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Abstract: Picrorhiza scrophulariifiora is a rare and endangered Tibetan medicinal plant. Its rhizome is a specific biosynthesis and ac-
cumulation tissue for invaluable hepatoprotective iridoids. We applied SSH technique for elucidating the differential 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 translation, 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. scrophulariifiora are more related to that from A. thaliana than that
from O. sativa and T. aestivum. This study provides a novel gene pool involved in P. scrophulariiflora secondary metabolism.

Key words: Picrorhiza scrophulariiflora; rhizome-specific genes; suppression subtractive hybridization; ESTs; phylogenetic analysis;
cytochrome P450 monooxygenase

CILC number; R96 Document code; A Article ID. 0529-6579 (2009) 02-0076-08

PR 0 1) R R OR 2 2 e 2 0k 2 DAY R e 326 K 2

BT, Lk, BRA, kot iksLE!
(1. W R FAMRFFRENESTEDFAAYEARAELEERE, Wl KA 610064;
2. W EFFTRAR LI, W AR 610041
3. Wl kKFEFEFKE, Wil mAx 610044)

T . PO R L WO, M RS R EE A A T R E, RS REEET
MR, T e PR B AR ZE A 22 AR Y, R R AN R, AT T R ZE I R B IR ST . A
SSH SCRE A BEHLIKIU BER— I B SE M, R A Blastx HEAT RIUR FLXS, 3RA5T 27 A RBFHIRE (EST), JEgksst
S FAGETHAMTEERFRY], HhA 11 4> EST 7 GenBank H JGIRIEMEFF, T GERHEE A W, BRI IL
REY, XWBEHFESIE. BEAN. BE5%4. WIS . SEREDERF TN 6 KIEHIEEE L. H
WG SIS & BRI, 1645 T K 595 bp 925 38k EST 51 EX172715 #E4T T IR Lo %6 1 &
Gt . BESRERWT, EX172715 A MM 3R PASO BUIMA BT RESEM , SRR ST A48 3 PASO A 4R 46 1 1Y )
VAR TR R/INGE o AR T — 25 P9 R0 28 e U A AR 6 e IR e

SR TR NG MORZRREIREE MRS TR WU G PAS0 Bl

H1[E 43255 RI6

« RS EE. 2008 —06 11
E&WE: BRANRBSESEBIIME (30572337)
BB BT (1968 F4), Lo, MBLTEIF, ML d; EBWREEREA: 5K XIE; Email: yizzhang @

scu. edu. cn




%24

TS« VU BOEARIRZE 22 S IR FE D Y 0 e B 3 71

Picrorhiza scrophulariiflora is a well -~ known pe-
rennial alpine herbs growing on Qinghai -Tibetan Plat-
eau. lts 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'') | Uttar Pradesh to Southwest China, 3 600 ~ 4
800 meters *7*1. P.

traditional Tibetan medicinal plant that is broadly used

scrophulariiflora is the invaluable

in many compound formulations and known mainly for
its important pharmacological iridoids “!. Tridoids is
one group of major active constituents in P. scrophu-
lartiflora that attracts increasing attention as a valuable
drug 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 ™%,

Picrorhiza scrophulariiflora is one of near extinct
species included in the China Plant Red Data List,
where it is listed as a Category III species” . P.
scrophulariiflora has also been classified as a Category
I species under the Regulations of China on Protection
of Medicinal Resources °’. In spite of well documented
information on morphology, biochemistry and medicinal
application, P. scrophulariiflora has not so far been in-
vestigated using molecular analyses. So theve is litile
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-
phulariiflora accumulates a large amount of iridoids in
rthizome but not in leaf. This presents that different
genes expression in the two tissues.

Therefore, identification of the structural and reg-
ulatory factors operating distinctly in the rhizome/leaf of
the plant will be a necessity for modulation of secondary
metabolite biosynthesis. Suppression subiractive hy-
bridization (SSH) is widely applied in detecting and i-
solating differentially expressed genes '), Using SSH,
the high-throughput sequencing of ¢DNA clones (li-
braries) has produced extensive genomic databases and
large numbers of expressed sequence tags (ESTs) for

W and successfully in exten-

various plant species
sive EST analyses in Arabidopsis ( Arabidopsis thaliana
L. Heynh.) ( The Arabidopsis Genome Initiative
2000) , rice (Oryza sativa L. )™ | and tomato 1177,

To analyze the genes relaied 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-

sis-related proteins from other organisms in genomic or

EST database.

1 Materials and methods

Maierials
Picrorhiza scrophulariiflora was freshly taken at

1.1

Dege County, Aba Autonomous Region, Sichuan, Chi-
na in August.
1.2 Isolation of total RNA and mRNA

Total RNA was exiracted from 3 ~ 5 g rhizomes
and leaves, respectively, by using RNA Extraction Kit
(Invitrogen) according to the manuals and then was
treated with DNase I 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 P. scrophulariiflora by
using PolyATract mRNA Isolation System III Kit ( Pro-
mega Company) .
1.3  Suppression subiractive hybridizaiion

Both kinds of mRNA were reverse transcripted into
double-strand ¢cDNAs with the SMART PCR ¢cDNA Syn-
thesis Kit ( Clontech) to obtain sufficient amount of ¢D-
NAs for a subtraction experiment. ¢cDNA SSH and se-
lective amplification of ¢cDNA fragments were performed
referred o the manual of Clontech PCR-Select ( ¢cDNA
Subtractive Kit " to identify rhizome-specific tran-
seripts in P. scrophulariiflora in a strategically designed
experiment where the rhizome and leaf ¢cDNA popula-
tions served as tester and driver, respectively. All the
steps were performed as the manufacturer’s guidelines.
Both ¢cDNAs were digested with restriction enzyme Rsa |
(BBI) for 12 h. The V-GENE PCR Kit (Invitrogen )
was used for purification of ¢cDNA fragmenis. 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 sample was
hybridized with excessive driver ¢cDNA. Therefore, the
hybridized tester samples were mixed together and en-
dured a second round hybridization with excessive driv-
er cDNA. Afier that, two rounds of PCR were per-
formed to gei the differentially expressed fragments am-
plified exponentially. To evaluate the efficiency of ¢D-
NA subtraction, glyceraldehyder-3-phosphate dehydro-
genase gene (G, PDH) was used as a control.
1.4  Constuction of subiracied rhizome-speciiic

cDNA library
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The secondary PCRs to amplify the subiracted rhi-
zome-specific messages ( LTRD = rthizome-tester, leaf-
driver) were carried out for 33, 28, 23 and 18 cycles,
respectively. The secondary PCR products from the for-
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 expressed se-
guence tags (ESTs)

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. , Lid. The se-
quences obtained were screened with VecScreen ( NC-
BI) and edited with Sequence Navigator™v 1. 0. 1 sofi-
ware (Applied Biosystems) to remove vector, adaptor,
and ambiguous sequences prior to BLAST analyses.
And then, comparison of amino acid and nucleotide se-
quence similarity was performed by using BLAST pro-
gram in NCBI (www. ncbi. nlm. nih. gov).

The edited sequences were subjected to a BLASTX
analysis against the non-redundant protein daiabase
(all GenBank CDS translations + PDB + SwissProt +
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 true function can only be ascertained through bio-
chemical and genetic approaches. The BLASTX result
was given weighiage for classification purposes. Wher-
ever the BLAST homologies of individual ESTs were
found to be somewhat similar, the ‘bl2seq’ tool ( NC-
BI) was used to align the EST sequences to check for
redundancy.

© For functional classification of the ESTs by Ex-
PASy Proteomics tools (www. expasy. ch), all selected
ESTs were included, regardless of £ value and redun-
dancy. Many clones had the potential to be classified
into more than one caiegory due to overlapping func-
tions. However, for simplicity, those ESTs were cate-
gorized according to their most universal funciion.
1.6  Sequence alignments and phylogenetic

analyses

For multiple sequence alignmenis we used the sofi-
ware DNAMAN version 5.2.2 ( Lynnon Corporation,
Canada). And the sofiware package Clusial W 1. 831'%]

was used for phylogenetic reconstruction. Phylogenetic
trees were visualized with TREEVIEW 1. 6. 6 "1,

2 Results
2.1 ESTs from the subiracted rhizome-specific
cDNA library

A rhizome-specific ¢DNA library containing over
2 000 recombinant clones was constructed after sup-
pression subtraciive 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 dif-
ferent expression patterns when hybridized with probes
from two types of clones of thizome and leaf.

A total of 35 randomly selected insert-containing
clones from the subiracted rhizome-specific ¢cDNA li-
brary were sequenced and assembled into 27 non-re-
dundani “EST-unigenes” , which provided 27 rhizome-
specific ESTs.

2.2  Sequence and homology analysis of the 27
EST unigenes

The sequences of all the 27 ESTs were loaded into
dbESTs and assigned GenBank accession numbers ( Ta-
ble 1).

By BLASTX ( translation homology) search, 16
ESTs among these sequences were found io share high
homology, above 67% , to diverse classes of genes with
potato, tomato, rice, soybean and other EST sequences
in GenBank as listed in Table 1. The other 11 frag-
ments ( ESTs) encoding hypothetical proieins 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 subiracted rhi-
zome-specific ESTs

ExPASy Proteomics analysis revealed that the 27
subtracied rhizome-specific ESTs could be classified in-
to 6 functional categories according to their putative
function (Fig. 1). A large proportions (52% ) of the
ESTs are grouped in the translation category. There al-
so presented a high number of the ESTs related io ener-
gy metabolism (30% ), which indicated that the rhizo-
me tissue, rather than the leaf tissue, is primarily re-
sponsible for secondary metabolites processing of the o-
verall plant. This is in accordance with the rationale
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Table 1 BLASTX results of 27 ESTs from rhizome-specific SSH library
Si GenBank ' Protein % ,
Clone code 17 en' an Highest BlastX match and accession No. E value " em‘ N .
/bp __accession No. Expect identities
FMX eukaryotic translation initiation factor 2 beta subunit-like [ Sola- 126/131
617  EX172717 3e <68
2005007 num tuberosum ] ( ABB86256. 1) (96% )
FMX
2005021 157  EX172731  calmodulin [ Quercus petraea] ( CAH57708.1) 5¢-09 30/31 (96% )
FMX 935 EX172714 k [ Sol tub 1 (ABB87113.1) 3e-112 2067223
20050004 unknown [ Solanum tuberosum . e (92% )
FMX . .
2005027 349  EX172737  ubiquitin family protein [ Arabidopsis thaliana] (NP_199045.1) 6e-15 37/41 (90% )
FMX 533 EX172712 translocon — associated protein beta family protein-like [ Solanum 36-35 72/91 (79% )
2005002 tuberosum] (ABB87132.1)
FMX coatomer alpha subunit-like protein [ Lotus japonicus ] 169/215
815  EX172716 8e —-97
2005006 (CAE45585.1) © (78% )
FMX translocon-associated protein beta family protein-like [ Solanum tu-
607  EX172720 le-34 71/90 (78%
2005010 berosum] ( ABB87132. 1) ¢ 71790 (78% )
FMX 513 EX172711 tr‘anslo,con—as:sociated protein beta (TRAPB) family protein [ Ara- le-25 61/30 (78% )
2005001 bidopsis thaliana] ( NP_568293.1)
FMX 27 EXIT% protein binding / zinc ion binding [ Arabidopsis thaliana] (NP_ 6o 34 96/126 (76%)
2005022 001031032. 1)
FMX cannabidiolic acid synthase homolog [ Cannabis sativa ]
297  EX172724 2e 04  21/28 (75%
2005014 (BAF65034. 1) ¢ (75%)
FMX cannabidiolic acid synthase homolog [ Cannabis sativa ]
392 EX172733 0.009 18/24 (75%
2005023 (BAF65034. 1) (73%)
FMX
2005025 334 EX172735  iype 11 SK2 dehydrin [ Prunus persica] (AAZ83586. 1) 1.1 15/20 (75% )
FMX 505 EX172715 cytochrome P450 monooxygenase CYP86A24 [ Glycine max ] de-16 41/55 (74%)
2005005 (ABC68403. 1)
F B UBIQUITIN- TEASE 7) ; ubiquitin-specifi
MX 745 EX172725 UBP7 ( Q : N.SPECIFIC PRO SE 7) ; ubiquitin-specific 274 86/117 (13%)
2005015 protease [ Arabidopsis thaliona] (NP_566680.2)
FMX UBP7 ( UBIQUITIN-SPECIFIC PROTEASE 7) ; ubiquitin-specifi
262 EX172726 (UBIQUITIN-SPECIFIC 7) 5 biquitin-specific ) ) g6117 (139 )
2005016 protease [ Arabidopsis thaliana] (NP_566680.2)
FMX irin [ L; i AAF22236.
M 522 EX172721 pirin [ Lycopersicon esculentum ] ( 1) de-43 T1/114 (67%)
2005011
FMX 342 EX172728 Zinc-finger protein ( ZIM ) precursor [ Phillyrea latifolia ] 3o_18 58/119 (48%)
2005018 (CAK18857.1)
FMX 1102 EX172718 hypothetical protein OsJ_014553 [ Oryza sativa (japonica cultivar- 2e 63 91/186 (48%)
2005008 group) ] (EAZ31070.1)
FMX hypothetical rotel Pl di leipar 3D7
033 EX172723 ypothetical ~ protein [ Plasmodium  falciparum ] 0.5 21/56 (37%)
2005013 (CAG25253. 1)
FMX hypothetical protein PFF0410w [ Pl di let 3D7
180 EX172736 ypothetical protein w [ Plasmodium folciparum ] 0.50 2156 (37%)
2005026 (XP_966073.1)
FMX hypothetical protein LOC734927 [ X laevi NP
183 EXI72734 P ened prowm [ Kenopus laevis (NP g 2 130 (32%)
2005024 001089861. 1)
FMX N N
179 EX172729  No significant similarity _
2005019 ‘
FMX 446  EX172719  No significant similari
2005000 o significant similarity _
FMX . NI
295  EX172713  No significant similarity _
2006003
FMX 279  EX172722  No significant similarit
2005012 2 o significant similarity ~
FMX
2005017 94 EX172727  No significant similarity _
FMX
96 EX172730  No significant similarity

2005020
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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, KEX172711,
EX172723, EX172724, EX172726; twanscription,

such as EX172727, EX172734 , EX172735 ; stress re-
sponse, such as EX172730; transcription regulation,
such as EX172722, EX172728; signal transducer,
EX172729, EX172732; hormone, EX172731; struc-
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.
Amino acid
biosynthesis

\7

Transport and
binding
4%

_Cell envelope
/ 4%

Central
e Intermediary
metabolism
4%

Translation

51% Energy

%metabolism
30%

Fig. 1 Putative functions associated with the subtracted

rthizome-specific ESTs in different functional categories

2.4 Phylogenetic analysis of targeted screening
gene

One rhizome EST (EX172715) among the 27 ES-

Ts showed (74% ) homology to a cytochrome P450

monooxygenase gene of Glycine max from the nucleo-

tide database. Cytochrome P450 is an important en-

zyme involved in the biosynthesis of many kinds of sec- -

ondary metabolites in plant species. Using the deduced
amino acid sequence of EX172715 o search by BLAST
in NCBI, we obtained twelve more amino acid se-
quences from other organisms (Fig. 2A).

Here, we analyzed EX172715 thai are potentially
involved in processing of iridoids synthesis-related pro-
teins based on sequence similarities with other 12
known cytochrome P450 proteins. The ¢cDNA encodes
a 89 amino acid protein. The deduced amino acid se-
quence of EX172715 shared 63.5%, 63.5%,
66.7% ,. 61.9%, 61.9%, 60.3%, 60.3 %,
58.7% ,57.1% , 50.8% , 61.9% and 68.3% i-
dentity with that of CYP86A7, a pupative P450,
CYPB86A24 , CYP86AZ, AT4g00360, CYP86A4, and

CYP86A8 ( cytochrome P4A50 subfamily) from A.
thaliona,  0s04g0560100,  0s02g0666500, and
0s01g0854800 (japonica cultivar-group) from O. Sa-
tiva, Triticum aesitvum cytochrome P450 and Viiis
vinifera hypothetical 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. thaliona, T. aestivum and
V. wvinifera than that from 0. Sativa.

By phylogenetic analysis, EX172715 is similar to
other genes, with F —value < 0.001, including cyto-
chrome P450 ( CYP86A7, CYP86A24, CYP86A2,
AT4g00360, CYP86A4, and CYP86A8) from A.
thaliana, cytochrome P450 from T. aestivum, japonica
cultivar-group ( 0s04g0560100, 0s02g0666500, and
0s01g0854800) from O. sativa. V. vinifera (hypothet-
ical cytochrome P450) was used as outgroup ( Fig.
2B).

A

EX172718 q G ILEKISSKDG 62
A.thaliana_P450
CYPEEAT

CYPBEAZd
T.aestiyum
0502490666500
0504¢0560100
V.vinifera
00190854800
CYPBELS
CYP8EAd
CYP8EAZ
AT4g00360 B S LUPKER 63

V.vinifera
EX172715
1A thaliana P450
cyPgsa7
CYPB6A24

— T.aestiyum

:0302g0666500
0s04g0560100

oypseng  OS01E085480
— CYP86A4
CYP86A2
0.1 AT4g00360

Fig. 2  Multiple alignment and phylogenetic analysis of the
targeted EST (EX172715)

A The deduced amino acid sequence of EX172715 from P.
Scrophulariiflora was aligned with corresponding sequences of
T. aestivum cytochrome P450, A. thaliana cytochrome P450
monooxygenase subfamily ( a pupative P450 protein,
CYP86A7, CYP86A24, CYP86A2, CYP86A4, CYP8GAS,
AT4g00360 ), 0. sativa japonica cultivar-group
( 05040560100, 050250666500, 050150854800 ) using
DNAMAN multiple alignment programme. Black color indi-
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 right
side of the sequence; B: A phylogram tree generated using
the aligned protein sequences revealed that EX172715 shows
highest relation to A. thaliana cytochrome P450 (CYP86A7).
The scale bar represents the substitutions per site according to
the model of amino acid evolution applied. V. wvinifera (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. thaliana
(Fig. 2B). The conserved amino acids characteristic
for cytochrome P450 is present in the sequences; V-E-
Q-K-M-S-L-T-L-F-M-K . However, the similarities
of obtained sequences to the potential counterparis are
useful for phylogenetic analysis; therefore, the given

assignments should be taken with care.

3 Discussion

Iridoids in P. scrophulariiflora are 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 ( 0SCs) to
give primarily oleanane ( beta-amyrin) or dammarane
triterpenoid skeletons. The triterpenoid backbone then
undergoes various modifications ( oxidation, substitu-
tion and glycosylation) , mediated by cytochrome P450-
dependent monooxygenases, glycosyliransferases and

other enzymes (21

. However, like many other terpe-
noids, the process of iridoids biosynthesis in P. scro-
phulariiflora is 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. scrophu-
lartiflora. We constructed an SSH c¢DNA library from
the plant. It is of help in acquiring the expression
spectrum of the structural and regulatory genes involved
in secondary 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

(222 For the con-

for differentially expressed genes
sideration of the phenomena that the shorter insert is
easy to ligate with vector, we collected the subtractive
cDNA fragments in five fractions ( <0.1 kb, 0.1 ~0.
3kb,0.3~0.5kb,0.5~1kband >1kb) . And
27 unique ESTs had been gained in 35 sequenced

clones. After SSH, both high and low abundance of

expressed genes would be normalized and enriched af-
ter two rounds of subtraction and selective PCR ).
Our random sequencing resulis 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. scrophulariiflora before, 16 among
these ESTs had high homology to the known genes in
other plants, while 11 with no significant homology in
the database. It further 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
iranslation. Wild differences have been noted in the
compositions of the iridoids isolated from the under-
ground and aerial tissues of P. scrophulariiflora , which
was also indicative of the fact that there are differences
in the expression pattern of structural as well as regula-
tory factors in the two tissues. The key to the differenti-
al gene expression in the rhizome as compared with the
leaf lies in the function of these genes and it may also
account for the variance in the iridoids profiles of the
two tissues. :

Previous evidences by BLASTX suggesied that a-
mong the 27 ESTs, the nucleotide sequence of frag-
ment EX172715 matches cytochrome P450 monooxy-
genase with 74 % identity from G. max. And its de-
duced amino acid sequence shares 63. 5% identity with
cytochrome P450 monooxygenase ( CYP8GA7, puiative
P450) from A. thaliana. It is probably partial P450
gene. Cytochrome P450 is a diverse array of multifunc-
tional heme-thiolate protein in plant and plays an im-
portant role in secondary metabolism by catalyzing
many kinds of reactions, such as synthesis of plant me-
dicinal compounds including fatiy acids, iridoids, fla-
vones, alkaloids, eic. ™!, Phylogenetic analysis con-
firmed EX172715 is the highest homology to cyto-
chrome P450 monooxygenase from A. thaliana.

Two fragmenis ( EX172724, EX172733) shared
75% homology with cannabidiolic acid synthase from
Cannabis sativa. Futoshi et al. demonstirated that ex-
pression of the gene led to increase of plant secondary

5] A large quantity of intra-

metabolites cannabinoids !
cellular struciural and regulatory proteins can be cova-
lently atiached to ubiquitin postiranscriptionally 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

(el including those that participate in the cell

proteins
cycle, cellular signaling in response to stress and to ex-
tracellular signals, morphogenesis, the secretory path-
way, DNA repair, and organelle biogenesis "), It
is interesting that three fragments ( EX172737,
EX172725, EX172726) have 90% , 73% , and 73%
homology with ubiquitin family protease from A. thali-
ana, respectively. In addition, 1 sequence

(EX172731) matches (96% ) calmodulin from Quer-

1 Other 6 fragments, of which functions

cus petraea
are still unclear, may be involved in the regulation
process, such as eukaryotic translation initiation factor
(EX172717) , coatomer protein ( EX172716), trans-
locon-associated protein ( EX172720 ), zinc-protein
(EX172732, EX172728) and type II SK2 dehydrin
(EX172735) (with antidrought and antifreeze activi-
ties ) P,

There is a high probability that one or more of the
rthizome-specific novel genes might code for a regulato-
ry factor responsible for the rhizome-specific expression
of iridoids biosynthesis. These genes may directly or
indirectly be involved in secondary metabolism of P.
scrophulariiflora.

In conclusion, a host of novel ESTs of P. scro-
phulariiflora were obtained using SSH technique in the
present study. The resulis supported the value of SSH-
based EST sequencing as an approach complementary
to EST resources for functional genomics research in P.
scrophulariiflora. We made bioinformatic analysis of 27
differentially expressed ESTs in comparing rhizome
with leaf tissues by screening SSH library for the first
time. The most significant finding in the cwrrent siudy
is the identification of an EST (EX172715) encoding
secondary metabolism-relaied cytochrome P450 monoo-
xygenase with the highest homology to that from A.
thaliana, and 11 ESTs with no significant homology in
public databases, which could potentially be regarded
as novel genes or 3'-terminal of full-length ¢cDNA. This
result could provide a useful starting point for isolation
and identification of novel rhizome-specific genes.
Therefore, this study has been included for the first
time in a molecular genetic analysis to determine novel
genes related to secondary metabolite biosynthesis of
P. scrophulariiflora.

This report provides a good foundation for full-
length c¢DNA cloning, gene function investigations,
molecular mechanisms of modulating secondary metab-
olite biosynthesis in P. scrophulariiflora in further stud-

1es.
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