /b 455 & 11
(chlorophyll a/b binding protein of LHCII type I-
like) 15 33 ku JE M & A 2B % 4 H (33 ku ribonu-
cleoprotein, chloroplastic-like) 7& 10 M7 56 T & )5
1E 25 ML iRk B AT RE S X R F RS
SRR B Bk F S BRI R W 4R RS
P T 45 I S 4R 5T PR-Jii 5 A G 26 H 13 (probable
plastid-lipid-associated protein 13, chloroplastic) 7£
25 MRk AT RE S AN R TE w2 2
) S G2 5 R R,

2)Z 5 g7 A B K AL S P AR & .
A0 200 L rhot S L D7 R R R A A R 1A v A AR
Ak -8 BE W B Ak A= i AT, [R5 A AL v i) i i
TR TR ) e 4+ A ) b [ AR 5 RE i 1 R oK i
AW h =4 ATP ) B2 A . AR5
UDP-% %5 ¥ £ B 12 1L i (UDP-glucose pyrophos-
phorylase) Bifi % M- {3 3% 18 & 3% #7 L Tt % i LA 7 %4
- 1B I R R = W R A IS ) o A A B A UK 1
TR A AT RER , B S S M W R Y AR
Y& R UDP-# % Wl £ B R 10 i 2% 3k 5 19 22 fk
WA 0 AR 2, ) R B W O, B
B M iz i . (A DG B H - s WX
ATP B ZE & 1 (H " -transporting two-sector AT-
Pase family protein) , 2R B R N AR R 8§ FAHD1
(acylpyruvase FAHDI1, mitochondrial) . 3-%& 1% Bt
HE-[ 5L K-35 11 BT ]38 J5L il 4 (3-oxoacyl-[acyl-
carrier-protein] reductase 4) . £k Fi &K S A Z 1K W
F-25 TOM40-1 ( mitochondrial import receptor
subunit TOM40-1-like) FZ& K 142 T A Py J5E %% 7 it
.3 (mitochondrial import inner membrane trans-
locase subunit) & 5 P2k iR H JFHAE 5.10.25 bt
PRI N TR T a3 AT RERE 25 10 LI
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Wi . BT label-free # RITF 4% 3 A M7 M o378 1 B 40 27 40 A7 17

AR E BN 58 OB S d R A K T 25 AL
T R T BOE WA s, W) B AR . AR
B2 B R 2 (M W] &2 9 (clustered mitochondria pro-
tein homolog) B & M v 4 b F+JA F B . £ BHFE 10
WL AT 5 A — i S AR G B, b, BE A
SN B R BE S AR 28 H 1 Cacyl carrier protein
D RIBT BT B, TEAR DR & it 72 v, 158 3 25
A 10 485 0 T R o I G D R B S A il AR S
W R WY 25 A i b i I R 1 A AR T g
Bl

DR BIES AR ETMCEN . M A
B 2 o AR L SRR PR TR E KA DNA 5
AT B S DR R 15T R R A LA
AW 5T, 2 B DNA 25 & K 1% # 11 (nucleoid
DNA-binding family protein) . % 5% K 12% DIVAR-
ICATA (transcription factor DIVARICATA-like)
£ 5.10.,25 MHALR B S T e J5 T B T AR 5 R
% A + SUIL-1 % H (protein translation factor
SUII family protein) W& @ T K, 3 B Bl & o7 i
RR L R Y 28 e G R S g R A S
B BE A B LR e T AR AL, Ak AR
AERKFMXME AR, REZ RSB M-1-[F A
X2 (ubiquitin-fold modifier 1-like isoform X2)#0 20
ku Z& M- 2¢ K ££ 45 7 K (20 ku chaperonin, chloro-
plastic-like) S5 F F )5 LT, &2 R fr & 5 18 i 75 4
Wy T VR R D B B AR A S s A b R AR
MM 20 ku 28 M A PR AR 8 P BT X6 2 460 0 i 2 1 i
B TIRE UL B M AE A B 5 1 i
FErh i EAE R A B R A FE .

4) 2 55 1% 1 AR R R 8 B A AR T, R
Ji BB 50 2 10 aek i e s DR 200 L g R ) R O A T
450 13 2 T RO B 05 R A 7 AR RIS e T Y
TR R B IR, 2L BhE YRS
K 53 B W WSO I s BE O R B S DI AR 7 SRR O 5 K
SR B E MM b T Y AR RS
KIAE 5.10.25 M I TAU R4 e H KL B if-GS-
TU19(tau class glutathione transferase GSTU19) 3% ¥
BTk TAU 248 B H K A B GSTU2 (tau class
glutathione transferase GSTU2) , & Bt H IK-S-7% %% 1§
US8(glutathione S-transferase U8-like) ., 28 P Y] 5¢ £ i
fiff 2(endochitinase 2-like) \HE € B4 v-75 & Bk 5% % b5
4y (putative gamma-glutamyl transferase, partial) #12%

B R ZEH WK T-2(germin-like protein subfamily

T member 2)5E5E T B 5 L Ft, 76 25 M7 b 3k i
B A H K-S 7% I X R ) K AR 0 55 T 18 A
fifp B 2 M 2 2K B H AR ST GST BRI fEH Y
T2 22 B A ) 5 Al AR W v RS R AR T A
FKNDISE MR 2 RAPIAERN IR, RT A RE
FIAE B A9 it M g o vh kAR Y. R RS
NN S8 A Y TR W A 30 SRR S DAL e # 0 Bt
R EEE X SO ) BT AR OC R B ) 2 (R
ST, B 25 ML R BT AR G R
I BT K 3 3k DL 4 5 R AR T 5 0 PR GRS BR
e,

OMESHSFESY R HCEN ., MY A
MR 2 Bl Tz (1R 5 5 S ) B i i
. AWK, 2 AR/ B IR E B IREE 2A
57 ku(serine/threonine protein phosphatase 2A 57
ku regulatory subunit) {8 77 Y. 5 A1 {5 $ % % &£ H
(adaptin family protein) £ 5.10.,25 P4 81 R 56
ETE TR, 225/ I8 E IR 1 B IR I TE I VR R
RS E S S SRR EEERD LR
& A5 1 s 0 A% 2 1 R IR 2 R A 1T e VR T — Rl
[t 2 55 WA 2 1A /NI R il A L 35 67 5T A 4k
HEABMIIAES . L KB E A S A& A
F4EZ 58N I AR L 2 A% A 5 0 A
EEPUR P i 4 S R

AR, RN AE SR - PIP1.5 (plasma membrane
intrinsic protein PIP1.5) & #i [ F .1z & H 2K fLIE
Y — S S o R B A 53 00 WY K L 2R 1 7 A 4 0K
3 - v R AR Y L Y R R AR
B B F ¥ iz & H (molybdate-anion transporter-
like) | 4N /45 3¢ ¥ 5% % &£ H (sodium/calcium ex-
changer family protein) M%& % S HH 288 #43 (ni-
trogen-inducible protein 288, partial) ¥ i ¥4 iz #H ¢
HHETE 5.10.25 MALRIA B T REJR ETH B,
IBES H M R 5 2l AR A OC 8 R T R w0
e is HR A O,

6) HoA 2 1 . 4% Bz A 2R, 2l A Ak
Bt 5% J5 4% H (polyphenol oxidase family protein) %8
T2 P 5 W2 i (purple acid phosphatase) \HEV1.2 &
54 4 (HEVL. 2 family protein) , ¥ #8 jig & 4 2
(ONE-HELIX protein 2) FIf# 4 & 4 B-2 554k (tu-
bulin beta-2 chain-like) & R NS ) F R, H
HRCE B B2 B U R A Y
BRI AT o 33k S 2 1 BT R O 5 4 P S A5 AL B A R
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AR DR [0 B o 300 7 0 A0 SC 25 1 o R e 3 8 R 4k iy
I M FSE M . ASHIESE T AR A 1 AR B B EE R, S
PR & S O SR A G 2 1 A0 BRdE Bk, T RE
HI T label-free $ AR 19 Ry BR 1 (i — 26 2 S SRR AR
{ELRT BB R 45 H B2 A0 2 BRI RE A9 8 1 Bl AN R 5 10
RAEABIEFE b B 4G 0 3], v o 0 ek S R Ry B
0 25 H T 20 %% (data independent acquisition,
DIA) FHATIR AW ST
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Label-free approach based comparative proteomics analyses of three leaf
positions in Populus spp.(Section tacamahaca)

WANG Yi

Sericulture & Agri-Food Research Institute ,Guangdong Academy of
Agricultural Sciences ,Guangzhou 510610,China

Abstract In order to reveal rules of proteomic changes in different leaf positions of Populus spp.
(Section tacamahaca) and senescence mechanism of the leaves, proteins expression profile at three leaf
positions of Populus spp.(S. tacamahaca) hybrids were studied with label-free proteomics.The proteins
of three different leaf position were detected using label-free method.111 proteins with differential ex-
pression were found, only 55% proteins expressed significantly differently in comparison with the 5th
and 25th leaf position.Functional analysis of differentially expressed proteins showed that the proteins
involved in photosynthesis, growth and development were mostly down-regulated at 10th and 25th leaf
position, while proteins involved in stress,nutrient decomposition and transport were mostly up-regula-
ted among the leaf senescence process.However,some proteins related to transcriptional, translation and
protein modification regulation had fluctuations among the leaf senescence process.Among the three leafl
positions of Populus spp.(S. tacamahaca) , photosynthesis and nutrient synthesis process at 10th leaf
position were more active than that at 5th leal position.The 25th leaf leaves are enhanced by the decom-
position and transport of aging nutrients,and the synthesis of the material is weakened.The decomposi-
tion and transport of senescence nutrient at 25th leaf position were enhanced and synthesis of nutrient
was decreased.Protein is a cell function performer,which shows that the maturity of young leaves to se-
nescence is a process of orderly regulating protein expression changes.

Keywords Populus; leaf position; proteomics; label-free; senescence
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