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Developing a NASBA-based subtraction method for identifying unknown genes
expressed specifically in one tissue having a biological function and character
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A new method has been developed to detect RNAs differentially expressed in one tissue (tester)
compared to those in another (driver). The method is primarily based on subtractive hybridization between
short (<300 nucleotides) driver cDNAs, amplified from a single-stranded RNA by NASBA and PCR, and
single-stranded complimentary RNAs (cCRNAs) by NASBA. After hybridization between these amplicons,
the tester cRNAs that do not hybridize with driver ¢<DNAs are exponentially amplified by NASBA and
subsequently cloned. The methotd appears to have several advantages over standard cDNA subtraction
methods, including the smaller amounts of total or poly(A)* RNAs required as template and the higher
probability of isolating rare RNAs from the tester RNAs. To evaluate the method, we attempted to isolate
differentially expressed genes from healthy and cuciomber mosoic virus (CMV)-infected tomato. Of 120
subtraction-derived clones, 61 preferentially hybridized with cDNA from ChMV-infected tomato, Of these, 10
clones were further sequenced and semiquantified by real time PCR. Five of the ciones were indeed
induced upon CMV-infection and represented genes encoding a transcription factor with ATPase activity, a

cytochrome P450, PR-4, ubiquitin-conjugating enzyme E2, and a salt-inducible protein.

1. BIREHN

AR DS THES SR T 5 LT, BhicEb
SWMETFERENTH I R, —DOEELENND
oizd. SHRARRERE—OMEEEERFE M
5, FORBRAOBNICE D, PO - BEE
FTHIEAN EHEL TnD 2 a5, SR
SET LG T - BEICE< b T
VATRREASE NS R SD, Bk O
B REEET BT OHEO—D &
LC.cDNAY T h 52 g e TER,
Ld L, fERO cDNAYT R 373 a kiciding
ONOEEAD S D, LFEOBMICEFRTSTHo
feo BREAEO—DE. N TRERO LWER
FOHREIE LN & THD, Linl., #BRTH
BT 5BET ORGP EOMEEFERENRD N
ZEMSMDTWS, £ BHY—DOEESIL
DNAHT F5 73 araR5RDilid#flEnhscs
<@ mRNA 2T 25ENRHSZETHD. L
fobtio THEORE I S N ERIc B SRR
R T OREHIR A o T,

FEROMESERET 50K, BERRIhk
LR PNEE YT RS 2T TN TUFA

¥—3i 3 »EflBHEHEHE nuclkeotide sequence
amplicon subtraction (NSAS)iE#HEE Lz, LT
BRRIZ T VAR R T B W TR RAICRRY
Bz T OB R{T OB TAEORRIE L S i E
Tl

2. FsnEsA
2.1. A%

RNA g Fao)ETFA 701 A CMY)
RS 28RO b - S EROREO bR RS
4 RNA 2L, 9T 4T Eha—XickD
mRNA ZRH U7,

JERETOEE RNA Y7 50 a IicRR
HETF mRNA ORSRSEEEFERII T D
S A BEROEERANSRETF A P rb—hT
G e AW TIHEE R CHEE (NASBA) &
B AS—PHEERE (PCR) IZEDEMEL .

5'-AGGCGTGAG[$]G{§]cw{é@c{ﬂ[ﬁ]mma

2x3 x 32 x 2x2 =144 degeneracy)

~=201-



RNA #7F 5555 CMV BRBIURSE -
< N HSEOBEETIENERWT Fg 1 OEBRIC
RUEFBERES T CMV B b v MR
HEPE L TR, yo—22 0 Lk

Driver (heathy)

Tester cmv-infected)

Amp, cRNA X’Nﬂ
m hRNA
attached adapter
Amp. cDNA attached poly A

@i«ening,m (nexcess)  Ometie hybridization
“— = }-A. Bend D] e
P AA

@Malting, hybsidization and
separalion with olige dT latex
AR

| [BaD]
== [C]

*Amp. with the primer, =
[omarmmes

e
Exponential amplification
of target hRNA

Fig. I. Schematic protoco] for NASBA-based RNA
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Fig. 2 Southem blot hybridization
with 2P-labeled subtracted cDNAs
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Fig. 3 Screening of
subtracted cDNA
clones by 3?P-labeled

1 tester and driver
cDNAs.
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Tuble 1. Tdentification of subtracted cDNA clones by nucleotide sequencing and degree of up-regulation of

themn by real time PCR analysis

Clone No. Homologous genes mean ACP Fold up-regulated
1 Transcription factor with ATPase 4 16

4 Cytochrome P450 19 36

58 PR-4, Osmotin 9.7 93

69 Uhbiguitin conjugate enzyme E2 34 11

72 Salt inducible protein

not determined Up
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