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Abstrad: Picrorhizα scrophulariiflorαis a rare and endangered Tibetan medicinal plant. 1ts rhizome is a specific biosynthesis and ac­

cumulation tissue for invaluable hepatoprotective iridoids. We applied SSH technique for elucidating the di直'erential gene expression in 

rhizome and leaf of the plant and constructed a subtracted rhizome-specific cDNA library. From the library , 27 non-redundant "EST­

unigenes" were obtained and submitted to dbEST. Sequence analysis showed that 11 ESTs among the 27 ESTs are deducted to be novel 

genes (ESTs) with no significant homology to any known sequences within GenBank database and could potentially be regarded as no­

vel gene fragments. These 27 ESTs are mainly associated with tr础lslation ， energy metabolism , transport and binding , cell envelope , a­

mino acid biosynthesis , and central intermediary metabolism. Finally , phylogenetic analyses implicated that a cytochrome monooxygen­

ase P450-related gene (EX172715 , 595 bp) identified from P. scrophulariiflora are more related to that from A. thaliαnαthan that 

from O. sαtivαand T. aestivum. This study provides a novel gene pool involved in P. scrophulariiflorαsecondary metabolism. 
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cytochrome P450 monooxygenase 

CLC numberc: R96 Document code: A : 0529-6579 (2009) 02-0076-08 

西藏胡 根 困的筛

冯燕丽\马欣荣29 夏庆杰3? 谈心2? 张
(1.四川大学生命科学学院四川省分子生物学及生物技术重点实验室?四川成都 610064;

2. 中国科学院成都生物研究所罗四川成都 610041 ; 

3. 四川大学华西医学院?四川成都 610044)

摘要:西藏胡黄连是著名的濒危西藏药材，其粗壮的根茎部是重要的合成和储存药用暗类物质器官，ï]J，5类含量显著高于

叶部。为克隆西藏胡黄连根状茎和叶的差异表达基因，利用抑制消减杂交技术，构建了根状茎特定的抑制消减文库。从该

SSH 文库中随机挑取片段不一的阳性克隆则序，采用Blastx 进行同源比对，获得了 27 个表达序列标签 (EST) ，并获登录

号。序列统计分析结果表明，其中有 11 个 EST 在 GenBank 中无同源性序列，推测可能是新基因片断。蛋白质功能分类结

果表明，这些蛋白质与翻译、能量代谢、转运与结合、细胞膜合成、氨基酸生物合成及中间代谢 6 大类蛋白功能有关。为

深入研究与商类生物合成直接或间接相关基因，选择了长 595 坤的差异表达 EST 序列 EX172715 进行了同源比对和蛋白系

统进化分析。结果表明， EX172715 具有细胞色素 P450 单加氧酶的特征结构，与拟南芥的细胞色素 P450 单加氧酶蛋白的同

源性高于水稻和小麦。提供了一组与西藏胡黄连次生代谢相关的新基因库。
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Picrorhizα scrophulariiflorαis a well - known pe­

rennial alpine herbs growing on Qinghai 同Tibetan Plat­

eau. 1ts center of ecological distribution environment is 

restricted in the Eastern Himalayas to mountains of 

Yunnan (China) at an altitude of 4 300 ~ 5 200 me­

ters[I J , Uttar Pradesh to Southwest China , 3 600 ~ 4 

800 meters [2 - 3 J. P. scrophulariiflora is the invaluable 

traditional Tibetan medicinal plant that is broadly used 

in many compound formulations and known mainly for 

its impOltant pharmacological iridoids [4 J 1ridoids is 

one group of major active constituents in P. scrophu­

lariiflora that attracts increasing attention as a valuable 

dmg for chemical and medicinal research. Pharmaco­

logical studies and clinical experiments revealed that 

iridoids of the plant exhibit the activities of hepatopro­

tective , anticancer , antioxidant , immune-modulating , 

hypolipidemic , and cardioprotective [5 … 6J 

Picrorhizα scrophulαriiflora is one of near extinct 

species included in the China Plant Red Data List , 
where it is listed as a Category II1 species [7 - 8 J. P. 

scrophulariiflorαhas also been classified as a Category 

III species under the Regulations of China on Protection 

of Medicinal Resour、ces [9 J. In of well documented 

informatÏon on morphology , and medicinal 

application , scrophulariiflorαhas not so far been in巳

vestigated using molecul剧'analyses. So there is little 

knowledge about their pathways of secondary metabolite 

biosynthesis and the regulation mechanisms. Few genes 

involved in the process were cloned. 

In recent years , researches about gene regulation 

of secondary metabolite biosynthesis become high­

lights. The recent researches have showed that P. scro­

phulariiflorαaccumulates a large amount of iridoids in 

rhizome but not in leaf. This presents that different 

genes expression in the two tissues. 

τherefore ， identification of the stmctural and reg白

ulatorγfactors operating distinctly in the rhizome/leaf of 

the plant will be a necessity for modulation of secondary 

metabolite biosynthesis. Suppression subtractive hy­

bridization (SSH) is widely applied in detecting and i­

solating differentially expressed genes [10 J. Using SSH , 

the high可throughput sequencing of cDNA clones (li­

braries) has produced extensive genomic databases and 

large numbers of expressed sequence tags (ESTs) for 

various plant species [11 -14 J and successfully in exten­

sive EST analyses in Arabidopsis (Arαbidopsis thαliαnα 

L. Heynh.) (The Arabidopsis Genome Initiative 

2000) , r:ice (Oryzαsαtiω L. ) [1町， and tomato [16- 17] 

To analyze the genes related to iridoids synthesis , 
SSH between the rhizome and leaf and phylogenetic a-

nalysis were used in this study. Rhizome-specific ex­

pressed sequence tags (ESTs) were isolated from the 

SSH library for analyses and identification of genes that 

share sequence similarities with known iridoids synthe­

SlS-掏related proteins from other organisms in genomic or 

EST database. 

1. 1 Materials 

Picro1'hizα scrophulαn~卢01'αwas freshly taken at 

Dege County , Aba Autonomous Region , Sichuan , Chi­

na in August. 

1. 2 Isolation of total RNA and mRNA 

Total RNA was extracted from 3 - 5 g rhizomes 

and leaves , respectively , by using RNA Extraction Kit 

( 1nvitroge时 accordi吨 to the manuals and then was 

treated with DNase 1 to eliminate the trace DNA. For 

cDNA synthesis for library construction and SSH , poly 

( A) + mRNA was isolated and purified from total RNA 

of the rhizome and leaf tissues of scrophulα1'iiflorα 均

using mRNA Isolation 之it (Pro­

mega Company) . 
3 七 β

Both kinds of mRNA were reverse 

double 臼strand cDNAs with the SMART PCR 

出eslS三it ( Clontech) to 0岛tain sufficient amount of cD同

NAs for a subtraction experiment. cDNA SSH and se­

lective amplification of cDNA fragments were 

referred to the manual of Clontech PCR臼Select ( cDNA 

Subtractive Kit [10J to identify rhizome-specifíc tran­

SC1年ts in P. scrophulαriiflora in a strategically designed 

experiment where the rhizome and leaf cDNA popula­

tions served as tester and driver , respecti飞rely. All t由}且le

S剖teps were peIfo旧rmed as the manufac创tm且r咽它.'el创r穹~'s gu盯1址ideline创s.

Both cDNAs were digested with restri扣ct丘ion enzyme Rsα1 

(BBI) for 12 h. The V -GENE PCR Kit (Invitrogen) 

was used for purification of cDNA fragments. Then the 

tester cDNA was divided into two aliquots and ligated 

with two different adaptors , respectively. The adaptor 

ligation time was 24 h. Each ligated tester唱 sample was 

hybridized with excessive driver cDNA. Therefore ，也e

hybridized tester samples were mixed together and en­

dured a second round hybridization with excessive driv­

er cDNA. After that , two rounds of PCR were per­

formed to get the differ咱entially am目

plified exponentially. To evaluate the efficiency of cD­

NA subtraction? glyceraldehyder-3 白phosphate

genase gene (日) was used as a con妇'01.

1. 4 
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The secondary PCRs to amplify the subtracted rhi­

zome-specific messages (LTRD = rhizome-tester , leaf.阳

driver) were carried out for 33 罗 28 ， 23 and 18 cycles 罗

respectively. The secondar丁y PCR products from the for阳

ward subtraction cDNA samples were inserted into 

pMD18-T easy vector (TaKaRa , Dalian) and trans­

formed the competent cells of Escherichia coli strain 

JM109 Positive clones were selected and confirmed by 

PCR. 

1. 5 Generation and analysis of se­

quence tags ( 

Ninety-six differently expressed cDNA in pMD18-

T vector were randomly selected for PCR identification 

using nested primer 1 ( 5' -TCGAGCGGCCGC­

CCGGGCAGGT -3' ) and nested primer 2R (5' -

AGCGTGGTCGCGGCCGAGGT -3') , and the 35 

positve clones with different length were sequenced by 

Shanghai Invitrogen Biotechnology Co. , Ltd. The se­

quences obtained were screened with VecScreen (NC-

and edited with Sequence Navigator™v 1. O. 1 soft­

ware (Applied Biosystems) to remove vector , adaptor , 
and ambiguous sequences prior to BLAST analyses. 

And then , comparison of amino acid and nucleotide se­

quence simil盯 was 句T using BLAST pro­

gram in NCBI (www. ncbi. nlm. nih. gov). 

The edited sequences were subjected to a BLAS白《

analysis against the non-redundant protein database 

(all GenBa他 CDS translations + PDB 个 SwissP则十

PIR + PRF excluding environmental samples from WGS 

projects). The analyses were used in conjunction to as­

sign a putative function to an EST. It was possible to 

assign putative functions to many of the ESTs , although 

the tme function can only be ascertained through bio­

chemical and genetic approaches. The BLAS白( result 

was given weightage for classification purposes. Wher­

ever the BLAST homologies of individual ESTs were 

found to be somewhat similar , the 6 b12seq' tool (NC­

BI) was used to align the EST sequences to check for 

redundancy. 

For functional classification of the ESTs by Ex回

Pr毗omics tools (www. 叫asy. ch) , all selected 

ESTs were included? regardless of E value and redun­

dancy. clones had the potential to be classified 

into more than one category due to overlapping func­

tions. However , for simplicity , those ESTs were cate­

gorized according to their most universal function. 

1. 6 

For multiple sequence alignments we used the soft­

ware DNAMAN version 5.2.2 (Lynnon Corporation? 

Canada). And the software package Clustal W 1. 83 [18] 

was used for phylogenetic reconstmction. Phylogenetic 

trees were visualized with TREEVIEW 1. 6. 6 [19]. 

2 

2. 1 from the subtracted rhizome回specific

cDNA library 

A rhizome-specific cDNA librarγcontaining over 

2 000 recombinant clones was constmcted after sup町

pression subtractive hybridization. Ninety-six clones 

were randomly picked up , cultured in LB liquid media 

and then were amplified as templates when using nested 

adaptor primers. The sizes of inserts are ranged from 

150 bp to 1 500 bp with the average length of 500 bp. 

Two identical nylon membranes were processed with 

PCR products dotted on. The membranes exhibited diι 

ferent expression patterns when hybridized with probes 

from two types of clones of rhizome and leaf. 

A total of 35 randomly selected inselt-containing 

clones from the subtracted rhizome-specific cDNA li­

hrarγwere sequenced and assembled into 27 non-re­

dundant "EST臼unigenes" , which provided 27 rhizome­

specific ESTs. 

2.2 日 出 27

The sequences of all the 27 ESTs were loaded Ìnto 

dbESTs and GenBank accession numbers (Ta-

ble 1). 

( translation homology) search , 16 

ESTs among these sequences were found to shar它 high

homology , a七ove 679毛， to diver咱se classes of genes with 

potato , tomato , rice , soybean and other EST sequences 

in GenBank as listed in Table 1. The other 11 frag町

ments (ESTs) encoding hypothetical proteins with no 

significant BLASTX match to any other sequences in 

the public databases and could potentially be regarded 

as novel genes or 3' -terminal of full- length cDNA (Ta­

ble 1). 

2. 3 Functional classification of the subtracted rhi幽

ES了S

ExP ASy Proteomics analysis revealed that the 27 

subtracted rhizome-specific ESTs could be classified in­

to 6 functional categories according to their putative 

function (Fig. 1). A large propo民ions (529毛) of the 

ESTs are grouped in the translation categorγ 。 There al­

so presented a high number of the ESTs related to ener­

gy metabolism (309毛) , which indicated that the r1山。白

me tissue , rather than the leaf tissue , is primarily re­

sponsihle for secondary metabolites processing of the 0-

verall plant. This is in accordance with the rationale 



第 2 期 冯燕丽等:西藏胡黄连根状茎差异表达基因的筛选及分析

Table 1 BLASTX results of 27 ESTs from 

Clone code 
/bp accession No. 

FMX 

2005007 
FMX 

617 EX172717 

2005021 
FMX 

157 

935 
20050004 

FMX 

2005027 
349 

533 

815 

607 

513 

427 

297 

392 

EX172731 

EX172714 

EX172737 

EX172712 

EX172716 

EX172720 

EX172711 

EX172732 

EX172724 

EX172733 

Highest BlastX match and accession No. 

eukarγotic translation initiation factor 2 beta subunit-like [Sola­

num tuberos肌] (ABB86256. 1) 

calmodulin [Quercus petrαeα] (CAH57708. 1) 

unknown [Solαnum tuberosU1叫 (ABB87113. 1) 

ubiquitin family protein [Arαbidopsis thaliαnα] (NP_199045.1) 

translocon - associated protein beta family protein-like [Solαnum 

tubero川nJ (ABB87132. 1) 
coatomer alpha subunit-like protein [Lo tus Ì<αponicus ] 

(CAE45585. 1) 
translocon-associated protein beta family protein-like [Solα阳m tu­

berosumJ (ABB87132. 1) 
translocon-associated protein beta (TRAPB) family protein [Arα­

bidopsis thaliαnaJ ( NP _568293.1) 
protein binding / zinc ion binding [Arαbidopsis thαliαnα] (NP一

001031032.1) 
cannabidiolic acid synthase homolog [Cannαbis sαtiva ] 

(BAF65034. 1) 
cannabidiolic acid synthase homolog [Cα肌αbis satiω] 

( BAF65034. 1) 

334 EX172735 type SK2 dehydrin [Prunus persicα] (AAZ83586. 1) 

595 EX172715 
cytochrome P450 monooxygenase CYP86A24 [ max ] 

(ABC68403. 1) 

79 

Expect identities 
126/131 

3e "...68 
(969毛)

5e 一 09 30/31 (96%) 

206/223 
3e -112 

(92% ) 

6e -15 37/41 (90%) 

3e -35 

8e -97 

1e -34 

1e -25 

6e -34 

72/91 (79%) 

169/215 

(78% ) 

71/90 (78% ) 

61/80 (78% ) 

96/126 (76%) 

2e 一 04 21/28 (75%) 

0.009 18/24 (759毛)

1. 1 15/20 (75% ) 

4e … 16 41/55 (74% ) 

FMX 

2005002 
FMX 

2005006 
FMX 

2005010 
FMX 

2005001 
FMX 

2005022 
FMX 

2005014 
FMX 

2005023 
FMX 

2005025 
FMX 

2005005 
FMX 

2005015 
FMX 

2005016 
FMX 

2005011 
FMX 

2005018 
FMX 

2005008 
FMX 

2005013 
FMX 

2005026 
FMX 

2005024 
FMX 

2005019 
FMX 

2005009 
FMX 

2006003 
FMX 

2005012 
FMX 

2005017 
FMX 

2005020 

745 EX172725 
PROTEASE 7) ; ubiquitin同specific

2e -74 
protease [Arαbidopsis thαliαnaJ (NP_566680.2) 

UBP7 ( 
86/117 (73%) 

262 

522 

342 

1102 

233 

180 

183 

179 

446 

295 

279 

94 

96 

EX172726 

EX172721 

EX172728 

EX172718 

EX172723 

EX172736 

UBP7 (UBIQUITIN-SPECIFIC PROTEASE 7) ; ubiquitin-specific 

protease [Arabidopsis thαliαnα] (NP _566680. 
pirin [Lycopersicon esc山ntumJ (AAF22236. 1) 

Zinc-fi吨er protein (ZIM) precursor [Phillyrea lαtifoliα] 

(CAK18857. 1) 
hypotl削ical protein OsJ_014553 [Oryzα sativa (japonica cultivar­

group) ] (EAZ31070. 1) 
hypothetical protein [Plasmodi肌 falciparum 3 D7 ] 

(CAG25253. 1) 
hypothetical protein PFF0410w [Plasmodium falciparum 3D7 ] 

(XP _966073. 1) 
hypothetical protein LOC734927 [Xer叩us laevis ] (NP_ 

EX172734 _L 
001089861. 1 ) 

EX172729 No significant similarity 

EX172719 N 0 significant similarity 

EX172713 No significant similarity 

EX172722 No significant similarity 

EX172727 No significant similarity 

EX172730 No significant similarity 

2e -74 86/117 (73%) 

4e -43 77/114 (67%) 

3e -18 58/119 (48%) 

2e 63 91/186 (489毛)

0.51 21/56 (37%) 

0.50 21/56 (37% ) 

9.7 13/40 (32% ) 
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that the rhizome tissue is primarily responsible for the 

production of secondary metabolites. 

On the other hand , the 27 ESTs can also be 

grouped in gene ontology categories: closely related to 

growth-factor-related genes? such as EX172712 , 

EX172713? EX172714 , EX172715 , EX172717 , 
EX172718 , EX172720 , EX172721 , EX172725 , 
EX172733 , EX172736; transporter , EX172711 , 
EX172723 , EX172724 , EX172726; transcription , 
such as EX172727 , EX172734 , EX172735; stress re­

sponse , such as EX172730; transcription regulation , 
such as EX172722 , EX172728; signal transducer , 
EX172729 , EX172732; hormone , EX172731; stmc­

tural protein , EX172719 (putative oxidoreductase). 

Although 2 fragments EX172716 , EX172737 have ho­

mology with ESTs GenBank , their functions have not 

been postulated because their protein functions are still 

unknown. 

Transport and 
binding 

4% 

Cell envelope 
4% 

Central 

Translation 
51% 

10% 

Fig. 1 Putative functions associated with the subtracted 

rhizome-specific ESTs in different functional categories 

2.4 

One rhizome EST (EX172715) among the 27 ES­

Ts showed (74%) homology to a cytochrome P450 

monooxygenase gene of Glycine mαx from the nucleo­

tide database. Cytochrome P450 is an impOltant en白

zyme involved in the biosynthesis of many kinds of sec­

ondarγmetabolites in plant species. U sing the deduced 

amino acid sequence of EX172715 to search by BLAST 

in NCBI , we obtained twelve more amino acid se­

quences from other OI伊nisms (Fig. 2A). 

Here , we analyzed EX172715 that are potentially 

involved in processing of iridoids synthesis-related pro臼

teins based on sequence similarities with other 12 

known cytochrome P450 pr悦eins. The cDNA encodes 

a 89 amino acid protein. The deduced amino acid se同

quence of EX172715 shared 63.5% , 63.5% , 
66.7% " 6 1. 9% , 6 1. 9% , 60.3% , 60.3 %, 
58.7% , 57. 1 % , 50. 8% , 6 1. 9% and 68.3% i­

dentity with that of CYP86A7 , a pupative P450 , 
CYP86A24 , CYP86A2, AT4g00360 , CYP86A4 , and 

CYP86A8 (cytochrome P450 subfamily) from A. 

thaliana , Os04 g0560100 , Os02g0666500 , and 

OsOl g0854800 (japonica cultivar-group) from O. Sα町'

tivα ， Triticum αestivum cytochrome P450 and Vitis 

viniferαhypothetical cytochrome P450 , respectively 

(Fig. 2A). The result showed that the deduced amino 

acid sequence of EX172715 is more similar to that of 

cytochrome P450 from A. 的αlianα ，且 αestivum and 

V. vinifera than that from O. Sαtivα-

By phylogenetic analysis , EX172715 is similar to 

other genes , with E - value < O. 001 , including cyto­

chrome P450 (CYP86A 7 , CYP86A24 , CYP86A2 , 
AT4g00360 , CYP86A4 , and CYP86A8) from A. 

thaliαnα ， cytochrome P450 from T. αestivu刑， japonica 

cultivar-group (Os04g0560100 , Os02gD666500 , and 

OsOl g0854800) from O. sαtivα . V. vinife7α( hypothet­

ical cytochrome P450) was used as outgroup (Fig. 

2B) . 
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Os04g0560100 
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I CYP86A4 
I iCYP86A2 

0.1 L 一-AT4g00360

Fig. 2 Multiple alignment and phylogenetic analysis of the 
targeted EST (EX172715) 
A: The deduced amino acid sequence of EX172715 from P. 
Scrophulariiflor，αwas aligned with conesponding sequences of 
Rαestivum cytochrome P450 , A. thalianαcytochrome P450 
monooxygenase subfamily (a pupative P450 protein , 
CYP86A7 , CYP86A24 , CYP86A2, CYP86A4 , CYP86A8 , 
AT4g00360 ), O. sαtivαjaponica cultivar-group 
( Os04g0560100 , Os02g0666500 , OsOl g0854800) using 
DNAMAN multiple alignment programme. Black color indi自

cates 100% consensus , dark and light gray color 75 , 50% 
consensus , respectively. Gaps to optimize alignments are des­
ignated by dots. The amino acids are numbered on the r:ight 
side of the se申lence; B: A phylogram tree generated using 
the aligned protein sequences revealed 出at EX172715 shows 
highest relation to A. thaliα阳 cytochrome P450 (CYP86A7). 
The scale bar represents the substÏtutions per site according to 
the model of amino acid evolution applied. 巨 viniferα( hypo­
thetical cytochrome P450) was used as outgroup 
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In addition , we found EX172715 sharing highest 

sequence similarities with CYP86A7 from A. thαliαnα 

(Fig. 2B). The conserved amino acids characteristic 

for cytochrome P450 is present in the sequences: V -E­

Q-K皿M-S-L-T-L-F-M-K [20J • However , the similarities 

of obtained sequences to the potential counterparts are 

useful for phylogenetic analysis; therefore , the given 

assignments should be taken with care. 

3 

lridoids in P. scrophulαriifLorαare one kind of 

plant terpenoids and exploited commercially for a varie­

ty of usages , including as pharmaceuticals. Under­

standing the regulation of iridoids synthesis is of immi­

nent scientific and commercial interest. Current resear­

ches show that all plant terpenoids are derived from the 

common precursor isopentenyl diphosphate (IPP) , 
which is synthesised via the isoprenoid pathway by cy­

clization of 2 , 3 -oxidosqualene cyclases (OSCs) to 

give primarily oleanane (beta-amyri叫 or dammarane 

triterpenoid skeletons. The triterpenoid backbone then 

undergoes various modifications (oxidation , substitu­

tion and glycosylation) , mediated 问 cvt.ocluome P450ω 

dependent monooxygenases , and 

other enzymes [21 J However , like many 0白白嗡 terpe叫

noids , the process of iridoids biosynthesis in scro时

phulαriifLorαis still unclear. This is likely to be due to 

the complexity of the molecules and the lack of the reg­

ulatory and metabolic genes in the isoprenoid pathway 

and at the branch points. 

The exploitation and utilization of genetic re­

sources play an important role in research on structure 

and function of genes. There is a significant discrepan­

cy of iridoids between rhizome and leaf of P. scrophzιE 

lariifLor肌 We constructed an SSH cDNA library from 

the plant. It is of help in acquiring the expression 

spectrum of the structural and regulatory genes involved 

in seconda可 metabolites biosynthesis and in finding in­

teresting genes with drug potential. 
The SSH is a recently developed new method for 

identifying differentially expressed genes between two 

different mRNA populations. The efficiency and repro­

ducibility of SSH have been proved in different studies 

for differ咽entially expressed genes [22 … 24 J For the con-

sideration of the phenomena that the shorter Ínselt is 

easy to ligate with vector , we collected the subtractive 

cDNA fragments in five fractions ( < O. 1 kb , O. 1 O. 

3 kb , 0.3 0.5 kb , O. 5 ~ 1 kb and > 1 kb) . And 

27 unique ESTs had been gained in 35 sequenced 

clones. After SS日， both high and low abundance of 

expressed genes would be normalized and enriched af阳

ter two rounds of subtraction and selective PCR [IOJ 

Our random sequencing results showed that there were 

only two duplicates in 35 fragments and different ex­

pressed genes had been normalized. Comparing with 

the data of GenBank/DDBJ/EMBL , 27 ESTs had not 

been shown in P. scrophulαriifLora before , 16 among 

these ESTs had high homology to the known genes in 

other plants , while 11 with no significant homology in 

the database. lt fmther indicates a high efficiency of 

SSH in isolation of differentially expressed genes. 

According to the functions of deduced proteins , 
the 27 differentially expressed ESTs from the subtracted 

rhizome-specific cDNA library were classified. Most of 

them are mainly involved in energy metabolism and 

translation. Wild differences have been noted in the 

compositions of the iridoids isolated from the under­

ground and aerial tissues of P. scrophulariifLorα ， which 

was also indicative of the fact that ther噜e are differences 

in the expression pattern of structural as well as regula­

t01γfactors in the two tissues. The key to the differenti阳

al gene expression in the rhizome as compared with the 

leaf lies in function of these genes and it may also 

account for the variance in the Ìl词。ids the 

two Ìlssues. 

Previous evidences BLASTX that a-

mong the 27 ESTs , the nucleotide sequence of 

ment EX172715 matches cytochrome P450 monooxy­

genase with 74 % identity from G. mα元. And its de­

duced amino acid sequence shares 63.5% identity with 

cytochrome P450 monooxygenase (CYP86A7 , putative 

P450) from A. 的αliαnα. It is probably partial P450 

gene. Cytochrome P450 is a diverse array of multifunc­

tional heme-thiolate protein in plant and plays an im­

p01tant role in secondarγmetabolism by catalyzing 

many kinds of reactions , such as synthesis of plant me­

dicinal compounds including fatty acids , iridoids 罗 fla­

vones , alkaloids , etc. [20J Phylogenetic analysis con­

firmed EX172715 is the highest homology to cyto­

chrome P450 monooxygenase from A. 的αlianα.

Two fragmer山( EX172724 , EX172733) shared 

759毛 homology with cannabidiolic acid synthase from 

Cαnnαbis sαtivα. Futoshi et al. demonstrated that ex­

pression of the gene led to increase of plant secondarγ 

metabolites cannabinoids [25
J • A large quantity of intra­

cellular structural and regulatory proteins can be cova阳

lently attached to ubiquitin posttranscriptionally and 

thus modified via a cascade reaction. Ubiquitin pro­

teins are implicated in numerous metabolic processes in 

eukaryotes. Ubiquitin proteolytic pathway plays an im-
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portant role in the degradation of short lived regulatory 

proteins [26J , including those that participate in the cell 

cycle , cellular signaling in response to stress and to ex­

tracellular signals , morphogenesis , the secretorγpath­

way , DNA repair , and organelle biogenesis [27 … 28J It 

is interesting that three fragments (EX172737 , 

EX172725 , EX172726) have 909毛， 739毛， and 73% 

homology with ubiquitin family protease from A. thali阳

αnα ， respectively. In addition , 1 sequence 

( EX172731) matches (96 %) calmodulin from Quer­

cus petrαeα[29J Other 6 fragments , of which functions 

are still unclear , may be involved in the regulation 

process , such as eukarγotic translation initiation factor 

( EX172717) , coatomer protein (EX172716) , trans­

locon-associated protein (EX172720) , zinc-protein 

( EX172732 , EX172728) and type 11 SK2 dehydrin 

( EX172735) (with antidro吨ht and antifreeze activi­
ties) [30J 

There is a high probability that one or more of the 

rhizome-specific novel genes might code for a regulato­

Iγfactor穹 responsible for the rhizome-specific expression 

of iridoids biosynthesis. These genes may directly or 

indirectly be involved in metabolism of 。

scrophulα:riiflora. 

In conclusion , a host of novel ESTs of P. scroω 

phulαr均Florαwere obtained using SSH technique in the 

present study. The results supported the value of SSH­

based EST sequencing as an approach complementarγ 

to EST resources for functional genomics research in P. 

scrophulαriiflora. We made bioinformatic analysis of 27 

differentially expressed ESTs in comparing rhizome 

with leaf tissues 岛y screening SSH librarγfor the first 

time. The most significant finding in the current study 

is the identification of an EST (EX172715) encoding 

secondary metabolism-related cytochrome P450 monoo­

xygenase with the highest homology to that from A. 
thαliαnα ， and 11 ESTs with no significant homology in 

public databases , which could potentially be regarded 

as novel genes 0 1' 3' -terminal of full-Iength cDNA. This 

result could provide a useful starting point for isolation 

and identification of novel rhizome阳specific genes. 

Therefore , this study has been included for the fi1'st 

time in a molecular genetic analysis to determine novel 

genes related to secondary metabolite biosynthesis of 

旦 scrophulariiflorι

This 1'eport p1'ovides a good foundation fo1' full­

length cDNA cloning , gene function investigations , 
molecular mechanisms of modulating secondary metab­

olite biosynthesis in P. scrophulariiflora in further stud-

les. 
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