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Analysis of expressed sequence tags ( EST) from
Panax quinquefolium root
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Abstract; To investigate the profile of gene expression in American ginseng ( Panax quinquefolium
L. ) and discover its functional genes, for the first time, expressed sequence tags (EST) library of four-
year-old American ginseng roots has been established. According to BLAST and Gene Ontology analysis,
eleven genes, encoding cytochrome P450, glucosyliransferase, farnesyliransferase and cyclase family
protein, are found to be associated with ginsenosides biosynthesis. Six other genes are obtained encoding
auxin-regulated protein, auxin response factor 4 and auxin-repressed protein in the roots of American
ginseng. In addition, thirteen expressed transcripts are stress-connected proteins and twelve expressed
other transcripts are closely related to plant defense in four-year-old American ginseng roots. Furthermore,
62 genes no hit in BLAST and in Interproscan may be new genes. These results indicate EST is an useful
tool for research on functional genomics of P. quinquefolium and it can be applied to the molecular
modification of the ginsenosides biosynthetic pathway ultimately for improving the quality of American
ginseng germplasm.
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Figore 1 Total RNA extracted from the four-year-old
American ginseng roots
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Figure 2 Approximately 74. 5% of the 914 unigenes
was hit to nr library, whereas 1. 8% of unigenes was
hit to nt library and 23. 7% of unigenes did not show
significant sequence similarity to any genes in GenBank
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Table 1

library and redundancy level of ESTs

American ginseng 4-year-old root ¢cDNA

lus) , FEN i & 1372 (establishment of localization) , &
B 13 (developmental process) , 1 (localization ) ,

Descriptive category No. of ESTs % ék%iﬁ_'ﬁ( biological regulation) . Fﬁiﬁﬂliﬂ‘_ﬁ(metabohc
Total ¢cDNAs sequenced 1 069 100.0 pI‘OCCSS) s éﬁ}ﬂﬂl‘rj‘_ﬂ( cellular pI‘OCCSS) 7 %Bﬁo %jﬁ
Average len, 416 b T
) T, WTIRERRA TR binding #Y, i 33%,
’ 2 ¥ )
Unassembled ( singletons ) 841 78.7 ﬁﬁ'&%ﬁ’%lﬁﬁb ':P E‘J%'f’tﬁ ﬁﬂi%%ﬁﬂ ':P E‘J'fﬁ
Redundant 155 165 LR, A4 23.4% F2L 1%, X—5RER
Uni mbled + clustered 914 85.5 N o P
iave(smasenbld + ) T ISR R RS B, L
Hit to nr( BLASTX) 825 77.2
Hit to nt( BLASTN) 19 1.8 30
No BLAST 25  21.0 4 EST XEDHERIZEIERS
GO 392 . N .
o o Unigene T & ) EST AHRFT HEREF
erproscan .
No hit in Tnterproscan 290 B, EEY, BAERLZHERGTH 29 A EST,
No BLAST and no Interproscan 62 %iﬂjﬂiﬁf‘x%ﬂﬁﬁﬁ 23 /l\% iz’iﬂ% 2, %fi\t%fﬁ
BLAST but no Interproscan 228 gﬂg % i 2,: ﬁf ﬁﬁ ﬁ @ % % *H 9& E'(J E El putative
Interproscan but no BLAST 163 iated . pi . % e
EST matches with E-value in BLAST=1 x 10 - 136 senescence-assoclate pmteln ( wsum Satl’l)um) 5 b7
EST matches with E-value in BLAST<1x10~4 708 FREEE 5 A 4% 1% hypothetical protein ( Vitis
o o vinifera) , B %5 FeA 5 T K (Zea mays) )7 f
ant/fun, .
Animal 9 cytochrome P450 monooxygenase ( GenBank accession
Others 17 number; T02955) & 86% K [5] IR {# ( identities ) ,
P"r’:‘l*”y“ﬁc(bmeﬁ*’“m}“’eal) 10 Score =85. 5 bits (210), E{H N 7e - 15, FHiZ%%
Vi 1
RATRE NS BHAEY AR,
Table 2 Highly expressed transcripts in American ginseng EST library
Rank  Unigene ID No. of E val BLAST homol h
an nigene ESTs/% value omology searc]
1 g 13359451 29(2.7) 6e -26 Putative senescence-associated protein [ Pisum sativum ]
2 gi 147835464 19(1.8) 3e-22 Hypothetical protein [ Vitis vinifera ]
3 gi 3064039 11(1.0) le-28 Major latex protein homolog [ Mesembryanthemum crystallinum ]
4 g 51701931 10(0.9) 4e -88 RNase-like major storage protein [ Panax ginseng ]
5 gi 147816254 9(0.8) le-18 Hypothetical protein [ Vitis vinifera ]
6 gi 13540318 8(0.7) 6e —58 S-Adenosyl-L-methionine synthetase [ Elaeagnus umbellata ]
7 gi 11493822 7(0.7) 4e-14 Transcription factor WRKY4 [ Petroselinum crispum. |
7 g 1773291 7(0.7) 3e-31 Class II small heat shock protein Le-HSP17. 6 [ Lycopersicon esculentum ]
7 gi 18399690 7(0.7) 9e-6 Zinc finger (AN1-like) family protein [ Arabidopsis thaliana ]
8 g 112717 6(0.6) le-29 21 kDa Protein precursor (1.2 protein) [ Daucus carota ]
8 gi 147799894 6(0.6) le-61 Hypothetical protein [ Vitis vinifera ]
8 gi 2688824 6(0.6) 4e-20 Putative auxin-repressed protein [ Prunus armeniaca ]
8 gi 147803053 6(0.6) le-63 Hypothetical protein [ Vitis vinifera ]
9 g 15230306 5(0.5) 3e-12 Unknown protein [ Arabidopsis thaliana ]
10 gi 61211866 5(0.5) 4e-47 Specific abundant protein 1 [ Panax ginseng ]
10 g 115475611 5(0.5) 2e-9 050820266200 [ Oryza sativa (japonica cultivar-group) ]
10 gi 146215994 5(0.5) 4e-63 Cysteine protease Cpl [ Actinidia deliciosa ]
10 gi 2407330 5(0.5) le-25 Metallothionein-1 like protein Mma [ Oenanthe javanica ]
10 gi 147783534 5(0.5) 6e-9 Hypothetical protein [ Vitis vinifera ]
10 gi 92898176 5(0.5) 4e-17 Hypothetical protein MrDRAFT_AC125389 g23v2 [ Medicago truncatula ]
10 gi 147865345 5(0.5) 2e-27 Hypothetical protein [ Vitis vinifera ]
10 gi 22074816 5(0.5) 3e-12 Phloem protein 2-2 [ Apium graveolens var. dulce ]
10 gi 7406673 5(0.5) 4e-12 Putative metallothionein-like protein [ Vitis vinifera ]
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Figure 3 The EST and unigene were functionally categorized into 22 putative categories

BAEE S RS S B 2R RWUELE AN Table 3 Compared to highly expressed transcripts in
28 cDNA ST 1, AS 0 B 35 1T ginseng EST library ( Pg03) with American ginseng

EST library
10 {7 2, ZEASCEHRER B 6 1M (3R 3) -
™ Pg03 (root) American ginseng root
5 Eké‘%ﬁi% A ﬁi*ﬁ?&ﬁ@% & Rank Description Percent NO. of ESTs Percent
Aﬁ%ﬁ%é%éﬁﬁﬁﬁé%@ 4[13~15] ME‘# 1 Ribonuclease 2 2.4% 1 0.1%
= ’ 2 Dehydrin 2 1.9% 1 0.1%
’21’& EST iﬁ&%ﬁ%‘@] 10 /l\ﬂ‘ﬁgﬁﬁz‘&ki}%%ét 3 Eukaryotic initiation factor 1.6% 4 0.4%
N 4 WSI protein (KS-type dehydrin)  1.1% 0 0
WaEBERREMI IR, 754 cytochrome 5 Unknown 1.1% 35 3.3%
P450, glucosyltransferase, farnesyliransferase, cyclase 6 Late embryogenesis protein lea5  0.6% 1 0.1%
. . 7 Early nodulin 8 precursor 0.6% 0 0
family protein, A% 1 4~5 A% GBR mRNA & E [F 8 Ribonuclease 1 0.5% 2 0.2%
y Y 9 Metallothionein-like protein class T 0.5% 3 0.3%
4t n P
%mﬁiﬂ(96%) ? /\#&11 %EST Ff_‘ﬁu’ JL‘%A"O 10 WSI724 (KS-type dehydrin) 0.5% 0 0
MVA
v Sterols qr  Protopanaxatriol-type
PP Protopanaxatriol Gi id
GPS 4
GPP &Monoterpenes ' P450
FPs Cycloartenol E
yeloarteno : Protopanaxadiol-type
FPP &PPS» GGPP ’Protopanaxadiol----(ix === Ginsenosides
DTS CAS
SS Diterpenes "‘."". DS
SE Oxido « B-AS GT Oleanane-type
Squal squalene B-amyrin Ol Ginsenosides

Figure 4 Putative biosynthetic pathway of ginsenoside and triterpenoids. MVA; Mevalonate; IPP; Isopentenyl
diphosphate; GPP: Geranyl diphosphate; FPP; Famesyl diphosphate; GGPP; Geranyl geranyl diphosphate; GPS;
Geranyl diphosphate synthase; FPS: Farnesyl diphosphate synthase; GGPPS: Geranyl geranyl diphosphate
synthase; MS: Monoterpenes synthase; DTS: Diterpenes synthase; SS: Squalene synthase; SE: Squalene
epoxidase; CAS: Cycloartenol synthase; B-AS: B-Armyrin synthase; DS: Dammarenediol synthase; GT:

Glucosyltransferase ; dotted lines: indicate uncharacterized regions of the pathwaym_ls]
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Table 4 Candidate genes encoding enzymes associated with ginsenoside biosynthetic pathway

UniGene ID BLAST homology search A&:z:f)i;n Score E value
gi 29123069 Panax ginseng GBR mRNA, complete cds AF485335 311 bits (344) 2e-81
gl 27529726 Cytochrome P450 [ Petunia x hybrida] BAC53892 131 bits (330) le-29
gi 144923929  Cytochrome P450 monooxygenase CYP704G7 [ Medicago truncatula ] ABC59095 189 bits (479)  2e-57
gi 85001705 Cytochrome P450 monooxygenase CYP71D54 [ Glycine max ] ABC68406 136 bits (342) 5e-31
gi 584864 Cytochrome P450 76 A1 (CYPLXXVIA1) (P-450EGS) P37121 64. 7 bits (156) le-11
gi 780785 Sucrose-UDP glucosyltransferase [ Arabidopsis thaliana] BAD94975 133 bits (334) 4e-30
gi 15235900 Putative glucosyliransferase [ Arabidopsis thaliana ] AAD15482  62.4 bits (150)  9e-09
gi 28380078 Hydroquinone glucosyltransferase ( Arbutin synthase) Q9AR73 252 bits (644)  6e -66
gi 15239937 UDP-glucoronosyl/UDP-glucosyl transferase family protein [ Arabidopsis thaliana] ~ NP_196793 158 bits (399) le-37
gi 18418598 Cyclase family protein [ Arabidopsis thaliana ] NP_567979 102 bits (254) 1e —20
gi 147825148  Catharanthus roseus farnesyltransferase /type 1 AF525030 102 bits (112) le-18

Wit

M—E B AHE Y e LS BB cDNA SCEA
RERALERRBA IR EE . HIFRTEHE
SAHMBIEY B R R MR 2 H |, 72
HXRZERE R N, AR S 'R
MTEHESHIUWE N ERR, ETRESHR R
TEARMN, HUELETFESRPEETSEE
BERKF, ASCE KRB S WUEAER EST 3L
PRHJEEFIDIRE T , 25 RKW EST SURME R R
RINEEEEH KA M F B 914 4> unigene ¥ 433
A~ unigene 5 GenBank FErp B A4 W)4b £ THRER)
FIEA [F IR, o B v [ 3k B9 47.4% , 264 4>
unigene 5 GenBank P R AT BERY 7 51 BA R IR
M, ErmEREK 28.9%, 217 4~ unigene 7E
GenBank J i 38K [ YR 44 F7 371, o B s e 2L R B9
23.7% , 7£ 914 4> unigene #, K15 11 M5 AS B
HEYE RBRMXHKER, 3541 cytochrome
P450, glucosyltransferase, farnesyliransferase, cyclase
family protein'*'®' Pl &5 A% GBR mRNA & ¥ [FJE
FIEBE (96% )", BCSEREBR 1 & Tt — S Fo e
FHak HREEDEEAFZAH B REFES
JRAREE T HRIE, B, AREAC 2 RE WA REEE
HBREAFA P4S0 WEE LK, EAEFFRATIRE
FEBIBFFE

WAk, G 6 N EAERRFATERKEZTHXH
HHAH, 3% 1 4 putative auxin-repressed/

[18]

dormancy-associated protein” -, 3 /> putative auxin-

repressed protein[lg’m N | /l\ auxin response factor

450 1 4 auxin-regulated protein'®?! X FEHIA K
RAEEHSRWAERA TR PEEERIEEA,
IR BERSE KBRS FHLHIZEE T 204,

AFIE IR 5K MBHE R ER 7 4> 3
M EH dehydrin, 3 PMRIGEH lea, 1 A
DC2.15 like HH, 5ZHhEFHREER 2 4.4
R4S H AP2 like factor 2 F1 Wound-induced basic
protein, 54RA5HT1 E LB R ZEE 6 1~ 1 NS
glutathione peroxidase , 2 ~4i#% ascorbate peroxidase.
2 A~4gH5 cationic peroxidase, 1 ~4#Y catalase, X 25
EESVES X RIE KN E FVR R, 2
HSENINRR 5 TR

HEWHSHRERNZE T ERR: 1 ~EE
%% 75 pathogenesis-related transcriptional factor and
ERF. 4 NEH 455 transcription factor WRKY K&
FEH. 7 MNEHE % nbonuclease A FK K, X 3
P 485 B0 K E S YD R IR A B X, X
B0 % FEXT R 2578 VS LR L R IR I PE S 9L
Wit B BB R

Bt b E R AP B 25 AR Y BT 5T BT R SRR 9L 5t
REFTES TR
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