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Abstract: Phytochelatin synthase (PCS) is a key enzyme that catalyzes the synthesis of phytochelatin (PC). PC can re-
duce the toxicity of heavy metals to plants through complexation. Heavy metal pollution in soil increases the risk of
cassava food safety. It is of great significance to study the reduction and control of heavy metals in cassava by analyzing
the function of MePCSL gene. In this study, the coding region of MePCS1 gene in cassava variety SC8 was cloned by
PCR. The full length was 1512 bp, encoding 503 amino acids. Protein sequence analysis showed that MePCS1 protein
was a hydrophilic protein, containing 41 phosphorylation sites and 2 glycosylation sites, without signal peptide. The
phylogenetic tree showed that the cassava MePCS1 protein had the closest relationship with the PCS protein of the
rubber tree. The qPCR analysis showed that the MePCS1 gene had the highest expression level in the stem. During the
development of cassava roots, the expression level of MePCS1 gene was the highest in the root enlargement period. Lead
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(Pb) stress induced MePCSL1 gene expression. MePCS1 gene can improve the tolerance of BY4741 yeast to Pb. The re-
sults of this study provide new information for further analysis of the functional characteristics of the MePCSL gene and

its mechanism for reducing Pb in cassava tuber roots.
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Tab. 1 Primers used in this study
5|94 ¥R Primer name 51975 (5'-3") Primer sequence (5'~3") JH# Usage
MePCS1-F/R F: ATGGCAATGGCTGGATTGTACC MePCS1 #:H i e

R: AAGTCCTAGGCGAGAGGTGCAC
F: AATATACCTCTATACTTTAACGTC

PYES2-#:ll-F/R
PYES2- Detection -F/R
PYES2-MePCS1-F/R

R: GCGTGAATGTAAGCGTGAC

F: TTGGTACCGAGCTCGGATCCATGGCAATGGCTGGATTGTA

ferad 5 14

T R A

R: GATGGATATCTGCAGAATTCGGCGAGAGGTGCACCAAGAT

MePCS1-qPCR-F/R F: GGGCAGCACAGAGGGTTTAT

R: GAGAAAGGAAGGCTGGCTGT

Tubulin-F/R F: ATGCGGTTCTTGATGTTGTTC

R: TCGGTGAAGGGAATACAGAGA

MePCS1 &

R 2 KE MePCS1ELELERS TG

Tab. 2 Software of physical and chemical properties
analysis of MePCS1 protein

LR (ks it
Software name Website Function
ExPASy https://web.expasy.org/protp  FLASEAL M T 43 B
aram/
SignalP http://www.cbs.dtu.dk/servic {Z-5- ik 15 i 43 Hr
es/SignalP/
NetPhos https://services.healthtech.dtu 5 & {457 55 40 7

.dk/service.php?NetPhos-3.1

NetNGlyc  http://www.cbs.dtu.dk/servic i Ak (7 & 20 Hr
es/NetNGlyc/
Protscale https://web.expasy.org/protsc 3% i /K 4 Tl 43 #r
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BT
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Fig. 1 PCR amplification of MePCSL gene
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KAB2057009.1 [Gossypium barbadense]
Consensus
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KAIS566116.1 [Populus trichocarpa)
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CERSVELVSGTVVIGS IGM{PAGNCVLTARLLLALP! 503
CERPTTLVSG-VVLG IGMY PAGNCVLTRLLLALP! 503
EEK:-VILVSGTVVNG~ MY PAGNCVITALLLALPP! TWSGIKECKL SCE 17 SLVSTCNLE LLQEEVLHLRRQL 503
LDKPITLVSGTVVLGH IGMY PAGNDVLTALLLALPPETWSGIKEEKLLOE I H-LVSSENLETLLCEEVLHLRROL 494
IGMY PASNCVLT vLLE - "LEPr TWSGIKCNKLL 1 E1 503

IGMHPASNDVLTALLLSLE TKTWSGIRDKELLOET: TLECEEVIHIRR. . ... ...... 480

RMYPAGNCVLTALLLALEPETWSGIKCEKLLCE T TLVSTE / LEVMLCEEVLHLRROL ' LERRCCENR . 503

1GMHPAGNCVLTALLLALPF ' TWSGIKCEKLLCE 17 » LVSTEHLE | LLCEEVLHLRRCLHLLKRCCENR . 503

GCKPITLISGTVVL IGMHPAGNCVLTALLLALPP TWSGIKCEKLLCE I~ LVSTEHLE T LLOEEVLHIRRCLHLIKRCCENK 503
GCKPLTVVCGTVUNG: “LVSTEXLET LLGEEVLHIRRGLHLLKRCGEN! 506
GCKPVTLVSATVVL LVSTE( LETLLCEEVLHIRRCLHI LKRCCENT 501
SDKPVTLVSGTVVNGS LV TTENLETLLOEEVLHIRRCLHI LRRCCENT 512
GDKPITLVSGTVN LVSTENLET LLGEEVILHIRRGLHLLKKCGENK 505
GEKLITLVSGTVVNGS: LLSTENLETLLOEEVIHIRRCLHLLKKCOENK 505
........................... 342

LVSTENLE [ LLOEEVLHIRRGLHLIKKCGENK . 505
.................................................................................................................................. 337

B2 KZE MePCSLE5HMFAE PCSREBFFFIxTtL

Fig. 2 Amino acid sequence comparison of cassava MePCS1 with PCS proteins of other species
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Hevea brasiliensis (XP 021678313.2) i
Jatropha curcas (XP 012085275.1) BRI
Ricinus cc nis (XP 015581239.2) Bk
Triadica sebifera (ARV78463.1) 4
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Mangifera indica (XP 044491381.1) T- 5
82 Corchorus olitorius (OMP11136.1) K H-#5 bk
Herrania umbratica (XP 021281249.1) Sx{F2E
Hibiscus syriacus (XP 039005780.1) K4
61 Gossypium barbadense (KAB2057009.1) #i £

3 /KZE MePCS1 5Hh¥# PCSEHW

R o

Fig. 3 Phylogenetic tree analysis of cassava MePCS1
protein and PCS proteins of other species

2.4 MePCS1 EE# SC8 AEFHHIRIEER
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24.1 MePCSL AW ERFI AL % E 6 FAAX
S RO E B PCR AR MePCSL K& A
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—
W

—_

(=]
T
)

AHNFik R Relative expression
W

b
b b
L™ Bl
R AR ZE M REGE Bt TEEORGE

ZH 2 Tissue

AFRVNE PRI IR ZE R B E (P<0.05),
Different lowercase letters indicate significant difference (P<0.05).

B 4 MePCSl ERRAMAHARARRIES
Fig. 4 Tissue-specific analysis of MePCSL1 gene expression

242 MePCSL & H3RARK FH AR oF 269 f ik A2
Ko pr  HeT 9280 2 B A PR e B A [m] i 40 %

SEAEE, M MePCSL 2[R 7E B il v i) 26 A
. 45 R, MePCSL JE [H = B AE HAR i K ( Fh
FJA Y 130, 180 d) Uik s iy, 7ERLABARIN
(A A 230, 280 d) FOERARRAR (& 5),

6r-
bc
C
80 130 180 230 280

FFAERT ] Planting time/d
ARVNE FRFRRZF B E (P<0.05),

Different lowercase letters indicate significant difference (P<0.05).
5 MePCSLERAEAZRREFHIRIESM
Fig. 5 Expression analysis of MePCSL1 gene in cassava
tuber root development
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25 MePCS1 R Pb BhHBEHTRIAKE
ST

FTHRGE MePCSL K A X P [l (1)1
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Tk, GER LI, MePCSL 3 [K b s i 1 76
Po> it , 3 h BYFAE B S T R4, HAE 6
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ik W EREL (& 6). 5K MePCSL 3t
2 5 KRB Po> 38 (1w v .

g 25
% O BAbE
= L a —_
% 2.0 . b kb
2 15t
% cC C c .
H;ﬂ 1.0 F d .
g@ 05} ¢ g d
L T
Z 0

0 3 6 12 24 48

AbFERT ] Treatment time/h

AR/NGFRERIR 22 52 3 (P<0.05),
Different lowercase letters indicate significant difference (P<0.05).

E 6 MePCSLEREZE Po? BB & B TRIENIT

Fig. 6 Expression analysis of MePCSL gene under
Pb?'stress conditions
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2.6 MePCS1 & F Ihaeneir

2.6.1 MePCSl AR ey kL HAEME HT
K5 UF MePCSL JE K 1 TifE, Af5Eilid PCR K
A3k G I N G i X Hism (| 7A ), I
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A: PCR amplification of splice MePCSL gene; B: Transformation of pYES2-MePCS1 recombinant plasmid into Escherichia coli;
C: Transformation of pYES2-MePCS1 recombinant plasmid into yeast; M: DL2000 DNA marker.
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Fig. 7 Construction of yeast expression vector of MePCSL gene
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Fig. 8 Functional validation of MePCS1 gene in yeast
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