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W E. B/KEAAM (chalcone synthase, CHS) & HUEIE S — B, EMPECIENR . AR AT UK
AP R EEBEEAEH . IR MeCHS LR FKE MR E AR FYIM R G EE: (PPD) iyRA, AHE
PR A 45 B 07 B 0T K B MeCHS  JE IR 5 7 N 52 AT AL PE IR . BB A RS M % 00 . RITSEM 29t E &/ PCR
(qRT-PCR) ;i MeCHS JEFE AR fafl . ARIHLUIHAR PPD s B 3Rk G 0L, FIAS eIt 3 M maRism
MeCHS J [K] 1) S 241 A 5 437 28 A4 I 0 47 08 0 Wik o) 2 A DA 8 L o7 o FE AR SE PRI A vh R 5 1 5 4> MeCHS R 51 i
B, BAR R, oI FE R FN#H  3E . qRT-PCR 2447 & B : MeCHS B F£iA B A W WAL S, 77X
kK i e TEARE T EEE KA MeCHS J: K28 MeCHSL, MeCHS2 il MeCHS3, H. 3 ANJEA B SC8 M I i
BF R A IE K A A o BT sE 5 59 MeCHSL, MeCHS2 Hil MeCHS3 5L B 2 R AT/ S BRI 4G A AR B 3=
B AN, ORI 3 A FER I N T AN, 5 U AS RARAT o %A T o — 2 R AR MeCHSS [ AR
P T AE 51 B AR AR PPD AE /1 $R HEFR SR I
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Characteristics and Expression Analysis Of Chalcone Synthase
MeCHS Family in Cassava
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Abstract: Chalcone synthase (CHS) is the first limiting enzyme in flavonoid synthesis pathway and plays an important
role in flower color formation, growth and development, and abiotic stress. In order to clarify the characteristics of cas-
sava MeCHS gene family and its expression in cassava postharvest physiological deterioration (PPD), the MeCHS gene
family was analyzed using bioinformatics, including physicochemical property and subcellular location. qRT-PCR was
carried out to detect the expression levels of MeCHS genes in different varieties, different tissues and PPD process. The
genes with significant relative expression were selected for cloning and subcellular localization verification. A total of 5
MeCHS gene members were identified in the cassava genome. The secondary structure analysis showed that the MeCHS
gene family was mainly composed of a-helices and random coils. Tissue specific expression indicated that the expres-
sion levels of MeCHS genes were higher in stems. The major expressed MeCHS genes in cassava were MeCHSI,
MeCHS2 and MeCHSS; and the expression levels of these three genes were gradually increase with PPD. MeCHSI,
MeCHS2 and MeCHS3 were successfully cloned; and fluorescence transient expression showed that MeCHS1, MeCHS2
and MeCHS3 were localized in the cytoplasm, which was consistent with the predicted results. This study will provide a
theoretical basis for further revealing the function of MeCHS gene family and improving the PPD tolerance of cassava.
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SR P RN T2 AR AR — R EH AR
AR, FEAREEER . SR, EE RS
A/REG T (CHS) b2 B AL Y& oy &
— PR, ik 4-F OB A S CoA
A0 4,5,7- =R IR BORERR , A A R B 2R AL A
Yy, AL RTE A J TR  AL THE 1  ALT ATT A i As 2R E
Btk &, AT CHSEERAEM I IF . KAE . it
B BREAE R ARSI R R A B 5 A
SefET) CHS 3 N 0.2 5 kg A A W ke 114 )
B, MG, ERKET . MERMITERS A
SN Y K B CHS X 1 4635 32 8 F R R
BvE IR . KBRS0 Wt it ki 0t
DR AT $5 5 L ) T T S 20,

A2 ( Manihot esculenta Crantz ) 2t 5 7 #4
NI HL DG 10 A AR FZREEY , 73R E

“—F— T B R IR AR Y, AR R
EMORE 1~3 d SR AR A I, o “RIE4
FHJE K27 ( postharvest physiological deterioration,
PPD ) ", K% PPD J&: th B AR IR i A ML 3
SRR — RNV A RN, & TR EHE A P
W —Fh, i A SR E LSRRI,
FILZEE AT LIMEA PPD Bbmic it ™), i e
AL 25 B o] f ) PPD 2k B v 8 S Ak 4 5 A il
(SOD) M, FELAA A £ FAL I i A B b
P DU R AR 2 A 3 R R A T LA A i ke
TG PR (ROS ) M, HFTMTRESZHAR PPD KA
CHS VE R B A= )& U 26— B R, 1 i
HLEE R RRAE S FLER IR R X IR RIS T A= W) 6
DL R YR R A i s 2 0 E 2, H
i, AR CHS HEH 0w R ol , HHAEARZE R
R PPD P4 LT 58 /0, Fir BRI 5T A B
HIATE MeCHS3 (31, HERAR PPD 2% W25
PO PRI, ASBIF S A A 2 0 40 e S R S R
BRI, Y E B AR 0 e A AR
CHS H:A KGR O1 , FF X AR ZE CHS JE FI 505 45 i
[N B2 i ) DR VA B i s o T D B 2
N HAEARFE AP AR LR PPD g RiA
X, [l %8 5 MeCHSL~MeCHS3 1 I1 21 fifd 7 £37
Rt — R AR CHS FEH R YIRE M
EHR BT PPD RE ) 29 #p 5L

1 #MRl57AE
1.1

AW ST i e FH A AR R AR D SC5
SC8. SC9, SC14, SC102 1 SC6068, K H H[F
P AR B2 e B VR ) it R BE IR 5 BT [ 2K
BRI . B MR AR IRZE. 25
MR MEPERPE R ZH 2L (FEC ), R AEAN A ZH 41
ok F SC8. SC8 F 2022 4F 3 A Fii T Z A
BRI (N ), AHJE 10 A B EHAR
FHF PPD W5 o FH T 040 A 52 57 A AR A= 40K Py A% 512
1.2 FHi&
1.2.1 MeCHS AR Ry 55| k3t M
ARG T 3L R 41 M TAIR( https://www.Arabidopsis.
org/ ) T#i CHS EEHMmiLITH], FAREER
BAE EFEAT BLAST R, T #KE CHS A A
4K CDS MIEHFFF. [RINHEH] DNAMAN %%
PEXIAREE CHS PR Z 5 R 0t i LR 7 51 3k 4T
Z X, Al HMMER ZEZE84: ( https://www.
ebi.ac. uk/Tools/hmmer/ ) X} A% CHS i K 5% il
AT BE R I , B SR AN R S A A I B
122 MeCHS kB Rk ALK T 54 FIH
ExPASy 7& £k ¥ 1F ( https://web.expasy.org/prot-
param/ ) 53 Hr MeCHS S [ iy # Ak 4 i . 12 H Cell-
PLoc 2.0 ( http://www.csbio.sjtu.edu.cn/bioinf/Cell-
PLoc-2/) #l Prabi ( http://gsds.cbi.pku.edu.cn/) 7E
LA 5 I T MeCHS 5 PR 5% B 5% 114 31 441 fifd
FEDLFN o-BRHE . B-5% A . ASHLIN G A A .
F| FH SingalP( https://services.healthtech.dtu.dk/servi-
ces/SignalP-5.0/ ) TELFAF A T2 1 BA5 -5 KA
1.2.3 MeCHSs £ R R84, R s #r % PPD ¥
ok ik 54 S M RNAprep Pure ZHEZEHHY)
& RNA $2EULH & (DP441, KRR ) #2HC SC8
AFHLAE . ghot i B R R
25, M. FEC, WM (4 A7 AL 10
AH D) 1 ARFEEFR R (SC5. SC8., SCI9. SCl4,
SC102. SC6068) LAK SC8 R I i st 2 Hh fry
(0. 1. 3.5, 7d) & RNA, cDNA % —HEMH
4 % B8 Thermo Scientific RevertAid RT 7 &
(K1691, FEIRK) BB T, it MeCHSs
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%) qRT-PCR ¢ 57514 (% 1), LI MeActin £
W2, #E4T QRT-PCR J i, AEAHE S I E 3
WK, fdi ] 2724 e MeCHSs B X # ik 5 I o
124 K% MeCHS L2 24x %1l MeCHSL,
MeCHS2 fil MeCHS3 &Ky 1514 (% 1), LU
SC8 M /i ¢cDNA Mt , §1# MeCHS H B, 4
F S, KAl Nimble Cloning X7 &% b Bt 5

pNC-Green-SubN 75 # iR % 1 , BAAEAE LS R
YAN %P5k, Zeid ik Topl0 Sz 25 400 |
PCR i 6 BH PR SR v R, )3 360 TF T 4 5 1 284k R
SR A0 B A I R SR A AR AR, MF SR 1
Frn o BRET A AR, 3 d 5 OGR4
BEULgE MeCHS MRl , EARERAET S0
AN %PV Ik

#®1 MeCHSEMREZK% qRT-PCR EE5| MR LA EM S|
Tab. 1 Primers sequence for qRT-PCR and subcellular location of MeCHSs

5% 4 FX Primer name

IEM 5% (5'-3") Forward primer (5'-3")

S 514 (5'-3") Reverse primer (5'-3")

qPCR-MeCHS!1
qPCR-MeCHS2
qPCR-MeCHS3
qPCR-MeCHS4
qPCR-MeCHSS5
qPCR-Actin

SubN-MeCHS1

SubN-MeCHS2

SubN-MeCHS3

CCAATAGTGAGCACAAGA
TTGGATTCGTTGGTAGGT
TGATTATCCTGATTATTACTTC
TATCAACAACTGGAACTC
TGAATGGTATGGAAGAGAA
TGATGAGTCTGGTCCATCCA

agtggtctctgtccagtect
ATGGTGACTGTAGATGAAGT

agtggtctctgtccagtect
ATGGCTGCTTCGGTAGAAGA

agtggtctctgtccagtect
ATGGCTGCTGCTTCAGTAGA

CCAATGAAGGAGCCATAT
CGCTCAATGGAAGTATCAG
CCACTACAATATCCTGAC
CTTAGAATATGCCTGGTT
ATGAAGAACACAGATGGA
CCTCCTACGACCCAATCTCA

ggtctcagcagaccacaagt
TCAAGTGGCCACGCTGTGGA

ggtctcagcagaccacaagt
TCAGTAAGCCGTCGTTTCGG

ggtctcagecagaccacaagt
TCATGTGGAGACACTGTGCA

e NEFRARELITF,

Note: Lowercase letters represent joint sequences.

1.3 #HiRE4abE
K1 Excel 2013 1 DPS v7.05 e/ xd 41
PEAEAT oMY, 225 2 VAR MR AR S M 2205

( Duncan ).

2 HER55W
21 MeCHSEEFR&EM REBH SRS
MARZEILR A P s 8] 5 4~ CHS FGH
K, 435454 5 MeCHSI~MeCHS5., i i 28 SR
JEB HEXF A0 Mr R B, MeCHS & 1 AH AL 1 K
48.60%, 5 1> MeCHS ¥J{& CHS HEH K 4 4~
PRSFIG A S A LMk 3 (k& ), 4 4
MeCHS ¥J % CHS 2 A R % F¢ 1F & 2 W2 ¥ 51
WGVLFGFGPGLT ( JRa774E ), 1 MeCHSS %
HEZ MR ¥4 8 LGILFGCGPGLT (& 1), H15E 2
AL, 5 /1> MeCHS 1A% g bt 2 36 1R 250 5 JE A
A, 7E 390 MEAy; o F it 41 43.00 kDa 72
AL IS S S TE 6.03~6.34 ZJH] J7E 5 1> MeCHS
HHEH, MeCHS4 & 1 Fl MeCHSS # H A FaE
IR T 400, BT ARCEA.

22 MeCHS EAR_LEMH N ETMAE
{3 Tl

FI 7 Prabi T H 4T MeCHS 75 1R 1) — 2t 45
¥ 50T, 53R NER 3 FiR . 54> MeCHS & LA
o-MEE (5 T 43.48%~48.34% ) FIAN KLU 5 iy (
b 32.22%~35.19% ) R, HKA MEMEER B-1%
i, BRI LEIAEE, UL AR
MeCHS HEHZEEN 5 E AR K5 AEH
1. FH SingalP 5.0 BRAFFELSHIEY, 5 4
MeCHS i 4B 15 5 K o S0 20 B 457 Tt 45 S
R, 54 MeCHS SFEHEAMIB R RL (£ 3),
23 MeCHS EERKEFRIES
23.1 RREKZEZA P MeCHSs 2 B 69 & ik 547
MeCHS JE A TEA A A i A (SC5. SC8. SC9.
SC14, SC102, SC6068 ) M-F ik 2 fr
Mo BEFEN, DL SCS RO, MeCHS2 Al
MeCHS3 7£ SC8 i 5 Hr ik, MeCHSL Fl
MeCHSA 7E SC14 Wyt ik i & , MeCHSb 7
ANE SR e R LR AR . SRR
MeCHS J A 1 FR 3k B A W Sl i) ot A 22 S 1k
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MeCHS1
MeCHS2
MeCHS3
MeCHS4
MeCHSS
Consensus
MeCHS1
MeCHS2
MeCHS3
MeCHS4
MeCHSS : A
Consensusi s3gV nmpg d gl kllgl psvkr m y gcfag 1r akd aenn rvl vcse
MeCHS1 BLEE S
MeCHS2 TBIGIN
MeCHS3 KEIGIS
MeCHS4 goEIET
MeCHSS
Consensus
MeCHS1
MeCHS2
MeCHS3
MeCHS4
MeCHSS5 . - - :
COI’ISGDSIIS £fi ggp 1l arhl ygn s v fildemrk s gpgltive v 1 sv
PR FRR TG AL R TR RS s f7 k FR TG A AL s ROAMEN R CHS FE KR P54
Underline: Conserved sequence of activesite; Arrows: Active center; Chalcone synthase family sequence label are in black frame.
1 MeCHS SEFIILLXT 4T
Fig. 1 Multiple sequence alignment of the predicted MeCHS
*® 2 MeCHSEREZREEL MR
Tab. 2 Physical and chemical properties of MeCHS gene family
FE N 4 P S 1D CDS K A IEMAEL iy SRR AT ETR L
Gene name Gene ID CDS length/bp  Amino acid number ~ Molecular weight/kDa  Isoelectric point  Instabbility index
MeCHSL  Manes.03G150000 1170 389 42.42 6.17 33.41
MeCHS2  Manes.04G094200 1188 395 43.38 6.18 34.27
MeCHS3  Manes.11G075100 1176 391 42.89 6.34 34.64
MeCHSA  Manes.11G075200 1188 395 43.64 6.29 42.35
MeCHS5  Manes.18G083400 1176 391 42.96 6.03 40.00
® 3 MeCHSEZHITMAMEMBNINE LR _REESTHT
Tab. 3 The secondary structure and subcellular location prediction of MeCHS protein
B4 a- 1R o L B-efa i L AHLI 5 L I AR B 7 1L P 40 5 o7 TN
Protcin name a-helix B-turn Random coil Isoelectric point Subcellular location
proportion/% proportion/% proportion/% proportion/% prediction
MeCHS1 45.50 5.40 34.70 14.40 Cytoplasm
MeCHS2 44.81 5.32 35.19 14.68 Cytoplasm
MeCHS3 43.48 6.90 34.27 15.35 Cytoplasm
MeCHS4 45.82 6.84 33.67 13.67 Cytoplasm
MeCHS5 48.34 5.63 32.22 13.81 Cytoplasm
80 .
2 7 0 MeCHS1 232 MeCHSs £Erth . 25 RFAE P EE
I MeCHS2 - —
g O A MeCHS3 oM FIHIARE MR SC8 Xlﬁléﬂf/\( M A
2 5ol 0O Me >
22 m MeCHSS Wi . 25, 4E. FEC. UK. ifi) 9 cDNA it
S . N .
g5 11 MeCHS JENZRIEAR N . qRT-PCR M 45 R
.z 20
= 7, LhSC8 MR OXTE, MeCHSL, MeCHS2 il
Q
~

(=)

SC14 SC102 SC6068
A Variety

SC5  SC8 SC9

B 2 MeCHSs EAZEARRALATHIEFRMERIZE

Fig.2 Specific expression of MeCHS genes
in different tissues

MeCHS3 7E AR B ZEh R ik m i m, MEZFFEIRZ,
FEMAR . AR AR F A R, A B4
SRR, MeCHSA il MeCHSS 7E SC8 £14H 41
R EHAE (K 3),
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0O MeCHS1
MeCHS2
& MeCHS3
0 MeCHS4
B MeCHSS

a0 nC |

O aCn K

AR AR
Relative expression level

JaCuCnCn

g

WE GG WOE % FEC
ZH 21 Tissue

Bl 3 MeCHSs EAREARARAHMFFFIERIE
Fig. 3 Specific expression of MeCHS genes in
different tissues

2.3.3 MeCHSs AR FRARKE HZTE Pogk
oM TE SC8 PR G ARIIIE (0, 1.3, 5,
7d) X} MeCHS & [H 5 i i 4T qRT-PCR 43 #t
(# 4), MeCHSL, MeCHS2 1 MeCHS3 i SC8
AR e e B [B) (9 AE K R Gk B P T, Hop
MeCHS2 b FHiffE ik, MeCHSA fil MeCHS5 7&
SC8 A 25 He MR b g ik #2 v JL-F- o A2 Ak,
MeCHSL, MeCHS2 1 MeCHS3 £ 5 Ht4R PPD i

1600 - mog
B | M S 1
& 1400 - @3d
g § 12001 os5d
% 1000 - B7d
K& 800
_%3 600 -
2 400}
2 200}

0 - - L -
MeCHSI MeCHS2 MeCHS3 MeCHS4 MeCHSS5
H A Gene

Bl 4 MeCHSs TEAREHIR PPD R RIE S

Fig. 4 Expression analysisof MeECHS genes during PPD
process in cassava tuberous roots

2.4 MeCHSs g [ & i £ B 7€ {iL

WG E 231451 MeCHSI~MeCHS3 3L [H (1)
CDS X7EZ it ZHFERET 14, L SC8 il
cDNA Mt T PCR ¥4, PCR =“¥1% 1.0%
BN B e L VKR IAS B 1200 bp K/ RS 5%
i (B 5), &Xr, JaRERIGH MeCHS2 H1
MeCHS3 £ i) CDS J¥%1] 5 Phytozome A %5 3 A
H AT B —5L, 1 MeCHSL 2K ) CDS F41 5
BE PEAEAE 4 DAL, HR NS I i 1) 2R
BT H, 13X 0] GBS H AN A S8 5 b5 350 )
HER,

bp
5000
2500
1000

250

M: DL15000 DNA marker; 1: MeCHSL,; 2: MeCHS2; 3: MeCHS3.
E 5 MeCHSsH] PCR #1884 R
Fig. 5 PCR amplification result of MeCHSs

JyiE—IN MeCHS1~MeCHS3 & [ i IF.
E N, B 35S::GFP::MeCHS1~MeCHS3
R AR B SR N R A, 3 d JE OGS
T E I AR 1 om JERIN R R, RO R M4
LT & e A1 o S O Sk S e e =
ENL, GRWME 6 Fin. v efFS RN
35S::GFP::MeCHS1~MeCHS3 fli & H 48 7E
YRR, S IS A R o T 45 SR —E

Bright field Fluorescent protein Merged

35S::GFP

35S::GFP::MeCHS3 35S::GFP::MeCHS?2 35S:.GFP::MeCHS1

B 6 MeCHSI~MeCHS3 ERF A RIEE TR KM
e {9 0 20 A 7€ iL
Fig. 6 Subcellular localization of MeECHS1~ MeCHS3 in
the lower epidermal cells of Nicotiana benthamiana
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ORI SR, BIHAC I, EAA
AFP a4 E Y CHS 3t
B, T Y CHS P 5 H
Z, WmEHhA 7 A CHS P FiihA 8
AN CHS AP e A s i 5 4~ MeCHS
FEH R nr L, RE R R CHS SR 7R 40 -
fETEZESE, XAl RES AR A 3L R AL /N e W b
LA O, R AEYE B 2% MeCHS & 1 ik
fTERAE 20, K3 MeCHS1 ., MeCHS2 Fil
MeCHS3 & H #9 # b M i o R K2 5], i
MeCHS4 . MeCHSS5 7 [ 7E 8 R 1k b 25 514
K, BTFAREERA, XA MeCHA 5
MeCHSE J& [ 71 SC8 A Z 44 21 Je YAl PPD i 2
HOR AR IR A

XP AR CHS £ K G 47 26 11 0T — e 4548 Tl
W& 30, MeCHS [ A5 L) o- 382 E FI TG L
iR 32, B-55 WA X /b, X — 45 SR 5 44 CHS
A BT TE s R — 2P0 I A0 E A T R
K CHS HHEEEN TAMB A, MR
1L 7% MeCHS1, MeCHS2 Hl MeCHS E T4
s, 5 A SR ARAT , X 5 2k IrCHS
E AT E A g 8, RSP &
1 CHS S FEN TN, AE0e 0 T 40
R CHS I H A] B8 K Z 7 4l it o p i /R A, (R
AR CHS 5E PR S0 AR 03 A6 40 s v i) 43
MWAFTE—E 2R

CHS SN RIX SEE LA HE . TRk
BEEVIRR, PRI ES, HHEL
HAT ALV SR s R A NS CHS N 358
TEMFrh 25k, d B CHSL 2 R AN 2615 &
P FAE A R P, A CHS JE N B e b &
ik FH] qQRT-PCR 5 ARMF5E MeCHS KA 78 A&
R R DL AR 2R TE B, 458/ K
AR AR 2 3K ) MeCHS 24 3% MeCHSL,
MeCHS2 fll MeCHS3, H K% CHSE: 7L &
KR, R R MeCHSA fl MeCHSS 7+
K H A )RR KT BAR . MeCHSs 7EAN [A]
b Y 238 A AR ], 76 SC8 I | i i R ik i
o X SRR A ML 2L, (BB
M2, RUARFE YR CHS B F%E L7
FEARTR LA . AR AL i kKRS AR TR]

AR AR PPD Sz Hh Sk B (R AL 175 5 5 | A 1Y
JERAE T, R TAREY I i —Rh . AN 217
G R IR/ 2 E F A A S L [ Kk Bt 5 PPD

PETFE, HE MeCHS K, X 5405
MeCHS 7E SC8 HAR i 77 A [R By AR ik — 2, H
UUER MeCHS3 2L 5, MR TR B E T, %
B MeCHS3 5 KZ H Al il PPD fE 7 2 IEAHE!T,
eI A2 A AR A 37 B P 5, MeCHS 1]
a1 R R T 1 4 R S PR R SR A, T
iid ROS TR IEZAZHAR PPD 1 &L, &
L] E S AE AR E i 3K MeCHS JE R 1T #2155
AREYARWT PPD G ] o AW Ak — 2 R AT
5% MeCHS JE [ 7 A HLAR PPD 145 Y T g 24
FE SR, R AT A A S R R A —
5%,

2% 3Tk
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