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FIHI A A 1 # F7 AL (Thermo Fisher) #1150 3AE
M B I P DKORS I B RINA ) 9 8 T & 5 1) ] TaKa-
Ra /> A J2 5% 533857 & (PrimeScript ™ TR reagent Kit
with gDNA Eraser) #4755, & B cDNA 55 14 .
1.3 EERE

R4 HpGST £:F 741, di ] Prism 5.0 A< s 4% 4
Wit el (& D . M PrimeSTAR HS
DNA Polymerase (TaKaRa, K% ) & {4 £ i 9F 17

PCR §"34 , PCR LW 451y : 98 “CAEME 10 5,61 “CiR
k30,72 CHEAH 1 min, 30 G 5 72 “CHEAH 10
min; 4 ‘CLRAF . 7R 10 pL A& &, 6145 5 pL
PrimerSTAR Buffer, 3.5 pl. ddH,0. 0.5 pL iE A 5]
$1.0.5 pL K2 [0 514 .0.5 ul. cDNA R . P91 1%
TN I F VR I /S, E Y R B RIS 5 Blunt
L AR BT AL R AT R Rz v, 16 A TR
Yy TR (1) Bedn A3 BR S WY o
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Table 1

Primers used for HpGST gene cloning in pitaya fruit

5| ¥4 FK Primer name

B1#731(5'-3") Primer sequence(5'-3")

Hi& Usage

HpGST-F CGGAATCCAGAAACCCGTGTG
HpGST-R GCAACACTCAAGGCGTTAGCT
qHpGST-F TGCTGATTCACAACAACCGTCCG
qHpGST-R TGCCTCCTGCTCTTCACCCT
ACTION-2-F TCCCGAAGAGCACCCAGTTT
ACTION-2-R ATGGCATGAGGAAGGGCATA

HpGSTHIH cDNA ¥4
Amplification of HpGST gene cDNA

HHRIL

Analysis of gene expression

MEEEH
Reference gene

14 EEEYMERESW

A 36 [ [ 22 AR M) HOR AR 2.0 (National Cen-
ter for Biotechnology Information, NCBI) #4174 2
FNV LR Fr 51 Hexk S AR~ 45 K9 38000 4 J MEGA
8.0 B F#y 7 & 48 & B M 5 1l /] Expasy (https://
www.expasy.org/resources/protparam ) £££8 53 4K {4
TN £ 15T A PR R B R B K 1 s TMHMM Serv-
er2.0(https://services.healthtech.dtu.dk/service.php?
TMHMM-2.0) 76 LB A 53 B 85 11 J52 A4 55 S 4 Fg 5
féfi FH Cell-PLoc 2 (http://www.csbio.sjtu.edu.cn/bio-
inf/Cell-PLoc-2/) Tl & 1 5t 49 . 41 5 {37, GOR4
(https://npsa-prabi. ibcp. fr/cgi-bin/secpred _gor. pl)
FoIN A 1 BT R
1.5 RT-PCR#1f

HRAE 2 27 i 76 DR A A FiT 30 4045 9 okl SR e s 4
B i HpGST R 1T 91, 81T 98t 5514
qHpGST-F M qHpGST-R(#£ 1), LL ACTION-2 } P
Z 0 BB H R 519 ACTION-2-F \LACTION
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S I 1 I T R . YRR AR IBOR
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YERETT 4351 K 538,470 nm AL 5 FHTE 4T 2 A
FHSR B R WO REIF 3 5 i

2 FERESH

21 HpGSTERERESEWERFENN

W $2 A kB BB RNA 5 315 ke
cDNA, LUK e cDNA fsihi , #5149 HPGST-F
M HPGST-R(£ 1) ¥ #7453 5] 1 4% 500~900 bp 9 +#
St 4 o FFH ExPaSy-Protparam #lill HpGST #
FI43F i 2.5 ku, HUS S S 7.02, gkt 5
PRt & T 20 Fhviy WA LR . bl e & it f s
KEN10%. 310 Cr193H1834N50401526570 HHAAE
ERECN 4446, 8 TARESRH . FIH TMHMM-
2.0 AT B L R 3, 2 IR S ELA B TR 45 F 3
I FEAE RS R AR . R AE LR 53 BT R Cell-
PLoc 2.0 4382 A A 47, A B BE D 32 2
L T4 . A FH ExPASy B9 ProtScale 2 7 4347 &
T B HpGST &bty 35 11 5 K M RS K, 25 08 s
R A E TR KR . 38 GOR 4 7EZ 5 Frdk
3%+ HpGST 8 A T g A 10, Hov o- 18058
TR Y Fe B 5 R 33.94 %6, AN LI 5 ik BT o e A9
R 46.15%  AEAREE T &7 U5 19.91 % (1 1) .

fdi FH NCBI ) CDD 7E £k 53 Bt #1144} HpGST itk
T8 B AR ST &5 A 3l i, &5 5 (& 2) o iz sk
i & A GST _N_Tau F1 GST_C_Tau Y {5
SERYIR B 1A ORSF A R I 5 6~80 4N R FL TR 2 [H]
() T4 SERR AL, 575 2 RSP S5 R i 56 91~214
IR Z A (1 123 DR FEFR LA, R % i 2
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Fig. 1 Prediction analysis of secondary structure of HpGST protein
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C-terminal
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omain interface
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Superfanilies
[[Search for similar domain architectures | @ [Refine search | @

Name Accession Description Interval E-value

[+ GST_C _Tau cd03185 C-terminal, alpha helical domain of Class Tau Gl i S 91-214 2.20e-59
[+] GST_N_Tau cd03058 GST_N family, Class Tau subfamily; GSTs are cytosolic dimeric proteins |nvolved in cellular 6-80 3.13e-45
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Fig. 2 Conserved domain analysis of HpGST in pitaya
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G XTI A R G A (1 3) o S5 R« SO R
HpGST #& 11 5 # & (XP_021720754.1. XP_
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2.2 HpGSTHIRIES

FIH qRT-PCR 4 #r HpGST 78 K o A [R] 46,1
FA AN AR B WA T R IA T O, RIA 2,
(FE5A) BoR 75 R A ST iRk EIH & T
Th, 2 S3 A A S2 AR R 9.96 1%, By I
HUE 5.54 £ . 1T AR BB SA R B A B E T
Th, Ak BBk RRAL, hAh, SR ke R 3 A
FR AR Tl R KOS s 58 IR OISR S4 IRk
IR S3HFRIA Y 3.32 5 HL# 22 Bk, S5k
R SAWFIA Y 3. 80 HH 2 F I rrﬁ%‘
N KO SR SA 33 ik 2 S3 R IR Y 1.37 4%,
T2 AN L, S5 FRIA R SA RN Y 12.01%
Ho 2/ A 22 5 g 2 R s D P A v 3k )
4352 0.99 F110.48 HE A K .
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100

71

XP021715455.1 probable glutathione S-transferase Chenopodium quinoa

XP 021715456.1 probable glutathione S-transferase Chenopodium quinoa

XP021720754.1 probable glutathione S-transferase Chenopodium quinoa

XP021746029.1 probable glutathione S-transferase Chenopodium quinoa

XP010694823.1 PREDICTED: probable glutathione S-transferase Beta vulgaris subsp. vulgaris

56 |— XP021839481.1 probable glutathione S-transferase Spinacia oleracea

100|XP 021866921.1 probable glutathione S-transferase Spinacia oleracea

HpGSTs

KAH9622990.1 hypothetical protein KSS87 023091 Heliosperma pusillum

XP 030962812.1 probable glutathione S-transferase parC Quercus lobata

90 KAG5106773.1 hypothetical protein JHK82 043743 Glycine max
88

XP 004488707.1 probable glutathione S-transferase Cicer arietinum

98 XP028752413.1 probable glutathione S-transferase Prosopis alba

100! XP028752392.1 probable glutathione S-transferase parC Prosopis alba

71 XP028752391.1 probable glutathione S-transferase parC Prosopis alba

99L_ XP028804542.1 probable glutathione S-transferase parC Prosopis alba

—_
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B 3 HpGSTS5H i GST REERF T RS LT
Fig. 3 The phylogenetic tree analysis of GST amino acid sequences of HpGST and that of other species
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ST S, S5-S6 2% S B (H R K 5 i
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RO EES SSERP EREEM AN 7504, A
PR 9.68 £ 1T S4 J X 7 1Y) 2 5 40 il 02 16.47 % 1
20.29 % . S5 WHXF I Y 22 5 43 il S 17.52 4% 1 24.82
% . S6 A X #Y 25 55 43 i) & 15.04 4% A 34.00 1% .
RN S3HAFF fy , AN [ 00338 28 TR0 5 o ¢l 2R v i S
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HPGSTS

B2 Chenopodium quinoa [ XP 021720754.1]

HA Chenopodium quinoa [XP 021715456.1]

H# Chenopodium quinoa [XP 021746029.1]

HEE Rl Beta vulgaris subsp. vulgaris [XP 010694823.1]
s Spinacia oleracea [XP 021866921.1]

W3¢ Spinacia oleracea [XP 021839481.1]

H A Chenopodium quinoa [XP 021715455.1]

HPGSTS

A Chenopodium quinoa [XP 021720754.1]

Hi A Chenopodium quinoa [XP 021715456.1]

HEH Chenopodium quinoa [XP 021746029.1]

B2 R Beta vulgaris subsp. vulgaris [XP 010694823.1]
3% Spinacia oleracea [XP 021866921.1]

W3 Spinacia oleracea [XP 021839481.1]

HEH Chenopodium quinoa [XP 021715455.1]

HPGSTS

HA Chenopodium quinoa [XP 021720754.1]

4 Chenopodium quinoa [XP 021715456.1]

4 Chenopodium quinoa [XP 021746029.1]

Ak Beta vulgaris subsp. vulgaris [XP 010694823.1]
W3 Spinacia oleracea [XP 021866921.1]

W3 Spinacia oleracea [XP 021839481.1]

HA& Chenopodium quinoa | XP 021715455.1]

HPGSTS
A Chenopodium quinoa [XP 021720754.1]

A Chenopodium quinoa [XP 021715456.1]

A Chenopodium quinoa [XP 021746029.1]

FSEW P Beta vulgaris subsp. vulgaris [XP 010694823.1]
3% Spinacia oleracea [XP 021866921.1]

3% Spinacia oleracea [XP 021839481.1]

B A Chenopodium quinoa [XP 021715455.1]

HPGSTS

i Chenopodium quinoa [XP 021720754.1]

A Chenopodium quinoa [XP 021715456.1]

4 Chenopodium quinoa [XP 021746029.1]

HEFh Beta vulgaris subsp. vulgaris [XP 010694823.1]
W3 Spinacia oleracea [XP 021866921.1]

W3 Spinacia oleracea[XP 021839481.1]

HH# Chenopodium quinoa [XP 021715455.1]

HPGSTS

A Chenopodium quinoa [XP 021720754.1]

A Chenopodium quinoa [XP 021715456.1]

A Chenopodium quinoa [XP 021746029.1]

SR Ab Beta vulgaris subsp. vulgaris [XP 010694823.1]
W3 Spinacia oleracea [XP 021866921.1]

W3 Spinacia oleracea [XP 021839481.1]

HH Chenopodium quinoa [XP 021715455.1]
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FR T [ R 60%6~70% , F A 38 2R 3 3 [ P4 <50 % . Different color regions show different levels of identity : dark blue in ami-
no acid sequences indicates 100% sequence homology, pink indicates 80%-90% sequence homology, light blue indicates 60%-70% sequence

homology, and white regions indicate <<50% sequence homology.
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Fig. 4 Alignment of HpGST protein sequences of Hylocereus and GSTs protein sequences of other plants
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YL A SR HpGST HE PR s K33k o#r 39

mE R Purple flesh @ #5 A Pink flesh

LS O [ A White flesh
150 1 &
1
100 1
b
i ot

FIXT ik i Relative expression

200 W4 A Purple flesh @3 # A Pink flesh
O A White flesh

150 a
a

iﬁ
b

b
5 S6

HHXFF A 5 Relative expression

KB Development stage
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AR 9 R 35 Bt Expression levels in different perios; B. A [] 8,7 25 7 5L 4 v (1) 32 35 5t Expression levels in different color types of
flesh, [A]—MfAARR/ING FEREFR R 22 7 B3 (P<<0.05). FAl. Different lower-case letters in the same period indicate significant difference

(P <<0.05).The ame as follows.
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Fig. 5 Relative expression level of HoGST gene in Hylocereus
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mE R Purple flesh B #; (A Pink flesh
O A White flesh

TR E S R/ (mg/g)
BPtd(ydnln(ontent

KB Development stage
A [R) B TR SR 1 % % & Betacyanin content at different periods; B : AN ] {43 28 5 S A Fif 32 41 % & & Betacyanin content in different

color types of flesh.

B
25r mENR Purple flesh @ ¥y 1Al Pink flesh

20k O [ A White flesh 5

I5F
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ZL1 i/ (mglg)

Betacyanin content
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S
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S1 52 83 S4 S5 S6
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Fig. 6 Variation of betacyanin content in different Hylocereus cultivars at different development stages
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Fig.7 Variation of betaxanthin content in different varieties of Hylocereus at different development stages
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Cloning and expression of HpGST gene in Hylocereus

TU Kai, WEN Xiaopeng,ZHANG Huimin, SHEN Luonan

The Key Laboratory of Plant Resource Conservation and Germplasm Innovation in Mountainous
Region(Ministry of Education )/ Institute of Agro-bioengineering/College of Life Sciences,
Guizhou University, Guiyang 550025, China

Abstract The cDNA sequence of HpGST gene was cloned, and bioinformatics analysis and expres-
sion analysis of it were carried out to study the function of glutathione S-transferase gene (HpGST) in Hy-
locereus. The results showed that the cDNA sequence of HpGST was 666 bp in length, encoding 221 amino
acids. The encoded protein belonged to non-secretory unstable hydrophilic protein, and its subcellular local-
ization predicted its role in the cytoplasm.The phylogenetic tree shows that it is closely related to Chenopo-
dium quinoa, and belongs to the Tau family of glutathione transferases. The results of real-time fluorescent
quantitative PCR analysis showed that HpGST was expressed in the flesh of different color types of Hylo-
cereuss. The expression levels of HpGST in purple and pink flesh of Hylocereuss with pigment accumulation
were significantly higher than those in white flesh types without pigment accumulation. The expression trend
was first increased and then decreased with the development of fruit.Its expression level was positively cor-
related with content of betaine , and the expression trend in different varieties is highly consistent with the ac-
cumulation trend of betaine.lIt is indicated that HpGST gene plays an important role in the synthesis and dis-
tribution of betaine in Hylocereus.
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