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Abstract:In order to indicate the influences of cassava leaf photosynthetic rate on roots yield in the present
study ,the proteomic methods was used to analyze the differences of photosynthetic capacity in both cassava geno-
types ZM-Seaside ( high yield) and mosaic-leaf mutation (low yield ) to reveal the different reason of their root yield
and provide theoretical basis for the selection of high yield cassava varieties. The leaf net photosynthetic rate( Pn) ,
stomatal conductance ( Cs) , intercellular CO, concentration ( Ci) , transpiration rate ( Tr) were measured using the
portable analyzer LI-6400. The results showed that leaf Cs,Ci and Tr in both genotypes were not significantly differ-
ent,while Pn in ZM-Seaside was significantly increased more than that of mosaic-leaf mutation. Western blot analy-

sis used to determine the level of leaf protein expression,revealed that the expression of Rubisco, OEC and PRXQ,
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related with photosynthetic pathway,was significantly higher in ZM-Seaside than that of mosaic-leaf mutation. Leaf
global proteins were extracted by phenol extraction,and then were separated using two-dimensional electrophoresis.
Delta 2D software was used to determine the differentially expressed proteins. Twenty different protein spots were de-
tected in the leaves of ZM-Seaside compared with mosaic-leaf mutation , of which 15 were up-regulated ,5 was down-
regulated. The differentially expressed proteins were identified using MALDI-TOF-MS in combination with the
KEGG database to classify proteins according to their functions. Sixteen protein spots were successfully identified , in
which they involved in photosynthesis(3) , carbohydrate and energy metabolism(4) , chaperones(2) ,structure(2) ,
defense (1) , detoxifying and antioxidant(2) ,and unknown functions(2). Using String online software to construct
protein-protein interaction network showed that Ribulose-5-phosphate-3-epimerase and chloroplast latex aldolase-

like protein were theorized as key proteins to affect photosynthetic rate of cassava leaves. The root yield of cassava

7ZM-Seaside was improved probably based on their up-regulation in leaves.
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AKZ (Manihot esculenta Crantz) J5 7= 36 W #4H7
J& KR} ( Euphorbiaceae ) A % J& ( Manihot Miller)
AR Z A2 R MY, 78 4 i FL BT o DX O Fh
Y, ARETF 19 il 20 EARGIATRED  HE )
203 AG T AL DX, S T R v DX A TE A T
W ERHRITETE R B A b e

RER I A O Y, A C, Y
F I HA S Lo TR R, H R
AR E R A E T EE bRz —,
ARBEIER A B, h 3.4 ~3.8 SNV/kb, & TA7
F(1.0 SNV/kb) . BE# (1.5 SNV/kb) Fikg# (2.6
SNV/kb) FEAE4 | JRARER Y B, S EUE S ik
FRAWI, — &7 ~8 4, A k4 5 oo =
FEAHSC R G HERE D] S FLAR BT i o AR S B R Ak
RREAEFM AR ERCENRBEZ —, B
SEDUE A AR e AR H AR BAR G 25
S BT, 5 DG R A G R S B8 A 11 o 0 4
ribulose-1, 5-bisphosphate carboxylase/oxygenase large
subunit , rubisco subunit binding-protein alpha subunit |
ribulose-1, 5-bisphosphate carboxylase/oxygenase acti-
vase Fll D1 5 15T, IX B85 1B 7E 3: 00 pm B R IAK
Vi, B 556G BN AR BB, R
SECURIE A R B R AE R 8 15 (SC8) AT A I 4l
W14 ] CO,HRFE (i) FIZEIE 3R (Tr) B W
FrE2S (AR SC8 AL A (Pn) AL
JE(Cs) BERT Wi4,IF H SC8 S56a1E M & H)
R Rubisco ,OEC Hl D1 (#A/KTH8T W14,

AR ARZEAZ AR Bl Aol B Be el R
it P BRI DAL TR A8 I B B Bsbavifs ol o
O (CIAT) 5 BERYRp 52 A0 BT, PR 7 v s A7 A L)
AT BEER  FROFR AL AR, B AR A MR

e FRIZ /N, HOR 77 R & I AR S Fl ZM-Seaside
Je P E P A B A RIS BE R VR it R B SR 5T
JIT A DA AT T e 0 Y 8 A B ) — o AR S R o %
ARER B R, SRR S AL, TR, B RR
IBTERE ST o I FIKFIF AR I R s 5
e SRR Y SCIB 1 | ASBIF 5 e FHATR 7™ o B A 1 R
B R A R 1 B K P-E S R 7 R BT ZM-Sea-
side M F i R PR 2F HOAR v 7 1 st AL 3 3 42 40 v
7 R RO B PR T 9 e B i) 2 1 o Ao
B N E PR A AR R

1 RSIR

1.1 ##

ARG W 5T b Bk 5 77 R 3 Fh BT ZM-Seaside Fil
R R oA i AR ZE AR R AR [ b [ B Ll Bl B
P S Tl g A T AR P A b P A 25 e o o U
W A B R 6 A H S ot 4 RS
AT REM , ARZERIE 10 > H JFGK .
1.2 FHik
1.2.1 XEHEMNE LR EH LM ZM-
Seaside FIAE M A AR Ft ft SR AR MR T 56 4 5% 42
JEFFDIREM, W HI5E FE LI-COR 2 /) A 7= iy 4 Ok
HAY 1i-6400 F_14F 1000 1 5E M F 5146 A R
(Pn) SALTFEE(Cs) JlE] CO, MR (Ci) FIZEHE R
(Tr) . BIRBEE N EIEIERE N 1200 pmol/m” + s,
CO, ¥k 500 mmol/L,, F34~4b BEVE I K 3 #E,
BERREEO A3 A, A R 3 K,
1.2.2 KEMREARFRZEKEWNSHT FH
Western Blot 776X} 3 #1556 1F FIAH ¢ 09 & H I
Rubisco (1ZZ va EPUARISE T Agrisera A F), 185 .
AS07218 , %+ T & .53 ~55 KDa) .OEC (iZ £ FL L



51 RMENBEE 6 AR B AR T R B B2 Fl ZM-Seaside M G E S8 M B I 422 40T 937

PRIASEF Agrisera /A H] , 585 AS05092 , 43 F & ;33
KDa) Fil PRXQ (% £ v BEPUARILSKE T Agrisera /A H],
5. AS05093 , 4> T 1. 16 KDa) #1721k K43
B, Actin (£ s FEPUIR I SE T Agrisera /A A, 4%
5. AS132640, 43 T4+ .45 KDa) VE R X BEE
1.2.3 RKEMAZ£ZEARPNRR. SBMEE K
2t 2 E A RARBOR A S, Chen 210V SR i B
R S5 A Bradford B & 7€ =, F S 1
S. Chen 45"V 0[] HL Yk 4 ARG B (R EA T 40 i . DA
ZM-Seaside M F 4= 25 [ 5 ik 4 X) B8 2R FH Delta2D
AR AT AR A B R 0 25 5 3 T,
WERFIRELE +2.0 UL EE AR #E TR
EEFAEES I F. An 252050k,
1.2.4 KREEAREIEMEHE KA Sting &
S S M 10 25 5 B Y A Sl B P T PRI
1.3 #HEZiITHH

AR SCBARAL R R i H 270 B R FH Excel 2010 Fl
DPS v7.55 $f, 25 5 b 25V 0 b ok OB S A 25 1%

(Duncan) M%)

2 HRSH

2.1 KREIEEM B RSHES

L TA AT 0L AR R AR F i g 2 BRI 2L
£l o> MU R EAR SR s SR S NGRS
B BRI RD ZM-Seaside M HORE L
PENIE , &%, 0 F R esi e, i iRg el Ba T
g A pEt (K 1B)
2.2 REMAAESHERIEIRFESH

FEM AR B AR T H ZM-Seaside ™/ Pn  Cs Ci Fll
Tr YA FIE R EAR Bk P~ s e DL 1, ARk 2 4
REFPT Cs Ci S Tr %A WM 25, (H ZM-Sea-
side M R 19 ¥ 06 & 3 R 0 3F = T A8 K 2B AR i
(P<0.05), MEAN,FAE 10 4~ H JGE 46 A AR F 1)
firf 28 PR P i I I (IR TRk 5 K B ZM-Seaside, FH UL
AL 2 AR M 06 G VR HTRE AN [F) 3 SO
B B E R 2ER

El1 EMAZIH(A) R ZM-Seaside(B) Thaert B

Fig. 1 Functional leaves of cassava mosaic-leaf mutation( A ) and cultivar ZM-Seaside(B)
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Table 1 Photosynthetic characteristics of leaves from cassava mosaic mutation and cultivar ZM-Seaside

AR HOEREA(Pn)  ALRIE(Cs) Haa] CO, He P (Ci) BB (Tr) {3 3 P ()
Cassava varieties Net photosynthetic rate Stomatal conductance Intercellular CO,concentration  Transpiration rate  Fresh root yield per plant
AL AR A Bl

12.53 0. 49a 0.42 +0.22a 332.67 +18.00a 10.72 +£0. 82a 0.35+0.22a
Mosaic-leaf mutation
ZM-Seaside 29.16 0. 55b 0.75 0. 10a 301. 33 £10. 02a 14.23 +0.40a 5.46 =1.68b

[Fl— WA A NS TR B RAE 0. 05 KF 225 B3

Values followed by small alphabets in the same column represent significantly difference at the 0. 05 probability level
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Fig.2 Western blot analysis of leaf proteins extracts using antiserum raised against Actin( A) ,Rubisco(B),

OEC(C)and PRXQ(D)in cassava mosaic-leaf mutation and cultivar ZM-seaside
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Cassava mosaic-leaf mutation was used as control. Black arrows indicated protein up-regulated and white arrows indicated protein down-regulated
3 ZM-Seaside( A) REMAZLM(B)H A N@EAEEREBME(C)

Fig.3 2-DE images of leaf proteins extracted from cultivar ZM-seaside( A )

and cassava mosaic-leaf mutation(B) and their overlaid image( C)
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Table 2 Identification of differentially expressed proteins extracted from leaves of cassava mosaic-leaf mutation and cultivar
ZM-seaside

Fre e 7 FPols  BUSSEHLE /TR e SR (WEbRER)
No. Function/Name Gi number  Theoretical pI/Mw  Fold changes( Mean + SE)
Photosynthesis related proteins(3) Jo&1EM

4 Ribulose-1,5-bisphosphate 1,5 1% #5544 il AAG61121 5.06/48.35 2.020.01( +)
9 Ribulose-5-phosphate-3-epimerase , putative-R. communis 3,5 A% B S A il EEF47836 9.71/28.21 + o0

16 Oxygen-evolving enhancer protein 2 , chloroplastic -4 il &2 3% 3% 2 11 P16059 8.28/28.05 4.0+0.18( +)
Carbohydrate and energy metabolism associated proteins (4 ) HiAE AT

2 Transketolase , putative-R. communis B ) P il EEF50359 6.99/81.52 2.2+0.03( -)
3 ATP synthase subunit beta, chloroplastic "-%¢{& ATP & B W3 P26530 5.15/53.47 2.3+0.05( -)
10 Carbonic anhydrase-Flaveria brownii TR T AAA86942 5.70/35.55 2.0+0.05( +)
19 ATP synthase epsilon chain-Androya decaryi ATP & 1§ & 5 CAD22407 5.87/14.28 3.2+0.12( -)
Chaperones(2) R

1 Heat shock protein 82 ( HSP82) -Oryza sativa #K 7L H CAAT77978 4.99/80. 19 -

6 Hsp70 ( AA 6-651) -Petunia x hybrida K 58 8 CAA31663 5.06/70.78 4.0+0.12( +)
Structure(2) ZEM R

5 Actin-Isatis tinctoria 30 H AAW63030 5.31/41.82 4.0£0.09( +)
17 Kinesin heavy chain, putative-R. communis Y837 [ S EEF30221 8.58/99.95 + oo
Defense(1) f471 8 H

12 Chloroplast latex aldolase-like protein-M. esculenta M-SR FL IR EE AR BERE R 1 AAV74407 6.54/34.02 2.0+0.09( +)
Detoxifying and antioxidant(2) fRIEFPTAEH

13 2-cys peroxiredoxin like protein-H. orientalis 2Bt R MR T E ALY LR H AATO8751 4.93/21. 86 2.266 0. 11( - )
14 Peroxiredoxins , putative-R. communis i3 B ALY BEFK % EEF32207 8.61/29.40 +
Function unknown proteins(2) IIREAR N

11 Unnamed protein product-M. esculenta 51 H CBV34462 5.53/61.45 9.0£0.23( +)
15 unknown-P. trichocarpa A HIZE H ABK94443 6.61/30. 03 + o

Photosynthesis related proteins

Defense

Detoxifying and antioxidant

Structure

Chaperones

Carbohydrate and energy metabolism AT2G45290
associated proteins 1

Function unknown proteins

000000

LAk AR B REFTERFR T, EATAMEL IR 2 D EA B M AR A SRR R AR
Red arrows indicate up-regulated proteins,and black arrows indicated down-regulated proteins. The connection between
two knots means protein-protein interaction. The bold line indicates the strong protein-protein interaction
4 ERBAREERNKRIHEE

Fig. 4 Generation of protein-protein interaction network for differential proteins
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