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Abstract: Objective To screen the reference genes of Siraitia grosvenorii for gene expression analysis, and to study the spatio-temporal
expression characteristics of 3-hydroxy-3-methylglutaryl coenzyme A (HMGR) which was the key enzyme of mogroside V biosynthesis.
Methods In this study, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), microtubule associated protein (a-tubulin), actin
(f-actin), and ubiquitin (UBQY) fragments of S. grosvenorii were cloned, and the stabilities of the four housekeeping genes were evaluated
in different positions (leaves, stems, and fruits) and different periods of fruit development. In addition, the spatio-temporal expression of
HMGR gene was analyzed. Results UBQJ5 was the most suitable reference gene for spatio-temporal expression analysis in S. grosvenorii,
The relative expression of HMGR was low in leaves, and that in stems and fruits was higher; The relative expression quantity of HMGR in
fruits showed the fluctuation changes that increased firstly and then decreased, then increased and decreased again; The highest expression
of HMGR was at 70 d of fruit development period, followed by 5, 30, 10, and 50 d. Conclusion UBQ?5 is the most suitable reference gene
in S. grosvenorii. The relative expression of HMGR changes significantly in leaves, stems, and fruits. The relative expression quantity of
HMGR in fruits shows the fluctuation changes, which is similar to synthetic accumulation pattern of mogroside V.
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Table 1 Degenerate primers of housekeeping genes cloning

B FIIFE) (5°-3") HFr B /bp

GAPDH 1IEM 514 TGTTCGTGGTGGGCGTNAAYGARAA 461
11514 GGACACCACGTCGTCCTCNGTRTANCC

o-tubulin 1EM 514 GGAGAAGATGACCCAGATCATGTTYGARACNTT 863
K54 CCTTGGCGATCCACATCTGNTGRAANGT

P-actin 1IEM 5% CGGGCCGTGTTCATGGAY YTNGARCC 731
KI5 AAGTTGGTGGGGCACCANTCNRYRAA

UBQS5 1EM 5% GGAGGTGGAGTCCTCCGAYACNATHGA 408

S 175 4%) TGGTACACGTAGGTCAGGCCRCAYTTNCC
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Table 2 Primer sequence of quantitative PCR
2 S (5°-3) Hr BB /bp

HMGR 1E 8514 TCTTCAATCGCAGCCAACAA 243
11514 AGGACGCTATGAGGGAAACAAT

f-actin 1E 514 CTCAAAGACCAGCTCTTCAGTTGA 134
17514 TACCAGCAGCCTCCATACCAA

GAPDH 1E17 514 TGTTCACTCAATCACTGCCACC 230
11514 TTGCCTTCTTCTCCAACCTCA

UBQS5 1E 1154 ATAAAAGACCCAGCACCACATTC 234
11514 CCCTTGCCGACTACAACATCC

o-tubulin 1E[8 514 TTGTTCGTGGTATGCCTTCTC 264

S 1854 ACTGATGTTGCTGTGCTCCTC

1% 5% % Random 6 mers 5|#13:45 cDNA.
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Table 3 Partial BLAST results of housekeeping gene fragments

FHXIER P IS B E /% EfH [FIRTE /%
GAPDH HQ156465.1 # JIN Cucumis sativus 97 1.56 X107 91
FQ394406.1 W% Vitis vinifera 98 1.28%X107° 86
JQ183068.1 W R Aralia elata 97 0.126 86
o-tubulin XMO004156822.1 #JN Cucumis sativus 96 0 90
X67162.1 itk Amygdalus communis 96 0 88
FJ228477.1 MRME Betula pendula 96 0 86
[S-actin DQI115882.1 #JN Cucumis sativus 93 0 93
JF737035.1 KRG Manaifera indica 99 0 86
JF781303 F5#E Platvcodon qrandiflorum 99 0 85
UBQ5 AY372537.1 # JIN Cucumis sativus 99 1.330 90
DQ839403.1 % Morus bombvcis 99 0.125 88
AF386524.1 riipa el Pyrus communis 99 0.125 88
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Table 4 Standard curve parameters, amplification efficiency, and solution temperature of housekeeping genes

SN K CHES HIEREL YHE % VRIS ME / °C
GAPDH ~3.262 0.999 102.599 84.624
B-actin ~3.298 0.996 101.021 83.568
UBQS5 ~3.262 0.998 102.568 85.930
a-tubulin ~3.438 1.000 95.382 84.900

x5 MhA. ERLERER CEREETHE

Table 5 C, and average melting temperature of housekeeping genes in leaves, stems, and fruits

T C, VI VRSP IME /C

)y = R sl = R
GAPDH 21.551 19.932 21.521 84.507 84.630 84.94
B-actin 28.766 27.862 27.665 83.830 83.703 83.83
UBQS 23.346 21.771 21.659 85.860 85.670 86.04
a-tubulin 27.757 22.322 23.100 84.690 84.630 85.18

=6
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Table 6 C;and average melting temperature of housekeeping genes in different development periods of fruits

S Sk C T IR 3{E / °C

5d 10d 30d 50d 70d 5d 10d 30d 50d 70d
GAPDH 21.035 24.079 24.633 25.337 32.821 84.640  84.520 84.333 84.640 84.333
p-actin 27.144 29.735 33.684 34.480 36.653 83.450  83.480 83.390 83.540 82.900
UBQ5 20.922 23.105 24.943 26.286 33.309 85.920  86.040 85.737 85.980 85.737
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Fig.2 Stability analysis of four (A) / three (B) housekeeping genes

BEMEHIR, 2ZJ5E GAPDH 1 a-tubulin. KW
SRR —ANEH TP PO, RS RE
RPN SER, ST a-tubulin F1F8E HERAK,
MATHFRILREFEROEEINT . 3 MEX
TR ZEG T Wor UBQS ke thdsmi, B-actin [
Fee A (B 2-B).,

RIARF RGN, GAPDH. B-actin F! UBQS
RIERE Mg BRI 3. S5HAb 3 MEFAFE,
BestKeeper [/ T4 B 7R, GAPDH Fae M,
UBQS o MEwAK, f-actin WREMAT —F 2 1A,
Delta CT. Normfinder fl Genorm 73 #7 .78 UBQ5 #2
SEVESRE, HKE GAPDH, FasE MERARI A B-actin.
2.4 HMGR W= FRIiEHHh

HMGR J:IH5E & PCR 4 HbRitE M 421K A i
-3.097, MIEFE%0.998, Bt TEHEH N . 58

A 109.321, 5 GAPDH #1 UBQS W WAL Ay

ARG (5. 10, 30, 50, 70 d) (A8
1185 °C, PCR Y IFF R IERLF . HMGR r=¥)ws
fift 55 UBQS Wi I bl

AWFFCKH UBQS 1A WS IE, 438 HMGR
(B TEML (B 4) e HMGR A5 AR 205 5
i, ZErfdpm, Rk ZERAsh HMGR (1)
XS RIS S T h ks . B RE R

207 A 25 B
1.5 = 2.0

T 1.5

ke

HMGR *ﬁzﬁéi&i
S 5

a0

10d 30d 50d 70d

(=}

B

nf S
4 M. E. R A) MRELEXERE (B)
HMGR FixrZ
Fig.4 Expression change of HMGR gene in leaves, stems, fruits

(A) and different fruit development periods (B)
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