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ARAKEHEEDE RNA RESHMNEHLIE

#%+% 1 Ksper,J. M.2 Hadidi, A.2 Tousignant, M. E2 & %!

YRR B ERREWH AT, LI 100080)
?{Plant Sciences Inatitute, USDA-ARS, Beltsville, MD 20705, USA)

LAR SR P FF S 7EHH W # (Arabis Mosaic Virus, ArMV) JE RNA(sArMV) R385, D&/ DNA
EEHMAIH, SRR T ~PCR "4 4L KH ds cDNA , ds cDNA B P 3% £ EcoRI Adaptors,
FABIZ EcoRI BHRAYNBEEILEY pUC 9 R A, $4k E.coli TM83 . fi| 2P PRICAT sArMV R4
BT R 23 EcoRI AR, ikt 54K cDNA FENWE. A Taq Track® Sequencing
Systems ) F 554325 - TLBEE) sATMV cDNA i 300bp BB AR, 5K RNA 35 Frid
SRHRA, FF P HREHAEN G 54 PMETRARGEE, RAZEHRLRGWEGEH BU# 5'GUC
L3 M EWhEE. .

XA WIFREHHETE RNA; B8, DNA 7

H M Kaper ] 9564058 T WEMH S @ RRORETE RNA(CARNA 35), B
éﬂﬁ*ﬂﬂﬁ%ﬁi$kﬂT$lﬁéﬁf&ﬁ%§ﬂﬁﬁEﬁ§&ﬁéﬁﬁﬁEE RNA B | s
EILE RNA WITIREHERE, EAHRYABRT 3 2%, NEmBBEREn S, RN
BREHRER T AR R B . XEORE 2R ETE RNA , FIL#BE
RNA BB EHF 1T Z%MA B RN BN S8 (Ribozyme) 254, MNFRLEWRETE
RNA(sAIMV) &4 - BHEN H 54 B8R4 N2,

SATMV ZMEH N RN R E L E RNA, 805 RB LMY nettiechead 55, £
¥R ## (Chenopodium quinoa) ERAFENENHARARERER, EHDENTEESRK
BMEE — Mo FEH, A AMV B#RNERERL RNA 47, T AMV REBR
WA, sAIMV B8 B & 8 S RAY 80% LA E ., IR sArMV K RNA FRI347, ©
R 300 BEHEMAR. SHERENEHYELRER D | LE MR ROBhEEN,
SAIMV Bl BRSNS THER LS 5 B8 2, 3 BBHFALNERS T,

ALHH HHREE sAtMV 2§ cDNA ISR B E RN LIEH S T4
FHIH X B E AT A BB,

o ¥ %

(-) FBWMRMFSTE RNA Wiy
KK ATMV (S sAIMV) W68, B &0 FRFS S MR EE  Chenopodium
quinoa), iRk 2—3 AR, W MBS A, H4E Davis A1 Clarck 1 4R H) 5 BHEEL AcMV

EYF 1992 £ 10 A 8 Ak,
s PREERIIRE.
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5idE, FiM — SDS HhiE ATMV SRS M, KR Kaper H A8 rate zonal L%
B ATMV E[E4] RNAs fil sSAtMV , &l sArMV B3R — B R EEN R ArMV BE
WA TR e M, St 6% BNBERIER BN (PAGE), BEH sArMV KA
i B 4 o B T 2R ARk sATMIV |, S4BT sAIMV {4 cDNA & BUFHER, 4
" -T0°C&H.

(Z) sSArMV #) ss cDNA &gi# ds cDNA fi 8 (RT-PCR ¥ i)

H4E sArMV @) RNA FRI4 A, 8 2 4 DNA BEHR5 Y G 1 sl
27 —2), S5 sAtMV ¥ig% ss cDNA fxUEE ds cDNA #18. ss cDNA iAok L%
PR 3 g sAXMV(30 pmol) #1 1.55 4 g DNA 3[#7 -1(300 pmol) B&i# T 30 p 1 ¥
Je2EWGE (1x : 50mmol/L Tris — HCL, pH8.3, 75mmol/L KCl, 3mmol/L MgCl,, 10mmol/L
DDT)100 °C 4bF 5 4r4h, K 1 4080, BREEHEE 1 A6, (#sAMV it 5 DNA
A4 -1 . BRI, MIA 20 ul RETH (B 4 615 x KEaEME, 5 ul 0.3mol/L j-
B, 5 ul 10mmol/L dNTP, 20 U /0.5 ul RNasin, 400U /2 pl M-MLV [ # %8
3.5 pl TEFK) . 42 CTRE 1—2 /A6, B3R sArMV ss cDNA &S, EBS
ul B B 5 — Eppendorf %41, MA 45 ul PCR I #KE WK (&4 5 pl 10 x PCR Z
#%. 11 10mmol/L dNTP, 60 gmol/L/1.2 ul 31%5 -1, 60 pmol/L/1.2 ul 3|4 —2,2.5U/0.5
gl Ampli Taq R DNA BA R 361 ul TEFK), H 50 ul THMERL Bi It R R R,
575 Perkin Elmer Cetus PCR ¥#{{f, PCR PHENMERFE: 94 °C /1 min, 55 C /2
min, 72 °C /3 min, {FT 40 REFTWHH, BEEK 2T /10 min , PCR ¥ H¥4 &% W /5 8™
PER 0.5—2 ul, F 6% PAGE M4 TG & A ds DNA B /s B = o T B 3
(=) sArMV ds cDNA B i 2 EcoRI Adaptors
RT—PCR #1849 sATMV ds cDNA FISBE® / 8 (11,V/V) #iiR—K, Z8i
w488 Ribo Clone ® EcoRI Adaptor Ligation Systems F3 18 sArMV ds cDNA 9 5
pamEERn (S, HFR4 91358 EcoRl Adaptors . 30 ul RN EREIE: EEA ds
¢DNA,3 pl 10 x HEEWW, 3 pg/3 pl BSA7.5pmol/1 1 1 EcoRI Adaptor, 2U/1 pl Ty
DNA R 22 pl TETK. HM&H: 14 C, 6—12h . 38 sArtMV ds cDNA 4
EcoRI Adsptors iy 5 3 SMBLE, Al / SOMEMZBTUR. IREFESEXRT
krh, @it Bio—Spin 30 & (Bio-Rad P*§%) E#7, 7 Beckman GPR &R K FHLHHTF
2200rpm/1100g B5.0> 3 4h8h, FBALAIEES,

(1) sArMV ds cDNA f52 B# 7 MR g

B3y pUCS Al EcoRI B A I BYRR AL 40 B8, 4L A9 sATMV ds cDNA E#S
R4 B BENG TL i pUCY R, 15 CHEEIN. MO RMERFYRLBRZTHM (E. ok
INS3), WL (YT 5572 74 5g NaClsg BRI, 8¢ B, 15¢ bacto-agar,50mg
Ap . EPILFETFEH 50 ul 2% X—gar RII) BWE 37 CHALK, hESCHEI K
#5) 82nm NYTRAN B (Schl ei cher and Schuell, Ince Keene, NH){(BEE4E3HE AP YT
FOlE) f YT FOd, FEERMAZNITE. [ 2P fRicl) sAtMV R TE. A
NYTRAN Bk 5 sAtMV FEF AR AR R FHEE, BERRLER, H EcoRIR
%, PP 6% PAGE AR EBAIEA N cDNA FERIIK/), HEFTHEK sAtMV ds
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cDNA F Briy R 47 R Pl 17 o

(F) =MEH sArMV cDNA #FBiEF7IME

RN SRAYELLTE, HOUE M F LM TaqTrack ® Sequencing Systems f45 5§ 1% i
. ¥ P—dATP $RIZH P2 00 CHLTR 5 o, DIHED] 8% FHIRED, HikFFEH
f 35—40mA /1500 — 2000V, ke, FRIRER (LB FIEET) HTHOHEE
¥. KBFERBIANETRTS.

(%) B#If) sArMV ds cDNA #&a TR

148 EcoR! M§ R4 H7, ¥ sArMV ds cDNA Tk iR [k i EcoRI Bifg, 1.5% ilfig
Bk B £ B R ALK ds cDNA H B, 2514 A% pSP65,pGEM3Z #l pGEMIZE(-)

FRd, $AABZEHE E coli DHSe MKBLERE.

&

SAtMV 7ESRBER T M S48 RNA 4 7, EF THRTHFE PR UMM &

RNADF.B1EBxR ArmmV 5% #F RNAs
FRLFFHEWEIEE (Chenopodium
quinoa) B S B #84) PAGE 745 R,

H1 ArMV $i# RNAs MR ArMV Si# Mk
W S HRETHRHN 6%PAGE 44 Hi#
Al MEMBHMOBE. 2. B AMVHE
HROBR
B: 1. M AcMV WE RO HR,; 2. #op
AT™MYV §5# RNAs
Fig. 1 Comparative 6% PAGE analysis under
denaturing conditions of RNA mixtures from
ArMV infections in Chenopodium quinoa
A:TNA extracts of uninfected (lane 1}and
ArMV-infected(lane2) B:TNA extracts from
ArMV-infected plants(1 ane 1)and purified
ArMYV virions (1 ane 2)

M 2.3 4

N -

§
s

M2 sArMV fJ RT-PCR § =¥ iE & EcoRl
Adaptors [§7E 6%PAGE B~
M:DNA % 78 marker, S BXRAN591% 587 , 454 |
434 , 359, 320, 298 ., 282, 267, 173, 102 #
80bp,1,3. iE$ EcoRI Adaptors ) sArMV ds cDNA ifizd
Bio—Spin 30 B> B&Y™4;: 2.4. 53R Bio~Spin
30 HZIEHHR
kA EH RT~PCR § i) sAtMV 2K#) ds cDNA
Fig. 2 Analysis of the RT-PCR amplified sArMV ds
c¢DNA products ligating with EcoRI Adaptor on 6%
PAGE
M: Molecular DNA marker with fragments size (bp) of
587,454,434,359,320,298,282,267.173,102 and 80; Lane |
and 3,8ArMV ds cDNA ligating with EcoRI Adaptors
passed Bio-Spin 30 column before: Lane 2 and 4. the
same products passed Bio—Spin 30 columm after: The
arrow indicated full length ds cDNA band by RT—RCF
amplification
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Ll sAcMV 34 FF 9| & B DNA 5(%) (p18-6) f 448 cDNA Synthesis Systems #
BRILIKGR /N BLE) ds cDNA . B4 sArMV ) RNA 53§86 2 1 DNA 5|4 (519
-1:16mer,5 GACAGTTACTAGGATT 3/, 5 sArmV {4 nt 285-300 H 3}, 5{47-2:16mer,5
GCCGGATGTGTATCCG 3', 5 sArMV nt 1—16 FE), #R&HH RT—PCR § #:A0+
BPAEB sArtMV 2K # ds cDNA , B 2 B3 0.5—1 ul RT-PCR =#j# & EcoRI
Adaptors §] 6%PAGE 9 ¥réE B,

RT-PCR ¥ i##y sArMV ds cDNA #) 5' SR B ILG 7T E S &I S AR REAT
B T3k A 37 &5 (EcoRV Hpal 5 Smal) ik . 2328 % RiboClone ® EcoRI Adaptor
Ligation Systems #I§, ¥ PCR # 1% sArMV ds cDNA P35 iE R EcoRI Adaptors, 3
{#f Adaptors 5’ ¥BERE{LAHY ds cDNA Ed Bio.—Spin 30 H:ZE4T, Br3 30bp BATF (245 DNA
F14m) B9 HRE . Si{bAY ds cDNA A %] EcoRI BB#RAY IR BEER LAY pUCY IR, ¥
{t E. coli IM83 B EH MM A A TEN. HEERAKMZHE, B %P-ATP {fid
B sATMV {E 5 E, WESH 5 M EBRIIFIRVMTRERN (B 3) . MERREARNHF
H EcoRI B§#%, M4 BrRuM@ AR MRS NE 1.5% FIEE Rk =g
*.

-~ oo E

: 4 L4
ﬁf.‘v‘ » Cay * .
. & \ b
P,
SRS ke
&t F-
.

Bl 3 7 NYTRAN B L@y sArMV ds cDNA SRR EH FIREER (A 32P-ATP 06 sArMV N4
Fig.3 In Situ colony hybridization of sArMV ds cDNA coloes on NYTRAN membrane using 32 P—ATP labeled
sArMYV as probe

5 B pUCY B4 ik % EcoRl BBEISRHIW 1 6% PAGE M4 sArtMV ds
cDNA frBEEM4. BF sAtMV &4 1 4 EcoRI B4, &H LK sArMV (&
SR % BooRI ALFESS, BUKRE R4, 2 J B (88bp A 212bp), A BUBiE & EcoRI
Adaptors f5. F74>142 104bp £ 224bp, B RAKREH 3 4 B (53] % 104bp 224bp F
300bp ) . B 58 5 MEARE (6 SHAEFR) +, HALBSHE: 1E8F2 4
Br (300bp #1 224bp), 2 B A 120bp KK, 38843 KE: (300bp , 224bp F
104bp),4 S& 4 2 KB (224bp Al 104bp)5 S5 4 2 H B (£ 250bp Al 104bp) . LR EN,
3 SEAIFKR sATMV ds cDNA (5 AUKSTRE . 314 16 76 5 B 00 L 81 P P VTR S
WA BT RIS

¢ TaqTrack ® Sequencing Systems B4 SIMEEARML 2 . 3. 4 7 5 HH
BEF, HRHAT 3. 4. 5 BHERFNR 2 BHRMFS, MM 4 HRA TR
BRI e —B. B 6 BiR i sMA sAtMV ds cDNA BHME M RNA &
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BHEBTEY, s ETERFANART sAtMV ) —REEWEH (I 7) . ¥ sArMV ) DNA
FF % FRAMYS sAtMV # RNA P EiEHLE, BIABETFRFIIZE—EANEGR (£
RNA FHIMRIEE BB A S, Usea M Uxe HEF UM C B BERE, LB DNA
FRlR A BB, BE Coos M Caoe RIEHH) ,

6 5 4 1 2 3 M

M4 xRH pUCY EAREE 1.5% FATEEIKTN

=47 (EB Bef)
A:1.2,3.45 4515 3P HRicH sAtMV HRERR  H5 RRH pUC REFES EcoRI WG S 6%

HEARY: 6. BAARRKNMMEAR; MpUC PAGE MO8 >0
B: Al EcoRI MRS 04l RS M: DNA £F%& marker; 1—5 2525 2P fFics
sATMV 32730 K Ry ) M4 Y
6. BARXENEAHR
Fig. 5 Analysis of the products cloning recombinant
pUC 9 vectors digested with EcoRI
M: Molecular DNA marker; 1—5: The recombinant
pUC 9 vectors hybridizationable with 32P—labeled
sArMYV probe, respectively; 6. The vectors
hybridizationless with 32P—labeled sArMV probe

Fig. 4 Analysis of the products cloning recombinant
pUC 9 vectors inserted with sArMV ds ¢cDNA on
1.5% agarose electrophoresis
A: 1—5,The recombinant pUC 9 vectors
hybridizationable with 32P—labeled sArMV probe,
respectively; 6. The vector hybridizationless with
32p_ labeled sATMV probe; M.pUC 9 vector
B. The same samples digested with EcoRI

5 GCOGGAUGUGUAUCOGACCUGACGAUGGAACAAAAGGGCCGAAACAGUACUGCGUCAUGOOGAGUUGGGCAUGGG
GAGACGAGACGUGAAUUCCUCUGGAUACUCCAACGGGUAAUAUACCACACAAGGUGUGUUUCGCCGUUCCGCUUC
GCUGUUGCUUGUGGUOGUUAGCCGGACCACUCUGGOGAGAGUUACCOGGGUUACCCCUAAACAAAAAAAGUGAUG
GGGCUACCCGGUGUGGAUCGACACCGGGGUAGGUUCGGAUUUOCCUAAAGAAACGAACUAAUCCUAGUAACUGLC ¥y

6 sArMV (IR P E il
Fig. 6 Cloning sArMV nucleotide sequence
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g - A G. ¢ A. U
¢ - A G- € c €. G -
. 3 i . .
Eacaceleoceac® © Cranvec” cvanceCicecceealor ucce Crucacca’  Caaacacr Yoce® © Scoac A ceaea® “A
L el e e
570766 CCCAUC, | AUUGEG CAUUGASAGGGGUCY GAC ¢ AGGC , GAUUGCU;  (UUGUCG(, (UGC, CeLe, (SR,
€. € ¢ N P § cu
6. ¢ . G 0. A
o C
G- C 200 U 150 §- ¢
4 u g1 ¢
A A . G
¢ A ¢
i) A c G
¢ G u u
A A U . oA
A A U. A
A A G. U
U- oA
G- U
U. A
6. C
G . C
AT
A
T A

B 7 sArMV HHFER M S5 HEHT

Fig. T Secondary structure of sArMV producted from the nucleotide sequence

TERER) 3 SEAMRM & F AR sAtMV ds cDNA . 3 SEARNE EcoRI §5#F,
1.5% sk, MBHEHE 300bp,224bp 1 104bp 1 B, 4+ WREES] pSP65 |
pGEM 3Z fl pGEM 9Zf(—) Bk~ # sl A R i 1E 18181 5 e HEDIUF g AL, FLE 3
BEREE, AT WEEERNWESFTRS EcoRl BEMKEE 5 2K RAREN 1 4
224bp FrEt. E 8 BTN HA FR 8 EcoRI K i Bl .

sATMV (IE#) &4 — &R BB (Ribozyme) &34 F, A HRYIPF 5'GUCT..3
ZHBMEY ALY, i DNA F5f RNA FRIAWER, BRNEAXIMEME
HMEBHEEN 54 BEFRAR, WR—TEENELREBEHNS T, SEENEHT
FHUMEEHEFRFKETE (E#)RNA(sTobRV) I E /L RBH ¥ T E RNAGE
#)(sCYMV)™8], B 9 BRaX S Fiea R 251 . LR HEMIE N A RBA LYW
Bf, sArMV BIMIFR G FHA SR F (H 10) . IBRWET b AERUER ArtMV
MREEEANEZBRPIETREMNER —FH5RE sArMV, THERAN ArMV WEEB P
FHERE SAIMV, I FEBHERIBNERN, LBN sAIMV fEBE AIMV 5F#EH.

SN 3 SEARNG sArtMV B8R nt 1 - 300 — 1 — 300, £ EcoRI 8§
BERBESENBHBREMNEFRFTHERE nt 89— 300-1-88 , R RWREEFHN
cRNA RLAM RNA, K THYENMIFE RNA . REEEASETRMBBEEHMN
EHRFS), Bl ot 205-300-1-48 , AIZR#ENY RNA & IMETHERAB IR TES
BB ERN, EHit, sATMV BN RH YN cDNA SEEFREMN
SRR gk tr g S
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Fig. 8 Analysis of subcloning sArMV iso-
monomer of recombinant vectors digested with
EcoRI on 6% PAGE

1,2,3,4. Recombinant pGEM3Z vector; 5. Re-
combinant pGEM9Z{(--) vector; 6. Recombinant
pSP 65 vector; M: Molecular DNA marker

Circular sBArMV

4 BRAS: AIFRERETIE RNA BILEMN S5 6 245
(1) 47 --¢ U ~-- 450
A-T
U-a
& +5CYNV
A-{j 457
S
*6oac T e fcheacty
A [y tit G -- 10
ccig
? ‘GUAGI'JCCGGCCCAG
i
30 20
@ 49 == A A -- 284
g-¢
K-U 300 ANV
C-g ///1
A-
AAG(EGQCGAA ;“Cccuau%
C'cé“' 11t g -- 1o
A i Uage,gubeaSCCu, v
i
30 f
20
3 47 -- AG C -- 3s3
f‘é +sTobRV
- /a‘ss
A aah-U 7
G GGAcS ,5 accecaly
g Lot 1111); 6 - 1o
cCeus, pCUGGCCY e
B8 FHRH sArMV RHRRHK de cDNA EHE i Guats,
SKH EcoRI M™% 6% PAGE 4 20 !
1,2,3,4.pGEM 3Z K#f#®; 5 pGEM 9Zf(—) & ac
HEN
6. pSP65 MUK ; M.DNA marker B9 =MBMEE R R S

1. HERLMBHE LR RNAGER) (+sCYMV);
2. WIFRAEH R ITE RNA(ES) (+sArMV);
3. HEFRHB TR RNA(EH) (+sTObRV);
WL RTENA BRIWNL A
Fig. 9 Hammer head structure of three Ribozymes
from the viral satellites of arabis mosaic virus
{ArMYV),chi—cory yeliow mottle virua (CYMV) and
tobacco ringspot virus (TobRV)
Arrow indicated the proposed self-cleavage site of a
circular form

Linear sArMV

(AACUGUC L GCCGGAUGU) (AACUGUC" 5'Gccccwcu)

B 10 EERHEA FHAR sArMV G TFHERSNNS T,

(W 3L 3% 7 BUMHT L £0)

Fig. 10 Circular form of sArMV was self-cleavaged into linear form of sArMV
Arrow indicated the proposed self-cleavage site

VIR $7 sAtMV cDNA LR+, o FHEAKG4 (p18-6) BARIE sATMV #

FRFR G R, U RTREERE SRS

cDNA, HRE sAtMV &RV R AL A& R
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o P ¥ M 33 % -

i 2 A3 E R sATMV B FHRE S RYBER AL TFREQ TH, 21 RT - PCRY
T KB CRM2KH ds cDNA

RAFHAETH RT-PCR MR ET2RMER cDNA KA. EEHRER

HREAFEH (ASSV) . FEKGEIAE (PRSV) . ¥RUAFASRE (DAV) | MEEREONE
(CEV) . #iH4 cachexia 2557 # (CCaV) ML B BB ERRGR (PSTV) HiFEEAN
e 01 U RRBSIEEA U7 2K DNA B8 TR, X MHTEAEAD
BEASETARFTRA.

8 ¥ x W
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STRUCTURAL ANALYSIS OF SATELLITE RNA OF ARABIS
MOSAIC VIRUS AND ITS RIBOZYME

Yang Xicai ! Kaper,J.M.? Hadidi,A.? Tousignant M. E. 2 Tien Po !

I(Imtitute of Microbiology, Academia Sinica, Beijing 100080)

2(P1ant Sciences Institute, USDA-ARS, Beltsville, MD 20705 USA)

The full-length ¢cDNA of the satellite RNA of arabis mosiaic virus(sArMV} was syn-
thesized using specific DNA primers by reverse transcription-polymerase chain reaction
(RT-PCR)amplification systems. The amplified cDNA was ligated with EcoRI adaptor and
inserted into EcoRI digested dephosphorhlated pUCY vector. “The recombinant molecules
were transformed into E. coli strain JM83. Transformants were screened by in situ colony
hybridization with a 3?P-labeled sArMV probe. The recombinant pUCY clones containing
full-length sArMV cDNA inserts were selected by digestion with EcoRI and polyacrylamide
gel electrophorsis(PAGE) analysis. The complete nucleotide sequence was determined by
TaqTack Sequencing Systems. It was revealed that the sArMV isolate from the hop strain
consists of 300 nucl eotides. The cDNA sequence is similar to the sArMV RNA sequence; and
the sArMV contains a complete ribozyme hammer head structure with conserved sequences
in hold face, which has a 5'—=GUC330Gs... 3' self-cleavage function.

Key words sArMV; Ribozyme; DNA sequence
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