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Detection of apple scar skin viroid by real-time fluorescence quantitative reverse
transcription PCR and its movement in an apple tree
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Abstract: To clarify the movement of apple scar skin viroid (ASSVd) in apple trees, a detection method
based on real-time fluorescence quantitative reverse transcription PCR (RT-qPCR) with high sensitivity
was established. The correlation between viroid accumulation and symptoms was also explored. The re-
sults showed that the detection method could be used to accurately and sensitively detect ASSVd in sev-
eral parts of apple tree including branch bark, fruit and roots. The detection sensitivity for each part was
above 41.00 fg/uL (5.95%10° copies/uL. RNA). After inoculation of gala apple tree with ASSVd, viroid
accumulation was relatively high in all tissues of the plant in two months post inoculation (mpi), espe-
cially in the apex of inoculated branch and the lower branches of the canopy. The viroid accumulation in
the root was the lowest. In 4 mpi, the viroid accumulation of each tissue site was generally lower than

that in June, and the viroid was evenly distributed in the upper, lower, and root parts of the plant. In 6 mpi,
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the viroid accumulation was relatively high in the lower part and root ofinoculated branches. In 8 mpi,

the viroid accumulation was very low in all tissues of the above-ground parts and mainly accumulated

in the roots during the dormant period. The expression levels of viral genomes in fruit peels with differ-

ent pigmentations were significantly different. The accumulation of ASSVd in uncolored peels was 4 to

40 times that in colored peels. The results showed that after inoculation, ASSVd first proliferated in in-

oculated branches, then transferred to roots. The proliferation and movement of the viroid might be re-

lated to the growth and developmental period of the host. The symptoms of the disease were highly cor-

related with the accumulation of viroid.

Key words: apple scar skin viroid; real-time fluorescence quantitative RT-PCR; viroid movement;

difference in symptoms

AT S AR R 28 BE (apple scar skin viroid,
ASSVA) 5 BERAERA C E T SR A iy
T2 ORBE S, 2015) , ] 5 AR RS A B 5 2R
FIRTE | BH W RAI T 32 SR e A, J& B RSESR AR
7 HROME LS PR 1) [ B, ASSV B Y S 5 1) fe /Iy
I JF AR 2 — (Daros et al.,2006) , J& T 545 2 g kb
ZEISRFEFR) Pospiviroidae 54 B Ui 2L ISR 7 E
Pospiviroid(Flores et al., 1998) , /776 T AN , &
T LRSI 81 R B AL BTG M AEXTRRIE S
F1 330 /e A7 PO BR AL A B BE SR P 5 IR A
#L 5% RNA 43 (Lopez-Carrasco & Flores,2017) , F
FREE T AL A A 25090 TR 56 il LRk e JE 1A
(Flores et al.,2005) . ASSVd FZ{Z YR FARY Xt
S BE A AL AT 1R ¢ (Hadidi et al., 199158
ORI EEH1, 2008a,b) I EE A BT BT
SR TR WK (BI04, 1993 5 TBRET4E, 2000) , 4
RFEINAZ ARBE 20 K, A o S Al S 450 Ay Hi 2
(TRAEAE,2000) ; 75 FMH B B RE Y ) 5 AR U T4
D75 200 RV Nz FSm s A RIBE A 0T, AN RER
AR 277 Al , o & e R0 R4 AR
B HRAR I A AT Y 4

)R 75 T B AE AR A P 28 00— B[] 9 1
BE B HCFE S 2 BE 14T (Desvignes et al., 1999), |
FFRR EEAE Y B TR A RS N AR LA, A B TR
FIEE B 15 A OCEE T AR I it . e B e AEAR
) 5z 30 S PR 1 25 32 f (Palukaitis, 1987) . Samuel
(1934) W5 A B Al i 42 52 A 5 B2 (tobac-
co mosaic virus, TMV) Ji5 , 1% 5 Jc 8 HU R AR ES , F-
FHAR Y R 00 5 Singh (1977) BRI BH T FEARHEFD

A B )7 FilE B 25 25 9 B (potato spindle tuber viroid,
PSTVd) J5 s B¢ 15 5 A7 b TH— s W= B Y LA
SR FE AR A UK g (1994) #5575 1 3K T2 8 4K 1 25
(bean yellow mosaic virus, BYMV )% 4% 2f 3= B e 7E

1RYEBOLAWIIGTE , S8 mAE bR LA, i H 2R
U5 B A B MR BEIS, A BB [ Y 3 A s AR K
754 (1992) B T ¥ AL 9% B (cucumber mosaic
virus, CMV) 4K 7152 8 11 (coat protein, CP)
VA 2 R I R ™ TR B TR R OG5 S 145 (2012)
T PRI RS TS AR 45 18 A6 7 (cucurbit chlorotic
yellows virus, CCY V) Ji7 , S R A% B2 A B iy
CPARXS ik i 1 2 5 T L A A9 A Bani-
Hashemian (2015) A 5% & W1 285 15 M SR W) 4= % ) 4
i 22 B[R] 3 22 3047 M TR B8 By, 76 1970 e P A 7 e I 5
R 5l , SR J5 P ) A 1R A% s 42 Gy A0 45 i P TR N Y I
w22, H AR AE OGBS i AR X A
ASSVd 77 R AU 5 A% LA RRE IR 2 L5 ) 2
FREZ R AAH IR A R R

PRIt , AR B 53 $00AA) A v 80 1) S B 9l o Tt
J2 %% 5% PCR (real-time fluorescence quantitative re-
verse transcription PCR, RT-qPCR) #:l{A & , LI/~
ASSVA R YRR , A SAEAE R 1L
BRSO R, JT 20 AP SRR SEAS A R IX sl 2 AR
Sy 25, DU R S SRAR I i B2 W DL KT
B ORI B F AL T R R I T Bt
i 15 2 Qe ML 48 s A 28000 4 4 it ) ) o A
BLE,
1 MRt 575%
1.1

Bt YY) . B SRS A IR R LT
T WAL Y 8 AR AR SRR, A SRR AL e
(apple mosaic virus, ApMV) | 3 5 35 Bt 16 i B
(apple necrotic mosaic virus, ApNMV ) FI 3 Ht U] J
259 5 (apple dimple fruit viroid, ADFVd) 1 8 4F A=
SR, RN 15T ASSV Y 8 AR A LA
IR ER ER /R R S Sy pl Q) N 2 e RV S Tk =
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BEAE A IiAT S 4G B A 9T 2 S R g bl v
FEPE . #5570 39 S 4R 4 1 BE 95 77 (apple chlorotic leaf
spot virus, ACLSV) | 3% % 2% 74 ¥ & (apple stem
grooving virus, ASGV) | 3 5 25 45 J% 77 (apple stem
pitting virus, ASPV) I3 54 15 1 H il Jb Aol KA
TR 22 BEAE e A T S5 256 DA Y 4R
PRAETFHR L

IR S AL 2§ : RNAprep Pure £2 B4 22 i Hi 4 i
RNA $2 B0 &, RAR AR (AL H0) AR A A
DiaSpin #£3 DNA i [Pt & , A TAY) TR (L
) By A B2 ] 5 Trans109 4k 27 8% 32 25 40 it
pEASY®-T1 Simple 5L #k{A  TransScript” Fly First-
Strand cDNA Synthesis SuperMix, It 51 420 4 4= 4
AR A RN 7] ; PurePlasmid Mini Kit, 4t 5% B A 142
G BR /] ; FastStart Essential DNA Green Master, %
IS W A PR w5 BRI P N U0, 5 A=) TR
(K3i%E ) A B2y 7 3 T7 RNA polymerase, New England
Biolabs (Beijing) /s ] ; RNasin® Ribonuclease Inhibi-
tor, 32 [E Promega /A wl s H & il 34 2 B 7= o B 4t
LightCycler® 96 52 i} 2 ) 72 £ PCR Y , % -+ Roche

/3] 3 S1000™ Thermal Cycler % PCR {X . Gel Doc™
XR+EEIR % Z %0 , 25 ¥ Bio-Rad /A 7 ; DYY-6C 1
HLUKAY, LS —UER) .
1.2 ik
1.2.1 RNA BB ¥ A7 e 50 64 6] &

Z MWL W Y 25 RNA $2BGR ) & Ui B
P2 AL HF ASSV 1193 S 41 41 51 RNA, #% #] Trans
Script” Fly FirstStrand cDNA Synthesis SuperMix i3
B4 S —4#E cDNA. Sl 4 WA (2015) 71k
FIHE 4 ASSVdQxin3-F fil ASSVdQxin3-R (£ 1"
14 ASSVA FE AT 91, A8 A3 51 938 i A4 T A=
YT R et A FRA RS . 25 L PCRY 1
1A Z : cDNA B 0.5 uL .20 pmol/uL 1F S i) 5 | #14%
1.0 uL.ddH,O 10 pL.2xEs Tag MasterMix 12.5 puL.
FLS R : 94 C A ME 2 min; 94 °C7AE1E 45 s,64.4°CiE
K45 5,72°CHEMI30 5,35 PMFFR ;72 CHFELESH 10 min,
FIFH DNA BB IR &0 330 bp FE M 1)
PEAT I I, 354 % pEASY®-T1 simple 244 |-, % &
DRI I DR REAR A B A w2 T, -2 4 2 1
(1) B E2H SR A Ry e 2 A

F1 KHZEHASSVA5IHFES
Table 1 Sequences of ASSVd primers in this study

512K SIF (5237 J BeR/IVop b3/

Primer name Primer sequence (5'-3") Product size Source
ASSVd-F ACGAGGAGAAGAAGGGACTCAC 106 SRAREE, 2015
ASSVd-R AACCCACAGCGGAACTGGT Wu et al., 2015
ASSVdR1-F GGTAAACACCGTGCGGTTCC 109 HATRET
ASSVdRI-R TTTCTCACCGGCCTTCGTCG Design in this study
ASSVdR2-F TGTGGGTTCGCCTACAAGAA 122 EEEy-an
ASSVdAR2-R AAAGAGCGTGAGAGAACAGG Design in this study
ASSVdAR3-F TTCGCCCCGCCAACGCTAAA 144 HATIRETT
ASSVdR3-R TAGGCGAACCCACAGCGGAACT Design in this study
ASSVdQxin3-F GGTGAGAAAGGAGCTGCCAG 330 ¥4 REE, 2015
ASSVdQxin3-R TTCGTCGACGACGACAGGTGA Yang et al.,2015
ASSVdInvitro-pF AGAGTAATACGACTCACTATAggtaaacaccgtgeggttee 357 ATt

ASSVd(Stu I)-R AGGCCTgggaaacaccaattgtgtttta

Design in this study

ASSVdInvitro-pF AMATFREFR R T7 )8 81 F 5 R RIZTF B3R B &5 . The italic letters indicate the T7 promoter, and the

underlined letters indicate the digestion site of restriction enzyme in the primer ASSVdInvitro-pF.

1.2.2  RT-qPCRAGMIK £ 697 | 4 it R4 F-HEIE
& H Vector NTI 11.5.1 # % % 71 ASSVdAR1-F/
R.ASSVdR2-F/R . ASSVAR3-F/R & ASSVd-F/R ( %
SREF,2015) (R 1), F 44 H ] #E 4 ASSVA I k4T
A BUEA 25 uL T 4K R : cDNA B4R 0.5 pL
20 pmol/pL 1E & [0 51 #1 45 1.0 pL . ddH,0 10 pL . 2x
Es Tag MasterMix 12.5 pL. PCR W F2)F 4 : 94°C
AR 2 min; 94°C725 1 30 s, 55°CIE 'k 30 s, 72°C 4t

130 s,35 PMEH; 72°CHZEAP 10 min, T7i1E 550
5 TR 071 4. SRR LAY ACLSV , AS-
GV ASPV = i 185 B P 5 4 32 R 201 135 B8
ApMV . ApNMV | ADFVd [ FH ] EEAS Sy 16 I % 42
WUES | W AR SR . IS5 4P HT RT-qPCR A I #1753
Y i e e 51490
1.2.3  RT-qPCR MK F 69 P B AT M vy 20 3 52
AR 22 B AL : A5 BT 5719 20 pL RT-
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qPCRAK R AL FEAH 1 uL . F FiF51 4945 1 uL  Fast-
Start Essential DNA Green Master 10 pL..ddH,O 7 pL.
#120.10.5.2.5.1.25.0.625 pmol/L /N Fhk 514
P3G — PRPEREAS B G |k B2 3 A A T e A
G IR EE o A8 95 CHZEME 300 s, =205 95 C7E 1
155,12k 155, 72°CHEMH 10 s 3L 40 MG AP HEFL T
Sl B vERJOREE . LASIYIRIR JOREE T, (8 R 5
it , 1R IR EEARAR AL RS B 3 AR AN RNR L, 4351
56.0.56.5.57.3.58.0.58.4.59.6.60.8,62.0.63.1.
64.0 . 64.7 F1 65.0°C , B Fp i & 3 NHEKE , ik fid
IR

L ASSVdInvitro-pF . ASSVd(Stu 1)-R 51451 A
(1) 77 L AE ASSVA FE 417 31 Hh 5| A T7 Ja 8l Fil
Stu VEFUIAL 8, SR 51 B Ak %) SR 3 20 Bk A oy
BN, AT RS i, I AR AR SN S5 7= Wy i TR
DI 2H 21 $E I RNA V5 RO AR SN S = W kA 7
10 546 B2 A B, i i 28 203 T 5 RNA 1945 DLEL,
I 2 RNA ) #% I %= (6.02x10” copies/mol) x J& 7
RNA %5 /(RNA K & x340) , 7521 RNA i 5 16 15
DLWk B8 43 5 4 3.27%10" ., 3.27%10,3.27%10°,3.27
10°, 3.27x107, 3.27x10°, 3.27x10°, 3.27x10", 3.27x
10° copies/uL, 2% J5 ¥4 B AR 156 2 57 1) Fod & S A4
FAMFEP AT RT-qPCRY 3, BN 3R, LA
B EEAF B C /7B {E A2 b DBk B2
IR AR dEAr 2 . AEbRUERN R D, €,y SERT ¢
J6E AR BB, LA CAE RN bR, C AT RS
H b RNA 38 DR, LR 8 1gC i Ak A, 1E
AFERAE R 208, A3 B bR fh L ANtk [0 05 e, £k
PEEH RN C=-blgCra.
1.2.4  RT-qPCRAZMK Z 69 455 -1 B F UM 2

XF #5 45 ASSVd. ACLSV . ASGV . ASPV | Ap-
MV , ApNMV Fl ADFVd {32 5 41 21k A7 4G I, 4R
it AR 50 T S )R I A R S I R I I R e E
RO A 22 00 R S DA B SR B AL 2R 4 1 ) R
(CK) ; 70 S, SR AR 7] — R 55 By 2R
B AR B, 2 IR 20 2 T AE 1) S RNA $2 50K
F & Ud B A5 4R UM RNA , DU e 2H 21 RNA %5 ik
A7 8 B W B, SR R 1 A RS R B2 43 0l oA 4.10%10°
4.10x10°,4.10x10*,41.00 . 4.10 F1 0.41 fg/uL, fill {2
T T8 e 5 43 91 5.11x107, 1.02x107, 20.44 . 4.10 .
0.82 1 0.16 fo/uL , A5 Kz 4 s T 1k B8 0 301l Ry 3,74
10%,74.80,14.94 .2.99 .0.59 .0.118 £10.02 fg/uL, R
it AR G0 BT 37 e A R B s g R T 0 i A
R REUE

1.2.5  ASSVd &R & #4569 ] 2

152019 4 4 AWK I 254507 A0 2458 ok 5
22 RT-qPCR K M AN #5747 ASSVd fY) 8 41 A= I iy 3 IR
PR A R Ff ASSVA, FESE R 2.4 .6 F1 8 4> H 43
AR e 2 AR (] 1-A) B R 2 A
R (B 1-B) i B AR 3R i o (1] 1-C)
BRI BRI v (&1 1-D) e F 2 AR
([ 1-E) W7t B 2 BRI AL (] 1-F) AR ([
1-G) 2 sUBURE B BBORE sV HURE 3 0, R L A 2 1R
B, 6 KA . I IR HEST (1) RT-qPCR J7 16 5 1
M7 ASSVA SR, I 3 IR E R . MR RNA#5 I
BOTA N, W HA A i ASSVd AR i, RIVAE v bl
YIS 5 RNA 1948 DUB=SE 0 A AL i T 45 2]
[ RNA R A 10" ™" /A L GVRE T b x 2 b 5
H A RNA RFHL,

N~ E F /‘
> &

\\“

TP e
e B

T BRI AL A 5 /7 Sk Rs Hefh ASSVA L .
A WE LR BRI B: WK 1R A AL
C: M EE MR P 0T 35 5 D B HE AR R
it s E: BEEE T 2 AR ; F: A T 2 FREL
4 G: MR, K A5 A M5 (https://zhidao. baidu.
com/question/18280862071329-4604?
ne) . Asterisk indicates sampling sites; arrows indicate
ASSVd inoculation sites. A: The branch group of the

sharesource=qzo-

main branch above the canopy; B: the branch group of
the upper main branch of the canopy; C: near site of vi-
rus-inoculated branches; D: distant site of virus-inoculat-
ed branches; E: the main branch group of the lower cano-
py; F: the main branch group of the lowest canopy; G:
lateral root. The picture is from the network (https://zhid-
ao. baidu. com/question/182808620713294604? Share-

source=qzone).

E1 ReiEEE ASSVAd M E RN REE
Fig. 1 Schematic diagram of the locations and detection sites
of healthy fruit trees grafted with ASSVd
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B R EARF A EREASSVAAR R Baym
TE AT B S S A G R IR 0 AR AR 4D L
T M AR RS S A AR RSN
T SR S ) R DXk (TR R )
AR €0 DX (™R A ) 3% 2 4% LS B L A
bR AR 2 ST RT-qPCR K6 44 2 11 Bz 17 742 5 46
WA 25 40, IX 3 25 €0, DX el P i ASSVA R 2, 7
7R 1.2.5,

1.3 #iRaH
FIHI SPSS 18.0 A AT B Hm e 150 M, R H ¢
DGR T 25 5 B A 56

2 BER55H

2.1 ASSVd RT-qPCR#&iU{E ZHIEE ST
211 5| B RAE MR R FefR B e AL

PRI 4 X5 5| Yy #5475 B RT-PCR 4 3 , o L)
ASSVAR2-F/R 414 1 ) 554l e 5 HLoE BE3my 5 LA
H ACLSV . ASGV \ASPV = s [ MRS 75 1Y 1 40
R R ApMV . ApNMV . ADFVd f H [ REAS Sy
REXT 4, ki s | A Rk s BAESEO e wfe
I rb 3 B S i J B ASSVAR2-F/RAE
RT-qPCR Kl 514 . 383k 5 | 9y o J32 1) i %% L3R KUl
JE W | e 20 2 Fe A 1Y RT-qPCRAGIMNA R < cD-
NA 1 pL. 10 pmol/L ASSVAR2-F/R 5| #J 4% 1 pL.2x
FastStart Essential DNA Green Master 10 pL . ddH,O
7 ul. SRR 95CHUAEM: 30 55 95CAEME:S s,
58CiRk30s,72°CHEMH 10 5,40 MG
212 ARfEHEAES

X LA 2R Ak 1) JS0RE Sl A5 1A S S A5 B Y

1.2.6

RNA #1786 B B, SR 5 S e 5%, 51 ) ASSV-
dR2-F/R i#£17 RT-qPCR §" 3% , 4 4% il £& i 2 S48
B X5 IO 1) A0 B 8555 A5 A ) Bk e B R AR S P OG
F, RBRG MR 22 BRI a5 A5 B bR i i 2 5 R hy
y==2.646x+65.170, # 5& R R*=0.991 (¥ 2) , Ui W]
PR h 4 82 VEAT .

25 y==2.646x+65.17

201 R=0.991
RE
“ 0

5

(U T T T T )

0 5 10 15 20 25
1gC

C,: JEI 2G5 B AR I A KL (B C: WA B T o 2

RNA i)z . C,: detection value from the real time fluores-

cence quantitative analyzer; C: the copy concentration of
the viral RNA in the initial template.
&2 ASSVd# RT-qPCR &K 2 HYHRE Hh 2%
Fig. 2 Standard curve of RT-qPCR detection system for ASSVd
2.1.3 AR RAF e AU
R B TR A R R S XA T 44 ACLSV
ASGV \ASPV WSR2 5 1 Je 457 ASSVA . ApMV
ApNMV Hl ADFVd B3 ERAL S b AT 97 3, th 47 3 1Y
5 M2k T A 5T ASSVA IR B A 9L
S (B3, U ZAR R A ASSVd iR Sk ey s
JFEZHZIRNA O R B AR A Bz 4R MU B RNA
AT RS H B IEUEAT RT-qPCR, 45 5 i 7 A 2 £
JE 535100 41.00.20.44 . 14.94 fo/uL (K 4) , MR35
T R 43 B AH S T 5.95%10°,2.97x10°, 2.17%
10° copies/uL RNA

3.0
2.8-
o 2.67
= 2.4
> 224
8 2.0
g 1.8
2 1.6
g 1.4-
51(2)- ASSVd —
o]
0.8
R
® 04 oK
0.2+ l
0.0 T ¥ T T T T T T T T ] T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

P& Cycle

&3 ASSVd RT-qPCR & ik R Hy4E R4 TIE
Fig. 3 Specificity of RT-qPCR detection system for ASSVd

2.2 ASSVAERME R EIFEEhIE R
FE G ASSVd WY HE FE AL AL 1 I, 45 S T

RN 24 AR A LU AL B AR R 4R
e, JEHR AR e A e T JEAA AR R AR
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i/, N 2.5%10" copies/g; LM 4N A G, 254 Jn  AEREFPER TR SRR SO R A R A
SRR REA R SRR 2 D AR AR R R 1M 8 AR e R E A PP AR, S A
ARG, bR TAMOE R R DU AL e dh e B ER(E5),

TEEAR AR AR R SRR ¥ 5] 73 A1 5 H A 6 4> H

3.9 1
3.6 1
3.3 1
3.0 1
2.7 1
2.4 1
2.1 1
1.8 1

1.5 1 A
1.2
0.9 1
0.6 1
0.3 1 7

40.99 fg/ulL

361 1 1~
33 4
3.0 A
2.7 1
2.4 A
2.1 1
1.8
15 |
12 1
0.9 1
0.6 1
0.3 1

20.44 fg/uL

CK

% Y18 Fluorescence value

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

0
33 -

3.0 A S
27 A

14.94 fg/ul.

CiK

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

183 Cycle

a: B b AR5 c: B A~F: 4.10x10%,4.10x10°,4.10x10%,41.00.,4.10 1 0.41 fg/uL RNA; G~L: 5.11x10*,1.02x10%,
20.44.4.10,0.82 F10.16 fg/uL RNA; M~S:3.74x10%,74.80. 14.94.2.99.0.59.0.118 F1 0.02 fg/uL RNA. a: Peel; b: lateral
root; c: branch bark; A-F: 4.10x10*, 4.10x10°, 4.10x10%, 41.00, 4.10 and 0.41 fg/uL RNA; G-L: 5.11x10%, 1.02x10,
20.44, 4.10, 0.82 and 0.16 fg/uL RNA; M-S: 3.74x10°, 74.80, 14.94, 2.99, 0.59, 0.118 and 0.02 fg/uL RNA.

4 =ZTHAREERALIBAIA ASSVA RT-qPCR &7 R £
Fig. 4 Sensitivity of RT-qPCR detection for ASSVd using three different apple tissue parts as templates
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2.3 ASSVAERFARFESERKHIMBEXE
HCAE IR IR 1 SR 52 35 €001 He FR o (0 2R B K
Mg EE Y R i, RIS ] b PR 5 S B e 2
BEME2ANA a

Two months after inoculation

a
3 ab

be

BN ER Viral accumulation/(x 10 copies/g)
~
J

A B C D E F G

B 5256008 R 8a B #2255 (P=0.001<
0.05) (K16) , A& A IX IR Kz v ASSVAFL R
o DX IR 2 11 4~40 % .

BMEANH
4 5 Four months after inoculation
3
2 .

a
M 2 b b ab
a
b b .

O -

A B C D E F G

BMENA 41 BMESNA

Six months after inoculation Eight months after inoculation
34 3 -
2 -
1 B

b b b b b

0 -4

A B C D E F G

HEEREBAL Sampling site

A BE )2 FREIREE ; B: WOER B2 ERIEAL; C: R M ECE M fT ; D: R R S I 5 E: RE T
ZEERIMAA; F: Wikl T2 ERMALL; G: MR . A: The branch group of the main branch above the canopy; B: the
branch group of the upper main branch of the canopy; C: near site of virus-inoculated branches; D: distant site of virus-inoculat-

ed branches; E: the main branch group of the lower canopy; F: the main branch group of the lowest canopy; G: lateral root.
B 5 HiEEHERMER ASSVd 2~8 N AREMFSREE
Fig. 5 Viroid accumulation in different tissues of Gala apple trees in two—eight months after inoculation of ASSVd in the field
B B R TR 25 o ERR/ING A RE3OR 48 A B TR A 10 AE P<0.05 /K P25 5 13 . Data are mean+SD. Differ-

ent letters on the bars indicate significant difference at P<0.05 level by ¢ test.

@ =EHBRE Colored peels o REFERE Uncolored peels
g 357 a
2 a
3 3.0 1
WS 25
B < 201
*?5, 2 15 b
BZ 107 c ¢
=
§ 0.5 1 . ’—]—‘
T Y TEmm T m: 0 makt
> Xinnong hong Fuji Pink lady
SEBL L FR Apple cultivar

Blo REEBIMMAREBIMAREF ASSVARRE
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