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Abstract: Cassava is an important food crop, energy crop and industrial raw material. Cassava mealybug (Phenacoccus
manihoti Matile-Ferrero) is a dangerous quarantine pest in the world, the cultivation and utilization of insect-resistant
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cassava cultivars can effectively block its colonization. Mining insect-resistant secondary metabolites and the regulatory
genes is one of the important strategies for insect-resistant breeding. Flavonoids are unique secondary metabolites for
plants to resist biotic and abiotic stresses, but the function of flavonoids and the synthesis pathway genes in cassava
resistance to cassava mealybug is still unclear. Based on this, this study analyzed the expression levels of flavonoid
synthesis pathway-related genes (CHS, CHI, FLS, LAR, DFR, F3H, CCoAOMT, C4H, C3'H and ANR) and flavonoid
content in the leaves of insect-resistant (C1115, SC9, Myanmar) and insect-susceptible (KU50, SC205 and Bread) cas-
sava cultivars after being damaged by cassava mealybug for different time (0, 1, 4, 8 d). Although the expression of
CCoAOMT, C3'H, ANR and C4H in the leaf was up-regulated after feeding, there was no significant difference com-
pared with that before damage, and there was no significant difference in the expression level between the resistant and
susceptible cassava cultivars. In contrast, the expression levels of CHS, CHI, FLS, F3H, DFR and LAR genes were sig-
nificantly higher than those before damage, and in the same damage time, the expression levels of the six genes in the
insect-resistant cassava cultivars were also significantly higher than those in the insect-susceptible cassava cultivars.
Further correlation analysis showed that the expression levels of CHS, CHI, FLS, F3H and LAR genes were significantly
positively correlated with the insect resistance of cassava cultivars. In addition, the results of total flavonoid content
determination showed that the total flavonoid content increased significantly after one day of damage compared with
that before damage, and the total flavonoid content of insect-resistant cassava cultivars was significantly higher than that
of the insect-susceptible cassava cultivars after 4 days of damage. Correlation analysis showed that the total flavonoid
content was also significantly positively correlated with the insect resistance of cassava cultivars. Therefore, it is
speculated that the increase of flavonoid content and the significantly up-regulation of CHS, CHI, FLS, F3H and LAR in
the insect-resistant cassava cultivars may be related to the resistance to cassava mealybug. This study would provide an
important preliminary basis for the in-depth analysis of the molecular mechanism of flavonoid synthesis genes regulat-
ing the insect-resistant defense response of cassava to mealybug, as well as the molecular design and breeding of cas-
sava insect-resistant.

Keywords. insect-resistant and insect-susceptible cassava cultivars; Phenacoccus manihoti; flavonoid biosynthetic
pathway; gene expression; resistance mechanism
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Tab. 1 Candidate gene primers for flavonoids synthesis pathway
FE[H Gene LN B 55 Gene ID 51974 (5-3") Primer sequence (5'-3") BKIRE Tm/'C P24 K/ Product size/bp
CHS MANES 11G075100 F: CACCGCCACTCCCTCTAACT 59.1 244
R: CTTCGGGACCTCCACCACTA 59.7
CHI MANES 07G107200 F: CTGAAGTGGTTATGGTGGAT 51.9 227
R: AAGAGCGTCAAAGAAGTCAT 51.5
F3H MANES _02G104700 F: AACCATCACCCTCTTGCTCC 58.7 284
R: GCTCCTCCATCACTGGCTTT 59.1
FLS MANES 02G160700 F: TTCCAAACGATGTTCCAGGTC 59.7 171
R: TTCGCATTCTTTCTTTGTTCACC 61.3
DFR MANES 18G022300 F: CAGGTGCTTCTGGGTTCA 54.1 150
R: ACAGCGTCAAGTGGGTCT 52.6
LAR F: AGCAGTCCAGCCTTTGTC 52.6 285
MANES_06G072400 R: CTCCTCCATCATTTCCTTTT 53.5
CCoAOMT MANES _10G078800 F: AATGGTTCTGTGGTGGCA 54.2 155
R: CGACGGCAAAGAGTGATT 53.7
ANR MANES 16G016400 F: AAAGACAGCTTGCGTGAT 50.6 139
R: GAGTGCTTGGAGGTGAGA 49.9
C3'H MANES_08G063400 F: TATGGGCTGACTATGGACC 52.7 118
R: ATGGCAGTGACCTCATCTTCT 56.0
C4H MANES 18G126900 F: CTCGCCAACAATCCTGCTC 58.7 131
R: CTCCTCCTTCCAACTCCA 52.2
Actin MANES 13G084300v8 F: GAAGTCCTGTTCCAACCATCT 54.4 154
R: AACCACCGCTAAGCACTATGT 56.4

B FRE R S LT A28 G, i IR T R
D A S B, 2 IEURE ) 285 B k7
& (Mibio, " HE L) U845 ( hitps://www.
mlbio.cn/ ) HEATIE .
1.3 #HiE4biE

% H Gradphad Prism 9 #{F#E 47 B iC 2 A0
B, SR SE RPN ( completely randomized
design ) 4TI B3, IR SPSS 26.0 4%}
AN A5 oy Wy RS AN (W) R 28 o S R R Gk i A
A B AT I 2 0 M M 2 8 LA . 1 e vt D 0 4
s B 1 A PR Ty 22 S AT ARG B, 3 sk e A
JFE R IA R R B IR EZS S0 A s HOR A 7
Z5FMENIR A Duncan’s i & W 22 157 ik T
R, A 2R 55 I W6 s 47 O AR i
#, FRH Dunnett’s T3 Fikitfr&damm 2

I (P=0.05), it Spearman fHIEMESMTIT
A PR 2 0k 1 S W R HUE R U (R AH O
RE (p)e

2 HR5H5H
21 ARERMIIARZRMBIM M AEETE
HH 2 2 AIRIPT RS AP C1115. SCI. 4iifa)
FIURE R 2 L R KUS0 ., SC205 ., T 4 1 B 455k
(1) 510 7.90%. 9.60%. 11.50%. 93.25%.
91.80%. 95.20%, K, C1115. SC9. 4iifa) X} A
SRR I BB K R A, T KUS0., SC205 .
T A5 X A 22 T 93 M R B UK ST 389 4 e U
22 KREREMMAER. BAREGMETH
CHSERHRIEERD
FEARBHMI R FEG, AREISE G 0

K2 ARAREMREMAZEHH AFTNREELY

Tab. 2 Pest index of different cassava germplasms

ek HUE DR M %X Number of leaves corresponding to pest level
Index C1115 SC9 4fifa) Myanmar KU50 SC205 [fi 47 Bread
HEER 0 28 25 26 0 0 0
1 4 8 7 1 2 0
2 2 3 2 1 2 1
3 1 0 2 5 2 5
4 0 0 0 30 30 30
USRS JU WY 35 36 37 37 36 36
HWEHREU% 7.90 9.60 11.50 93.25 91.80 95.20
Hi K e [/ [/ 73 73 [
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FNERT 174 15 . 1.98 15, 1.61 15 ki
4dJa, PSRN CL115, gm0 ) T2 F Ey
1) 2.22 1%, 4.411%; FEMMNE 8 dif, CHI K
PRl 2R 38 1 76 45 A i B e 280 B = AR (&
2A )o X L [R]— B (B AS R A S8 S Bl CHIT JE TR 3=
ik, RMPURARESFERYNE 4 d FIFR
BESTERAAENM (B 2B), HXMEarE
B, WY 4 d N CHI R A 5 AR Z 5 A
AIPTRYE R B E IEARDC (p=0.9428, P=0.0048 ),
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SC205
=
= C1115
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=z it

20
15
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X} 35 & Relative expression

I} &) Time/d

A RN AEFG R WA E I ] 0 5 ik i B: ARELBII N FHHIE 7 — W LR [R5 A i SR R ik it
ANFRNE FRERIR 257 3 (P<0.05),
A: Gene expression of the same variety at different time before and after P. manihoti infestation; B: Gene expression among different varieties
at the same time before and after P. manihoti infestation. Different lowercase letters indicate significant difference (P<0.05).
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Changes of CHS gene expressions at different time and varieties before and after P. manihoti infestation
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A: Gene expression of the same variety at different time before and after P. manihoti infestation; B: Gene expression among different varieties
at the same time before and after P. manihoti infestation. Different lowercase letters indicate significant difference (P<0.05).
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Fig. 2 Changes of CHI gene expressions at different time and varieties before and after P. manihoti infestation
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A: Gene expression of the same variety at different time before and after P. manihoti infestation; B: Gene expression among different varieties
at the same time before and after P. manihoti infestation. Different lowercase letters indicate significant difference (P<0.05).
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25 AREHZMHAER. BRI RMETEM A
LAR BRI RIEERSH

ERZEB R ES, b, BORZEMA R
1 LAR SER A b i 2, RIMSeH 5
s, Hyt RS SRS o 2, Hf e
W E 1 d B, SCO My LAR FEH Rk &
AR ERR 1.48 £, Emah ETE 1.34
¥, 1M KUS0., SC205 Jo i #7481k Mi-hE 4d

- A
2.5 =0d

v21d
=4d

] Em8d

FHX} 235 B Relative expression

Changes of FLS gene expressions at different time and varieties before and after P. manihoti infestation
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AR/NEFHEFRRZ 5 B (P<0.05),
A: Gene expression of the same variety at different time before and after P. manihoti infestation; B: Gene expression among different varieties
at the same time before and after P. manihoti infestation. Different lowercase letters indicate significant difference (P<0.05).
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Fig. 4 Changes of LAR gene expressions at different time and varieties before and after P. manihoti infestation
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EARZEL B A FIE, B KUS0., SC205 it J
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AL e T R R e g, HLT HORZE R L sk
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KPR AKRZEFF (E SB ). FHIHESHIERE, #
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FEXFF AR Relative expression
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A RIS T R — R0 A (5] (8] B HE PR Rk ik s By A AR RN I T A (7] — I TRDAS 3] ot o g DR 3R ik ik
AF/NE FhEFRR 225 B3 (P<0.05),
A: Gene expression of the same variety at different time before and after P. manihoti infestation; B: Gene expression among different varieties
at the same time before and after P. manihoti infestation. Different lowercase letters indicate significant difference (P<0.05).
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Fig. 5 Changes of DFR gene expressions at different time and varieties before and after P. manihoti infestation
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A: Gene expression of the same variety at different time before and after P. manihoti infestation; B: Gene expression among different varieties
at the same time before and after P. manihoti infestation. Different lowercase letters indicate significant difference (P<0.05).
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Fig. 6 Changes of F3H gene expressions at different time and varieties before and after P. manihoti infestation
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A: Gene expression of the same variety at different time before and after P. manihoti infestation; B: Gene expression among different varieties
at the same time before and after P. manihoti infestation. Different lowercase letters indicate significant difference (P<0.05).
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Fig. 7 Changes of CCoAOMT gene expressions at different time and varieties before and after P. manihoti infestation
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A: Gene expression of the same variety at different time before and after P. manihoti infestation; B: Gene expression among different varieties
at the same time before and after P. manihoti infestation. Different lowercase letters indicate significant difference (P<0.05).
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Fig. 8 Changes of C4H gene expressions at different time and varieties before and after P. manihoti infestation
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A: Gene expression of the same variety at different time before and after P. manihoti infestation; B: Gene expression among different varieties
at the same time before and after P. manihoti infestation. Different lowercase letters indicate significant difference (P<0.05).
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Fig. 9 Changes of C3'H gene expressions at different time and varieties before and after P. manihoti infestation
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A: Gene expression of the same variety at different time before and after P. manihoti infestation; B: Gene expression among different varieties
at the same time before and after P. manihoti infestation. Different lowercase letters indicate significant difference (P<0.05).
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Fig. 10 Changes of ANR gene expressions at different time and varieties before and after P. manihoti infestation
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Tab. 3 Total flavonoid content in leaves of insect-resistant or insect-susceptible cassava varieties before
and after P. manihoti infestation

i fi] L E i & & Total flavonoid content/(mg-g ™)
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= RIS R K S 5Bk 3 7R AR [R] Sl RO [R] B 1) 25 5 6835 (P<0.05 )5 [T AN 6] /NG 1 3875 A R] B R)AS [ 5 b 22 57 |83 (. P<0.05 )
Note: Different capital letters in the same column indicate significant difference in the same variety at different time (P<0.05); Different
lowercase letters in the same row indicate significant difference among different varieties at the same time (P<0.05).
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