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1 1.0 ul cDNA 17.5 ul ddH,0 PCR
94 Smin 35 (94 30s 62
11 (CgSSI) 53 (CqSS2) 57 (CqbdS)  30s 72
1 2016 6—10 | min) 72 10 min PCR
1520 25 3045 pEASY-TI (TransGen
—80°C Biotech) DH5a
PCR
1.2 RNA cDNA (1.3 RNA ( )
¢DNA ) 14 RT-PCR(Semi RT-PCR )
RNA (TaKaRa ) 1 15 20
RNA 1% 25 30d ¢cDNA CqGAPDH
Nanodrop RNA
RT-PCR
lug RNA (TaKaRa
) :DNA CqSS1  CqSS2 CqbAS
1.3 cDNA 3
cDNA
(CqSS1 CqSS2) Primer3 (version4.0)
B- (CgbAS) cDNA ( 1) PCR 25
DNAMAN (version 6.0 ul 10 mmol dNTP 2 mmol 10xPCR
Lynnon ) 1 25w Tag 025 ul (5 U/W) cDNA
25 ul 1 pl2.5 U/ul TransTaq® 50 ng 94°C S5min 94C
HiFi DNA Polymerase (TransGen Biotech) 2.5 pl 10x 30s 60C 30s 72°C 30s 28
TransTaq® HiFi Bufferll 1.0 pl 2.5 mmol/L dNTPs CqGAPDH 30 72°C Smin PCR
1 ul 10 mmol/L 1 pl 10 mmol/L 2%

*1 EEFEREMFEES PCRIIMIKiT

Table 1  Primers used for gene cloning and analysis of semi RT-PCR

(5'-3"
CqGAPDH-F AAGACTCCTCGATGCTAGCC
CqGAPDH-R TCTTGGTGACTTGGACGACA
CqbAS-F ATGTGGAGGTTAAAAGTTGGAGAAGGTGC
CgbAS-R TTAGGCAGAGTTGATAGAAGGTAATGAAACAC
CqSS1-F ATGGAAACTTTGTGGGAGATTTTG
CgSS1-R TTAGTTATTCTGTTGGTTGGAAGAC
CqSS2-F ATGGAAACTTTGTGGGAGAT
CqSS2-R TTAGTTATTCTGTTGGTTGGA
CqbASSemi-RT-F AATGCAGTCCGGTACCTTGA
CgbASSemi-RT-R CCCATCCACCATCCTCCTTT
CqSS1Semi-RT-F TAAGGAGCAAATCCCACCTG
CqSS1Semi-RT-R CAATTTGACATCCGCAGCTA
CqSS2Semi-RT-F GCCATCGACACTGTAGAGGA
CqSS2Semi-RT-R TTTTGCCATTCCTTCACCCG
1.5 ProtParam
DNAMAN (ORF) (http://www.expasy.org)
TRMHMM server v2.0 (http:// ExPASy
www.cbs.dtu.dk/services/ TMHMM-2.0/) SOPMA Phyre2
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Clustal W 47.4 kDa 6.32 6.50
MEGA®6.0 TMHMM CqgSS1
(maximum likelihood ML) C C 2 CqSS2
5 1 C (D
SOPMA CqSS
21 CqSSI  C4SS2 CgSS1 CqSS2 413
25 d c¢cDNA a 70.70%  70.94% B
1 242 bp 3.87% 3.63% 21.79%
CqSS1  CqSS2 413 21.07% 3.63% 4.36% oa-
CqSSI  CqSS2 ( 2A)
CgSS1  CqSs2 47.8 Phyre2 ( 2B)
1.2 ) 1.2 ®)
1.0 1.0
0.8 0.8
« 0.6 w 0.6
204 £ 04
0.2 0.2
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250
RS (aa) K:)% (aa)
PERRIX — [ — Jgh — PERIX — JiEN —
(A: CgSS1 B: CqSS2 )
1 CqSS RYBEAR X T
Fig. 1 Transmembrane domain prediction of CqSS
(A)
TR e R TRITSRR
50 100 150 200 250 300 3I50
®)
(A CgSS1 a- B (CqSSl
N a- C oa- )
2 CqSS1 EAM=HK. =KEHTAN
Fig. 2 Predicted secondary and tertiary structure of CqSS1 protein
MEGAG6.0 (Solanum nigrum)
« 3 CqSS (Withania somnifera)
(Zea mays) (Pinus 2.2 CqbAS cDNA
massoniana) (Arabidopsis thaliana) CqbAS cDNA 2 292 bp 763
( Artemisia annua ) (Populus trichocarpa)
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32 ADO22708.1 Withania somnifera
50@3857530 Solanum nigrum
100 AAD20626.1 Capsicum annuum

AABO08578.1 Nicotiana tabacum

ACRS57219.1 Salvia miltiorrhiza

. AAV588971 Centella asiatica

ACZ71037.1 Panax ginseng

AHAB84150.1 Phaseolus vulgaris

XP_002313765.1 Populus trichocarpa

AAR20329.1 Artemisia annua

AEE86403 Arabidopsis thaliana

AHI96421.1 Pinus massoniana

49

21

99 BAA22558.1 Zea mays
——— A Cgssl
100 A cgss2
—
0.05

3 BECqSS ERSHEYFLBEHEBRNAMHAURRSN

Fig. 3 Phylogenetic relationships between quinoa CqSS protein and plant squalene synthas family members

87.9 kDa 5.73 SOPMA (Pisum sativum) (Glycyrrhiza glabra)
CgbAS CgbAS (Glycine max)
a- (44.17%) (35.39%) (Aster tataricus Linn.)
(13.24%) B- (7.21%) o- (Maesa japonica)
CqgbAS 2.3 CqSS CqbAS
( 4 2.3.1 CqSS0 CqhAS HRABLRZRMERIE
(95 CgbAS ( 6) CgSSI
(Gypsophila vaccaria) CqSS1

A)

0 100 200 300 400 500 600

B)

(A CqSsl o- B CgSS1
N o C o- )

4 CqbAS EAHI-R. ZREHTN
Fig. 4 Predicted secondary and tertiary structure of CqbAS protein
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69 AHI17180.1 Glycine max
100 gu EE KHN39383.1 Glycine soja
100 ——— BAAB89815.1 Glycyrrhiza glabra
93 BAA97558.1 Pisum sativum
® CqbAS
60 100 ABK76265.1 Gypsophila vaccaria
BAE43642.1 Euphorbia tirucalli
27 sp|Q8W3ZL1.1| Betula platyphylia
48 —— BAA33461.1 Panax ginseng
100l — ADK12003.1 Aratia elata
AAX14716.1 Aster sedifolius
AHF49822.1 Maesa lanceolata
0.02
5 E% CqbAS ERSEY p-BEWBEEES NEEREM R BH LKA
Fig. 5 Phylogenetic relationships between quinoa CqbAS protein and plant f-amyrin synthase family members
CgSS2
CgbAS CqSSI  CqSS2 TMHMM
CqSS1 CgSS1 CqSS2
C-
C
[11-12]
CgSS2
C
CqSS1
C-
CqbAS
GAPDH C [13-15]
6 CqSS N CqbAS WIHLFFRMERIK
Fig. 6 Expression patterns of CgSS and CgbAS genes in different [16-18]
plant tissues (ER)
232 CgSSI  CqbAS
15 20 25 30d CqSS1
CqbAS CgSS1
7 CqSS1
z B B g Cas3t
=% =% =X =X CqSS]
o -
[10]
B7 BREFHAEREIFT R CgSSI 1 CqbAS Fik KT CqSS1
#13% E & RT-PCR
Fig. 7 Semi quantitative RT-PCR analysis of expression patterns of
CqSS1 and CgbAS in developing kernels
3
(8S) B- (bAS)
CqSS1
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4
B- (CqgSS1  CqSS2) B-
(bAS) B- (CgbAS) CqSSI  CqSS2  cDNA
1 242 bp 413 CgSS1  C
[19-22] 2 CqSS1
— CqSS2  C 1
CqbAS  cDNA 2 292 bp 763
B- CqSSI  CqbAS
763 CqSS2 CqSS1  CqbAS
CqbAS CgbAS CqSS1
CqbAS
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Gene Cloning and Express of Squalene Synthase and B-amyrin
Synthase from Chenopodium quinoa

JIANG Xiaodong', LI Xinfeng', HAO Yanping®, ZHAO Jing?, LV Jinhui’, JIA Juging', ZHANG Chunlai'"

(1 College of Agronomy, Shanxi Agricultural University; National Innovation Centre for Functional Speciality Crops; Shanxi Key
Laboratory for Arid Agriculture and Crop Ecology; Shanxi Collaboration and Innovation Centre for Efficient Production of
Speciality Crops in Loess Plateau, Taigu, Shanxi 030801, China; 2 College of Forestry, Shanxi Agricultural University, Taigu,
Shanxi 030801, China)

Abstract: To explore the molecular mechanism of saponin biosynthesis from Chenopodium quinoa, variety Chenopodium
quinoa cv. Longli 1 was used as materials, and experiment was carried out by using RT-PCR technology to identify the key
enzyme which involved in triterpenes saponin biosynthesis. Then the conserved domain, secondary structure of protein and
phylogenetic tree were analyzed by using bioinformatics methods, and organ-specific expression patterns of genes in seed, root
stem and leaf were detected by semi-quantitative RT-PCR. The expression pattern of target gene were also investigated during
seed developing period. Full-length cDNAs of CgSS1, CgSS2 and CqbAS were cloned, and gene expression results showed that
both CgSSI and CgbAS were highly expressed in leaf and seed than in other tissues, and express pattern remained in same level in
different seed developing stage. This study is the first comprehensive analysis of the expression patterns of pivotal genes for
triterpene saponin biosynthesis in Chenopodium quinoa, and provides a basis to further elucidate the molecular mechanism for the
biosynthesis of saponin.

Key words: Chenopodium quinoa; Grain develepoment; Key enzyme gene; Cloning; Semi-quantitative RT-PCR
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