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　　 [Abstract ]　A n efficien t and effective p rocedure fo r the ex traction of h igh2quality RNA from w oody p lan ts

w ithou t the use of pheno l, o rgan ic so lven ts, o r alcoho l p recip ita t ion is described, w h ich is based on silica cap tu re.

T he m ethod described has been successfu lly used fo r the detection of PDV and PN R SV in cherry by R T 2PCR assay

using DNA p rim ers fo r the vira l coat p ro tein region. T he expected sizes of the amp lified p roducts w ere 172 and 449

bp. Samp les from bark, leaves and buds w ere used. D etection of vira l RNA in samp les of to ta l p lan t RNA p repared

using th is m ethod w as found to be as sensit ive as the m ethods p reviously described using the comm ercia lly availab le

Q iagenπs RN easy ex traction k it.
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　　T he reverse tran scrip t ion2po lym erase chain re2
act ion (R T 2PCR ) is a sen sit ive amp lif ica t ion p ro2
cedu re that has been u sed to detect the p resence of

p lan t viru ses w ith RNA genom es[1 ]. T he advan2
tages of the PCR techn ique include h igh specif ici2
ty, the theo ret ica l sen sit ivity to detect a single tar2
get mo lecu le in a comp lex m ix tu re, and h igh samp le

th roughpu t. In comparison w ith enzym e2linked im 2
m uno so rban t assay ( EL ISA ) , it is mo re sen si2
t ive [2～ 5 ]. T h is characterist ic is especia lly impo rtan t

fo r t ree viru ses that have an erra t ic d ist ribu t ion

w ith in a p lan t and are p resen t in low concen tra2
t ion s[6 ]. A lso in situa t ion s w here good quality an t i2
sera are no t availab le, PCR p rim ers w ith any de2
sired degree of select ivity can be syn thesized at a

m uch low er comparab le co st than that associa ted

w ith the developm en t of monoclonal o r po lyclonal

an t ibodies. W ith the vast increase in nucleo t ide se2
quence data availab le in genebank s on the w o rld

w ide w eb, it is po ssib le to design p rim ers specif ic

fo r the detect ion of a large num ber of viru ses.

P runu s necro t ic ringspo t ila rviru s (PN R SV )

w h ich infects a ll P runus species in its m any

stra in s, is a m ajo r viru s d isease of sw eet cherry

w o rldw ide and, a lone o r together w ith P rune dw arf

ilarviru (PDV ) , cau ses severe lo sses on sw eet cher2
ry [7, 8 ].

T he ch ief lim it ing facto r in the app lica t ion of

the PCR techn ique in the rou t ine diagno sis lies in

the p repara t ion of good quality nucleic acid, free of

PCR inh ib ito rs. T issues from w oody p lan ts, espe2
cia lly w hen field2grow n, such as m any tree fru it va2
riet ies of M a lus, P runus and Py rus o rig in [9 ] , can

con ta in h igher amoun ts of pheno lic compounds and

po lysaccharides. M o st standard nucleic acid ex trac2
t ion p rocedu res can no t remove con tam inat ing

p lan t po lysaccharides o r po lypheno lic compounds,

w h ich can have direct inh ib ito ry effects on sub se2
quen t PCR amp lif ica t ion [10, 11 ]. A t temp ts to over2
com e these lim ita t ion s included the developm en t of

mo re elabo ra te ex tract ion m ethods, w h ich emp loy

po lyvinylpyrro lidone ( PV P ) o r cat ion2exchange

resin s to chela te po lypheno lics. T he u se of specia l2
ized po lym eric m atrices, w h ich irreversib ly ab so rb
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inh ib ito r compounds, together w ith po lyethylene

glyco l ( PEG ) p recip ita t ion as an alternate to

ethano l p recip ita t ion of nucleic acids, has been de2
scribed fo r the R T - PCR detect ion of PDV [12 ].

T he RNA silica cap tu re m ethod w as first ex2
p lo red by Boom [13 ] and app lied to b lood test on

m edical. Q iagenπs RN easy k its is a lso based on sili2
ca gel m em b rane of sp in co lum n, w h ich com b ine

the advan tage of guan id in ium th iocyanate lysis

w ith pu rif ica t ion of silica cap tu re.

In th is paper, a modif ied silica cap tu re m ethod

fo r RNA iso la t ion from infected cherry trees w as

developed in o rder to detect viru s in w oody t issue.

T h is m ethod rep resen ts an inexpen sive and simp le

m ean s fo r ob ta in ing suff icien t nucleic acid from

tree leaves and bark of a quality app rop ria te fo r

R T 2PCR.

1　M ateria ls and m ethods

1. 1　Plan t ma ter ia ls

　　A ll samp les w ere ob ta ined from know n un in2
fected ( negat ive con tro l ) and natu ra lly infected

w oody ho sts ( sw eet cherry trees) m ain ta ined in

the field at the In st itu te fo r P lan t P ro tect ion in

F ru it C rop s,Do ssenheim , Germ any.

L eaves, buds and bark s w ere co llected at vari2
ou s stages du ring the grow ing season. To accoun t

fo r the po ssib le uneven dist ribu t ion of viru s w ith in

one tree, samp les from at least fou r d ifferen t

b ranches of the sam e tree w ere ob ta ined. Samp les

w ere tran spo rted at room temperatu re, then sto red

at 4 ℃ fo r a w h ile o r on ice fo r a m ax im um of 3- 4

days, o r sto red at - 80 ℃ un t il they w ere ex tracted

up to 1 year la ter.

1. 2　Prepara tion of tota l RNA extraction

(1) M odified silica cap tu re m ethod: R efered to

Boom πs[13 ] m ethod and modified as fo llow : A pp rox i2
m ately 0. 3 g t issue w as p laced in a samp le bag

(B io reba, Sou th Bend, IN ) and, w ith a hand2held

homogen izer (B io reba, Sou th Bend, IN ) , homoge2
n ized w ith 5 mL grinding buffer compo sed of 4. 0

mo löL guan id ine th iocyanate, 0. 2 mo löL sodium

aceta te (N aA c) , pH 5. 2, 25 mmo löL ED TA , 1. 0

mo löL KA c and 2. 5 göL PV P240 ( T he buffer

cou ld be sto red at 4 ℃ fo r severa l days). 500 ΛL of

the ground p lan t m ateria l w as then tran sferred to a

1. 5 mL eppendo rf tube to w h ich w as added 100 ΛL

10% N 2lau ryl sarko syl and 5 ΛL 22m ercap2
toethano l. T he m ix tu re w as incubated at 70 ℃w ith

in term it ten t shak ing fo r 10 m in, p laced on ice fo r 5

m in, and then cen trifuged at 13 000 röm in fo r 10

m in, 300 ΛL w as then tran sferred to a new tube to

w h ich w as added 150 ΛL E tOH , 300 ΛL 6 mo löL
N a I and 25 ΛL resu spended silica, incubated at

room temperatu re fo r 10 m in w ith in term it ten t

shak ing and then cen trifuged at 6 000 röm in fo r 1

m in. T he pellet w as resu spended in 500 ΛL w ash

buffer (10 mmo löL T ris2HC l, pH 7. 5, 0. 5 mmo löL
ED TA , 50. 0 mmo löL N aC l, 50% ethano l) and cen2
t rifuged at 6 000 röm in fo r 1 m in. T he w ash step

w as repeated tw o t im es, and the pellet a llow ed dry2
ing fo r severa l m inu tes a t room temperatu re befo re

resu spending in 150 ΛL H 2O. T he m ix tu re w as in2
cubated at 70 ℃ fo r 4 m in, cen trifuged at 13 000

röm in fo r 3 m in, and the supernatan t t ran sferred to

a new tube and sto red at - 20 ℃. T he N a I so lu t ion

w as p repared by first d isso lving 0. 75 g N a2SO 3 in

40 mL w ater then 36 g N a I. So lu t ion w as sto red in

dark bo t t le a t 4 ℃. Silica w as p repared by adding

60 g silica part icles (Sigm a S5631) to 500 mL dis2
t illed H 2O. T he silica w as w ell m ixed and the al2
low ed to set t le fo r 24 h. T he upper 470 mL of su2
pernatan t w as discarded, 500 mL of dist illed H 2O

added the su spen sion m ixed w ell and allow ed to

set t le fo r ano ther 5 h, T he upper 440 mL of so lu2
t ion w as then discarded and the rem ain ing 60 mL

slu rry w as adju sted to pH 2. 0 w ith HC l, au toclaved

and sto red in a dark bo t t le a t room temperatu re o r

a liquo ted in to 1. 5 mL eppendo rf tubes fo r sto rage

at 4 ℃ fo r severa l mon th s.

(2) Q iagenπs RN easy p lan t m in i k its m ethod:

A s a con tro l, af ter the first cen trifuged, 300 mL of

the supernatan t w as tran sferred to a Q IA Sh redder

co lum n of Q iagenπs RN easy k its and w o rked ac2
co rd ing to m anufactu reπs recomm ended to fin ish

RNA pu rif ica t ion.

1. 3　O l igonucleotide Pr im er sequences

A amp lif ica t ion p rim ers are designed from the
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nucleo t ide sequence of the coat p ro tein coding re2
gion of the PDV [12 ] and PN R SV [14 ].

Fo r PDV detect ion, p rim ers PDV 1984 ( 5′2
TA G T GC A GG T TA A CC AAA A CG A T 23′)

and PDV 1812 ( 5′2A T G GA T GCG A T G GA T

AAA GT 23′) amp lifying a 172 bp fragm en t, w ere

u sed.

Fo r detect ion of PN R SV , the p rim ers are:

5′2A CG CGC AAA A GT GTC GAA A TC TAA

A 23′and 5′2T GG TCC CA C TCA GA G CTC AA C

AAA G23′. Amp lif ied DNA size is 449 bp.

T he p rim ers are syn thesized by L ife T echno lo2
gies Gm bH , Karlsruhe, Germ any. Stock so lu t ion

( 100 Λmo löL ) and aliquo ts of d ilu ted w o rk ing so2
lu t ion s ( 10 Λmo löL ) of p rim ers w ere sto red at

- 20 ℃.

1. 4　V ira l cD NA syn thesis and PCR am pl if ica tion

(RT-PCR)

5 ΛL of to ta l RNA ex tract ion by silica cap tu re

w as added to a eppendo rf tube con ta in ing 6 ΛL

sterilized PCR w ater, 0. 5 ΛL of each o lige (dT )

and random hexam ers (T ecno logies Gm bH , Karl2
sruhe, Germ any). D enatu red at 70 ℃ fo r 10 m in,

ch illed on ice fo r 2 m in, then add 4 ΛL of 5X first

st rand buffer (250 mmo löL T ris2HC l, pH 8. 3, 375

mmo löL KC l, 15 mmo löL M gC l2 ) , 2 ΛL of 0. 1

mo löL DD T , 1 ΛL of 10 mmo löL dN T Pπs ( 2. 5

mmo löL of each dGT P, dA T P, dCT P, dT T P ) , in2
cubate a t 37 ℃ fo r 10 m in then add: 1 ΛL MM LV

reverse tran scrip tase ( 200 U öΛL superscrip t Ê ,

L ife T echno logies Gm bH ) T he react ion m ix tu res

w ere vo rtexed fo r 10 sec and then incubated at 42

℃ fo r 50 m in, then stop react ion by incubat ing at

70 ℃ fo r 10 m in. cDNA w as sto red on ice if abou t

to do PCR o r at - 20 ℃.

PCR tube con ta ined 5 ΛL of 10X GSB ( 750

mmo löL T ris2HC l pH 9. 0, 200 mmo löL
(N H 4 ) 2SO 4, 0. 1 göL Tw een 20 ) , 6 ΛL of 25

mmo löL M gC l2, 1 ΛL of 10 mmo löL dN T Pπs, 1 ΛL

of each 10 Λmo löL specif ic perim ers 1 ΛL T aq DNA

po lym erase (100 U öΛL ) , 2 ΛL of cDNA , and 33 ΛL

sterile PCR w ater to a final vo lum e of 50 ΛL. T he

amp lif ica t ion w ere carried ou t fo r 35 cycles w ith

the fo llow ing cycling param eters: denatu ra t ion at

94 ℃ fo r 35 sec, annealing at 52 ℃, 58 ℃, 62 ℃ fo r

40 sec, ex ten sion at 72 ℃ fo r 40 sec p receded by an

in it ia l incubat ion at 94 ℃ fo r 2 m in, and a final ex2
ten sion at 72 ℃ fo r 5 m in. in a Stra tagene Robocy2
cler Gradien t 40 (Stra tagene, L a Jo lla, CA ). Sam 2
p les w ere then analyzed at once o r sto red at 4 ℃

un t il analyzed by electropho resis. Fo r detect ion of

PN R SV , PCR condit ion w as the sam e as described,

excep t u sing PN R SV specif ic p rim er pair, and 5 ΛL

M gC l2.

1. 5　Ana lysis of PCR am pl if ied products

A liquo ts (10 ΛL ) of PCR amp lif ied DNA w ere

analyzed by electropho resis th rough 1. 2% agaro se

gels fo r 45 m in in 1X TA E buffer a t 80 V. Separa t2
ed DNA fragm en ts w ere visualized fo llow ing sta in2
ing w ith eth id ium b rom ide (0. 5 ΛgömL in the gel)

u sing a UV tran sillum inato r and pho tographed.

Sizes of fragm en t w ere determ ined by comparison

w ith DNA L adder m ix (Gene R u lerTM ).

2　R esu lts

2. 1　Com par ison of nucle ic ac id extraction using

m od if ied sil ica capture and Qiagenπs RNea sy

k its

Samp les p repara t ion befo re R T 2PCR amp lif i2
cat ion w as found crucia l fo r the detect ion of PDV

and PN R SV from infected cherry grow ing in field.

T he RNA ex tract ion p ro toco l described in th is pa2
per has facilita ted the rou t ine detect ion of PDV and

PN R SV in their w oody ho sts u sing R T 2PCR. T he

m ethod w as based on the silica cap tu re and w as su2
perio r to o ther m ethods. Compared w ith the com 2
m ercia lly availab le RNA ex tract ion k its (RN easy,

Q iagen, Inc. , Chatsw o rth, CA ) , bo th of them go t

expected good quality RNA (F ig. 1) and R T 2PCR

resu lts (F ig. 2: lane 1 and lane 3) , bu t the m ethod

described in th is paper is m uch cheaper and sim 2
p ler.

U sing the exp lo red op t im um p ro toco l, it on ly

took less than 1. 5 h to fin ish RNA ex tract ion, and

to ta lly abou t 6 - 7 h to comp lete viru s detect ion

from viru s ex tract ion to analysis of the PCR amp li2
f ied p roducts. T he cycle of viru s detect ion w as

sho rtened h igh ly. T h is m ethod is effect ive and eff i2
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cien t fo r viru s detect ion by R T 2PCR.

2. 2　Sam ples from d ifferen t tissue and d ifferen t

plan t spec ies

Samp les from leaves, buds, and bark of infect2
ed cherry, ex tracted by silica cap tu re, cou ld be de2
tected by PCR fo r PDV and PN R SV po sit ive (F ig.

2, lane: 1, 4, and 9; F ig. 3, lane: 2, 4 and 5) and iso2
la tes from peach and p lum ( samp les from leaves)

cou ld also be detected fo r PDV (F ig 2, lane: 11, 12)

T hese resu lts show that the imp roved RNA ex trac2
t ion p ro toco l is su itab le to no t on ly cherry, bu t a lso

p lum and peach.

2. 3　Optim um RT-PCR cond ition for PD V and

PNRSV

D u ring the cou rse of op t im izing the R T 2PCR

p ro toco ls fo r each viru s, it w as no ted that R T (su2
perscrip t Ê ) concen tra t ion u sed du ring the reverse

tran scrip t ion react ion had a p rofound effect on the

quan t ity of specif ica lly amp lif ied cDNA that w as

p roduced. It w as ob served that 10～ 30 U of super2
scrip t Ê w ere requ ired to p roduce detectab le level

of amp lif ied DNA fo llow ing PCR , and less than 5

U is no t su itab le. D ue to the reverse tran scrip tase

w as qu ite expen sive, effect ive and eff icien t R T con2
cen tra t ion w e u sed w as 10 U per react ion m ix tu re.

Fo r PCR condit ion, the op t im um annealing temper2
atu re fo r PDV w as 58 ℃, fo r PN R SV w as 62 ℃.

T he denatu ra t ion and ex ten sion temperatu re w ere

sam e.

To ta l RNA ex tracts and R T (cDNA ) samp les

cou ld be sto red fo r rela t ively long t im e under p rop2
er condit ion (a t - 20 ℃, severa l mon th s; a t - 80

℃, fo r years).

2. 4　Results of RT-PCR detection for PD V and

PNRSV

F igu re 2 and F igu re 3 show s agaro se gel elec2
t ropho ret ic analysis of PDV and PN R SV iso la tes

from infected t issue of cherry amp lif ied by R T 2
PCR. T he size of the m ajo r amp lif ied p roduct fo r

PDV in all case w as near 200 bp , abou t 172 bp

(F ig. 2) and fo r PN R SV , w as betw een 400 - 500

bp , abou t 450 bp (F ig. 3) fo r PN R SV. T hese p rod2
ucts w ere no t detected in un infected t issue and w a2
ter con tro l. A ll expected DNA fragm en t w ere go t

by R T 2PCR.

F ig. 3　A garo se gel analysis of PN R SV R T 2PCR

p roducts amp lified from silica cap tu red

to ta l nucleic acids of cherry

L ane: 1. un infected cherry con tro l; 2. samp le from PN RSV

infected cherry leaves; 3. w ater con tro l; 4- 5. samp le from

infected cherry buds and bark. M : DNAL adder m ix

3　D iscu ssion

O ne of the diff icu lt ies w ith the rou t ine u se of

R T 2PCR fo r the detect ion of p lan t RNA viru ses is

ob ta in ing suff icien t and pu re RNA start ing m ateri2
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al, co st effect ively and eff icien t ly [2, 14 ]. T ree t issues

o r o ther p lan t t issues w h ich con ta in h igh levels of

pheno lic o r po lysaccharide compounds are part icu2
la rly d iff icu lt from w h ich to pu rify [1, 10 ]. Pu rif ica t ion

by imm unocap tu re of viru s part icles u sing specif ic

an t ibodies fo r sub sequen t u se in R T 2PCR has also

been described [15 ]. T he m ethod of u sing the com 2
m ercia lly availab le RN easy ex tract ion co lum n s

from Q iagen [16 ] , w h ich is a lso based on silica cap2
tu re, fu lf ils m any of the above criteria, it s on ly

sho rtcom ing being the rela t ive expen se of the

m ethod. Fo r th is reason, a lternat ive m ethods w ere

exp lo red. T he modified silica cap tu re m ethod u sed

in th is paper has all of the advan tages of the

Q IA GEN πs RN easy m ethod w ith a sign if ican t co st

saving, m ak ing it a valuab le addit ional too l fo r a

great quan t ity and rou t ine R T 2PCR detect ion from

viru s infected w oody p lan ts. Sho rten ing the p roce2
du re w h ile m ain ta in ing reliab ility reduces co sts.

Co sts are fu rther reduced w hen mo re than one k ind

of viru s is tested fo r sim u ltaneou sly. H igh2quality

RNA su itab le fo r u se in R T 2PCR cou ld be ob ta ined

from cherry, peach and p lum by modified silica cap2
tu re, a llow ing fo r detect ion of PDV , PN R SV

L ChV 21, L ChV 22 and PPV ( the resu lts no t show n

fo r L ChV 21, L ChV 22 and PPV in th is paper). T he

ab ility to u se budw ood (bark o r buds) as a reliab le

sou rce of vira l RNA allow ed the rou t ine detect ion

of these viru ses in infected p lan ts th roughou t the

year ra ther than rest rict ing it in the sp ring o r sum 2
m er mon th s, w hen leaf o r f low er b lo ssom tissue

w as readily availab le.

To reduce co sts and comp lex ity, a t temp ts w ere

m ade to develop a p rocedu re fo r the sim u ltaneou s

detect ion of severa l viru ses. Since to ta l nucleic acid

being ex tracted, a ll ta rget cDNA cou ld be go t by

once reverse tran scrip t ion (R T ) , so from one cD 2
NA samp le, a ll viru s in quest ion cou ld be detected

by PCR. T h is characterist ic m ake the rou t ine de2
tect ion and viru s su rvey p ract ica l fo r f ield w oody

p lan ts, it is superio r to imm unocap tu re pu rif ica2
t ion, w h ich on ly pu rify the an t ibody specif ic viru s.

T he mo re comp lica ted p rocedu res imp rove reliab ili2
ty bu t take longer t im e, hence they are mo re expen2
sive [17, 18 ] PN R SV w as detected early in sw eet cher2
ry p lan t let in v itro w ith R T 2PCR [19 ] , bu t the viru s

ex tract ion p ro toco l the au tho r u sed w as diff icu lty

to get enough pu rif ied RNA viru s from field t issue

to detect by R T 2PCR.

U sing imp roved RNA ex tract ion p ro toco l

based on silica cap tu re described in th is paper, w e

also go t expected resu lts to detect PDV , PN R SV

and PPV in p lum and peach trees, bu t fo r pom e

fru it t rees such as app le and pear t rees have no t be2
ing tried.
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改良 RNA 提取法及樱桃 PD V 和
PNRSV 的 RT-PCR 检测

阮小凤1, J e lkm ann W ilhelm 2, 马锋旺1

(1 西北农林科技大学 园艺学院, 陕西 杨凌 712100;

2 Federal B io logical Research Cen ter fo r A gricu ltu re and Fo restry, Institu te fo r P lan t P ro tection in

F ru it C rop s, Schw abenheim er StraΒe 101, D 269221 Do ssenheim , Germ any)

　　摘　要: 介绍了一种从木本植物组织中获得高质量 RNA 的快速、简单和高效的核酸提取方法。该方法是基于

核酸的二氧化硅捕获, 避免了使用苯酚、氯仿等有机溶剂。利用该方法从樱桃组织中提取的总 RNA 用R T 2PCR 技

术检测 PDV , PN R SV 均获得成功。从感病植株的一年生枝的叶片、韧皮部及芽组织中扩增出了预期的目的片段,

即 172 和 449 bp , 而健康组织中无此扩增带。该法提取的总RNA 用于R T 2PCR 技术检测, 其敏感性至少与商业出

售的Q iagen RN easy 提取试剂盒相当, 但简单经济。

关键词: 总RNA 提取; 二氧化硅; 樱桃; PDV ; PN R SV ; R T 2PCR 检测
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