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Abstract: [ Objective | Since cassava is the staple food for nearly one billion people in the world, the
breeding of high—nutrition cassava varieties becomes the top priority of cassava breeding.This study aims to ana-
lyze the metabolites of flesh in both white sugar cassava and yellow sugar cassava, and clarify the differential
metabolites and gene expression, which provideds a theoretical basis for genetic improvement of high—nutrient
cassava.[ Method ] The content of B—carotene in cassava flesh was determined by ultra high liquid chromatogra-
phy(UPLC) , the sugar content was measured by gas chromatography—mass spectrometry (GC—MS) , and the me-
tabolites were in the fleshes of white and yellow cassava were detected by liquid chromatography—mass spec-
trometry (LC—MS) , in which the enriched pathways were annotated, real—time fluorescence quantitative PCR
(qRT-PCR )was used in this study to analyze the expression of the genes.| Result ] The contents of B—carotene,
starch, galactose and fructose in yellow flesh cassava were significantly higher than those in white flesh cassava,
however, the sucrose and trehalose contents in yellow flesh cassava were significantly lower than those in white
flesh cassava, and there was no significant difference in glucose content between both cassava fleshes.2 719 me-
tabolites were detected and 267 differential metabolites in yellow flesh cassava were identified compared with
white cassava. Among them, 163 metabolites were up regulated and 104 were down regulated. The differential
metabolites mainly involved in energy, fatty acid, amino acid, phenylpropane biosynthesis, starch, sugar and fla-
vonoid metabolism.267 metabolites were annotated into 74 metabolic pathways, 59 metabolites significantly or
extremely significantly affected 18 metabolic pathways. The top 10 metabolic pathways included linoleic acid
metabolism, a—linolenic acid metabolism, ABC transport, alanine, aspartic acid and glutamate metabolism, py-
ruvic acid metabolism, aminoacyltrna biosynthesis, phosphorylation, carbon metabolism, glyoxylic acid and di-
carboxylic acid metabolism and TCA cycle.Compared with white flesh cassava, the expression of starch synthe-
sis genes was up—regulated , while the expression of starch degradation genes was down regulated, and the ex-
pression of B—carotene synthesis genes were up—regulated. [ Conclusion | The results shows that the content of
B —carotene, starch, galactose and fructose in yellow flesh cassava are higher, while the sucrose and trehalose
content in white cassava are higher.The fatty acid metabolism pathway, starch and galactose metabolism path-
way , phenylpropane biosynthesis and flavonoid metabolism in yellow flesh cassava are more active than those in
white flesh cassava, while the amino acid metabolism pathway and energy metabolism pathway of white cassava
were more active than those in yellow flesh cassava.

Keywords: cassava;flesh ; different metabolites ; metabolic pathways ; genes
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Tab.1 RT-PCR primers sequence for starch and (-carotene metabolism related genes

JE Genes

EM 5475’ —3" Forward primer

JZ 101541 5'—3" Reverse primer

MeSPS2 ATGGCTGGCAACGATTGGATTAA CTATCCCTTGACACATGCTAATTGC
MeAGPase TCCGGAGATCATCTTTACCG CAATTCGTCCCTGTTGTCT
MeSSS1 TTTTCTAAATCAGCAAACACCCATC TGAACTGCCAAGCCCACCTATC
MeB—amylase GTGGGGATGGGACCCTGCG CTCGTCCCCAGTCCCTCTTTCC
MePSY2 ACTCTGTTAATGACCCCTGAAAGG GTGTGAAGCATTAGGTCCATCAAC
MeLCYB TTGCTTGATTGTCTTGATACCACCT GCTTGGATTGTTATGCCATCGTTGC
MeZDS GCTGAAGGTGGCTATTATTGGGTCT AAGAGCCCACTTTACCACCAATGAA
MePDS CTTATGTGGAGGCTCAGGATGGTTT CCTCTCTGGGGGATTTCCATCTAAG
MeActin TGATGAGTCTGGTCCATCCA CCTCCTACGACCCAATCTCA




55 5 3] LRRAR O S B AR A SRR S P Sk 2 - 1095 -

W R 25 15 (SPS) \ADP 4 2 Wi B W R TL i (A GPase) . AT IR PETE RS & 1 (SSS) B—TE WS B (B—amylase) |
JNATFMOE A W (PSY) AT MO RN B (PDS) /N & ih £ 2 A (ZDS) MFE 4 K p-#
LR (LCYB) . Z: MR ) RNA 48 B0 & 32 BOCE P B RNA |, FFH S 5 s i) 80 S 3 S5 i e DNA 55—
S OB Y cDNA B R S AR AR, SR qRT-PCR KGN 45 K DK (9 2 3618 L, LA actin 22N NS . |
WK A 10.0 L, LL2-17 X B SR 270 31348 R ) AR 0 e ik it
1.6 LC-MS o #rE /K5

B RS Y B R AT BRA R TG4 00T B M REAR R 6 R . FRELS0 mg A,
IIANFR(0.3 mg/mL Y L-2-5 KR ,0.01 mg/mL A Lyso PC 17:0)4% 20 WL 1 1 mLAY 70% I, -20 “Clik
2 min, 60 Hz, BT 2 min J5# 5 H2H30 min,—20 ‘CF#E 20 min,4 °C, B.02E424 ¢m, 13 000 r/min, Z.0> 10 min,
BR300 pl_E3HH0AET, J 400 pl 20% HEEEE , 161E 30 s, #8452 min, 4 °C,ZL0:424 em, 13 000 r/min, .0
10 min, BH 150 pL 1) E3EWAE UG 2 o TR (QC) H BT A FEAS I B IO AF R FRIR A il 2% 1M B,
A QCIRFR GREAHMIR . I/ HT L8 ACQUITY UPLC #8250 A #2156 AB Triple TOF 5600 52543 3% 5t
TEASCLH B AV TR I R 58 . (3% 451k« (3% K - ACQUITY UPLC BEH C18(100 mmX2.1 mm, 1.7 pm) ; 4
TR 245 °C3 T ALK (5 0.1% H#R) B, V(ZHE) : VI EE) =2:3(55 0.1% H R ) 5 i : 0.4 mL/min; JEAE
TRA.S WL FUSAHE B IR ESI IE 608 PR B b
1.7 HIESW

I UNIFT 1.8.1 #5044 2R S UG B0 | R 4R U0 28 Progenesis QT v2.3 8 {4 1E 77 3£k i uE 0300001 L FR
g3 R B T RVRS IE XS S5 A — 4. Ab A W10 4 5 IR o o o AR . R R L R R 3R A A
The Human Metabolome Database (HMDB ) Fll Lipidmaps (v2.3) LA & METLIN %86 JE #E47 e tk . X et 17
TC B B3 5 BT (PCA) i e/ 3 15 140591 43 B (PLS-DA ) A S IE A8 i e /> — 3fe 32 411 43 B (OPLS—
DA). ABRANHEAE (VIP) KT 1 28 g & 22 AR , OPLS-DA il e 35 AHSS &, Ui 128 9 20 i 4
R 22 AR (VIP>1, P<0.05) , K3 Log2 FC {H i % TOP20 22 A0 4 . I 22 AR iy
KEGG ID #4738 #% & 48 70 A, L DR LT A 9, 48 1 5 84 SAr L, 78 0 25 1 2 S 2R A v 2%
& EHY pathway 2% H .

JH Excel 2013 1 DPS v7.05 Gei H Aot A= BBAE #7704 , 22 5 3 AR MR HIB B A 255 (Duncan) .

2 HERESMH

21 ALEHEOEREZEZENB-HE NEFENW A B
WA ISR F AR R 2-17 1 2-27 2 14 3 (4 174 i

H25 (KA EB) , 2-17 PR E P A H L, 2-27 R

ERREOA, S HER T R-E P RTEK

PR HAETENE B2 25 5 (K 1C) ,2-27 AR B 4 b g-i)

B NESR N 9.60 wg/mL, 111 2-17 B il 2y o g-] 3

b3 SR 0.83 pg/ml.c SO .

22 ALSEOCEABSENBRENSEBHN LB
2o 2-17 M 2-27 BUARBE p EE RE R 58

USRS s WEE Y PN S
BLLAKH 22T MR R R R ok g7
W2-17 WETHE R RN RIS B kR R —
321 ghgo 2-27 BNERE S RANGOE A R E T,
OB W 8 (00 2.29 gk, SR TP 8514 HRBTR Cassava germplaom

e A e o A 2-17 PR DI B 2-27 AR DI I 5
HEMEELEEER. C:2-17 F12-27 S5 74 B 2ok,

23 AbLEREODMEREZEZERREBAZHNERS D A:2-17;B:2-27;C:B~carotene content in 2-17 and 2-27.
> > N s 1 2-17 F12-27 Z£ A 5 T N EESE R
e PILLRER 25 57, SR A B g pea [ 21T R 2T BB R - b

ig.1 Comparison of flesh color and —carotene

7‘7(2 iﬂﬂ,?{%ﬁ;ﬁx IETJ E'(J E’x%%%”%% , ;j\:’f:EJ[’ §|J 2 /I\EEEEQ_}' s content between 2—17 and 2-27



1096 - UL PN a4t

PIZA B8 AR A A T EAR XIRI N o A 23 0l B e 25 2 B PR (111 <0, 121> 0) V55 32 BR (1[1]<0,
2]<0) LIS 1 R R ([1]>0,12]>0) 55 4 SR (1[1]1>0, 1121 < 0) , B PR (A 2 A v A4y 18] 4
WEZESE . OPLS-DA Al e KA I 4[] i) 22 57, WN P 2-B 7R, %45 R 5 PCA 25 R A — 2, 4
6 /1> Wy E S K S REAR A s B v e — B2 I o3 M 2, 150 B P AL o A A I TR R 28 5 S5 T A
TEZEST
R2 2-17F2-2THRIRENEM RESE
Tab.2 Starch content and sugar content in cassava flesh of 2-17 and 2-27

s TEME/ (g-keg™) Bl (g kg") AP (g-kg") FFM/(g-keg") EFHEWH/ (mg-kg™) TN %

Materials Sucrose Fructose Glucose Galactose Trehalose Starch
2-17 13.52+0.45* 9.64+0.33" 8.88+0.03" 0.58+0.07" 21.60+0.11" 10.25+1.36"
2-27 12.73+0.15" 12.88+0.23" 8.63+0.47" 3.21+0.15° 2.29+0.44" 12.58+0.17*

7] —3 AR AR ING SR A {ETE 0.05 7K 28 5 i 3%

Values followed by small alphabets in the same column are significantly difference at the 0.05 probability level.
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Fig.2 PCA(A)and OPLS-DA(B)scatter plots of 2-17 and 2-27
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Fig.3  Top ten differential metabolites (up or down regulated ) between 2—17 and 2-27
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Fig.4 The bubble charts of top 20 metabolic pathways in 2-27 and 2—-17
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Fig.5 The expression profile of starch and carotene metabolism related genes in fleshes of 2—17 and 2-27
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