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Table 1- Accession number of asteraceae’s chalcone synthase gene family in NCBI.

o\.:f r\: ualﬁ e d e,b...'z
Plant name Accession No.
Gerbera hybridal Z38098
Gerbera hybrida 2 Z38096
Callistephus chinensis Z67988
Chrysanthemum x morifolium DQ521272
Fl F2
- ——
o o
R2 R1

S 0 05 555 055 sl ST Camdge usled Sl -1 S
Figure 1- Schematic presentation of the degenerate primers positions on chalcone

synthase gene.
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Table 2- Details of designed primers.

ijl_&j (‘t’ g <3 sles BB
X Melting GC
Primer name Sequence tempreture [%]
Degenerate Forward Primerl (F1) GYGTHTAYCAAGCBGATTATCC 55-66.4'C 48.9
Degenerate Forward Primer2 (F2) CCMAAATCMAARATCACCCACC 52.4-64.8C 50.3
Degenerate Reverse Primerl (R1) ACCCCANTCYAAMCCTTCWCCG 64.9-72.4C 48.5
Degenerate Reverse Primer2 (R2) GYTTRARCTCMACCTGRTCCAG 54.3-69.2°C 51.4
Memberl Specific Forward
Primer 1 (CHS1 F1) TTCTCGTGTTCTTGTG 46 43.8
Memberl Specific Reverse Primer
1 (CHS1R1) GTTCTTTGAAATCAAC 42 31.2
Memberl Specific Forward
Primer 2 (CHS1 F2) AGGGTTCTCGTGTTCTTGTG 60 50
Memberl Specific Reverse Primer
2 (CHS1R2) CCTCTGAGTCTGGTAAGATGG 64 52.4
Memberl Specific Forward
Primer 3 (CHS1 F3) CCTGACTTGAAGACAGAGAGG 64 52.4
Memberl Specific Reverse Primer
3 (CHS1 R3) GGAAAGTAACCGCTGTGATC 60 50
Member2 Specific Forward
Primer 1 (CHS2 F1) TTGTTTGCTCAGAAAG 44 37.5
Member2 Specific Reverse Primer
1 (CHS2 R1) AGTAAGTTCCAATCAC 44 37.5
Member2 Specific Forward
Primer 2(CHS2 F2) ATGTACCAACAAGGGTGCTCG 64 52.4
Member2 Specific Reverse Primer
2 (CHS2 R2) CCTTCCTCCCTCAAGTGTAAC 64 52.4
Member2 Specific Forward
Primer 3 (CHS2 F3) GGTTCAGACCCTGAGTTCTCC 66 57.1
Member2 Specific Reverse Primer G AGTGAGTCAAGATGGTTC 62 47.6

3 (CHS2 R3)

F2R2

F2R1 F1R2

F1R1

.
oadlx

A) A \
S il e

4 . A )
oadlx S

f .
oadlx

o555 ST a4 5l eslinal b ki 04> 05 PCR oY gaasus )45 200 J5 -2 IS
Figure 2- Gel electrophoresis of Chalcone synthase gene PCR products by 4 degenerate

primers.
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Figure 3- Gel electrophoresis of RACE. A- 3'RACE: 1) amplified fragment by CHS1F2
and AUAP primers in member 1, 2) amplified fragments by CHS2F2 and AUAP

primers in member 2, 3) DNA100 bp molecular marker. B- 5 RACE: 1) amplified

fragment by CHS1R2 and AAP primers in member 1, 2) amplified fragments by
CHS2R2 and AAP primers in member 2, 3 and 4) DNA10O bp molecular marker, 5)
nested PCR product by CHS1R3 and AAP in member 1, 6) nested PCR product by
CHS2R3 and AAP in member 2.
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(A) il
SmCHS3 (Silybum
SmCHSL1 (F1R2) SmCHS2 (F2R1) marianum)
0l 55 g el sl sl
o WA | s | WSS | L, | S| e
Chalcone synthase Ol gean Similarity SLiser | Similarity Ol span alis
of covered of covered covered BPs | ity%
BPs BPs
SmCS1 (861 bps)
SmC 2 (747 bps)
SmC 83 (1406 bps)
Gerbera hybrida 1
(1381 bps) 861 79 747 73 All 76
Gerbera hybrida 2
(1428 bps) 861 83 747 71 All 80
Callistephus
chinensis (1419 861 84 747 72 All 81
bps)
Chrysanthemum x
morifolium (1416 861 83 747 72 All 80
bps)
Chrysanthemum
indicum (828 bps) 667 79 747 72 837 79
Chrysanthemum
vestitum (828 bps) 667 79 747 72 837 79
Chrysanthemum
lavandulifolium(82 667 79 747 72 837 79
8bps)
Chrysanthemum
nankingense (828 667 78 747 71 837 78
bps)
Helianthus annuus
(1336 bps) 848 70 747 62 1311 64
Petasites fragrans
(515 bps) 515 83 515 69 515 83
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Chalcone synthase
protein names

SmCHS1 (286 aa)

SMCHS3 (Silybum
SMCHS1 (F1R2) SMCHS2 (F2R1) marianum)
sldss PR A RN WP sl PR A SR WP sl PR A SR WP
RIAREN Similarity RIAREN Similarity RIAREN Similarity
ol % ol % ol %
Ol o Ol oo Ol san
Numbers Numbers Numbers
of of of
covered covered covered
Amino Amino Amino
acid acid acid

SMCHS2 (249 aa) 197 70
SMCHS3 (412 aa) 286 98 249 71
Gerbera hybrida 1
(403 aa) 286 90 249 71 All 83
Gerbera hybrida 2
(398 aa) 286 90 249 71 All 86
Callistephus
chinensis(398 aa) 286 94 249 72 All 88
Chrysanthemum x
morifolium (397 aa) | 2%° 93 249 73 All 88
Chrysanthemum
indicum (276 aa) 222 90 249 70 279 89
Chrysanthemum
vestitum (276 aa) 222 o1 249 70 279 90
Chrysanthemum
lavandulifolium 222 91 249 69 279 89
(276 aa)
Chrysanthemum
nankingense (276 222 90 249 69 279 89
aa)
Helianthus annuus
(368 aa) 283 83 249 66 368 73
Petasites fragrans
(171 aa) 171 94 171 71 171 93

Table 3- Numbers of covered nucleotide, amino acid and similarity percent between 3
members of silybum marianum chalcone synthase and asteraceae Family. A- numbers of
covered nucleotide and similarity, B- numbers of covered amino acid and similarity
(only Gerbera hybrida, Callistephus chinensis and Chrysanthemum x morifolium had

complete gene and amino acid sequences therefore they used to draw trees).
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Figure 4- A- Phylogenetic tree of chalcone synthase gene in asteraceae (Gerbera

hybrida 1 and 2 are different member of chalcone synthase in this plant). B-
Phylogenetic tree of chalcone synthase protein in asteraceae.
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Abstract

Silymarin is a flavonoid compound derived from milk thistle plant (Silybum marianum)
seeds comprising several pharmacological applications. chalcone synthase (CHS) is a key
enzyme in the biosynthesis of flavonoids, thereby identification of CHS gene in milk thistle
plant can be of great importance. Seeking that, the available sequences of CHS genes from
different plants collected, aligned and the conserved regions detected. Then, 4 degenerate
primers designed based on the CHS consensus sequences. The fragments of CHS genes from
Borazjans native genotype and Majars modified genotype were amplified by polymerase
chain reaction and then, cloned and sequenced. Analysis of the resultant nucleotide and
deduced amino acid sequences lead to identification of two different members of CHS gene
family from Silybum marianum. 6 specific primers were designed based on the diverged
regions of each member for amplification of related cDNA from majars total RNA in the
RACE system. Amplified fragment of cDNA in 3'RACE and 5RACE were cloned and
sequenced. Full length cDNA was identified by overlapping the 3'RACE and 5'RACE
sequences of member 1 whose open reading frame contains 1239 bp including exon 1 (190
bp) and exon 2 (1049 bp) encoding 63 and 349 amino acid residues, respectively. Altogether,
analysis of the resulting nucleotide and deduced amino acid sequences lead to identification
of three different members of chalcone synthase from Silybum marianum containing the
conserved chalcone synthase C-terminal and N-terminal domains.

Key words: Chalcone synthase, Silypbum marianum, Cloning, RACE, Sequencing.
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