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Optimization of efficient virus-free regeneration system from

shoot apical meristem of tea chrysanthemum

SHI Ziyin, ZHANG Hainan, LI Hao, LU Jinhui”

(College of Forestry, Shanxi Agricultural University, Jinzhong, Shanxi 030801, China)

Abstract [ Objective ] In order to optimize the efficient virus elimination and regeneration system from
shoot apical meristem of tea chrysanthemum, suitable heat treatment duration and detoxification agents,
this study aims to improve the problem of low virus-free seedlings obtaining ratio. [ Methods] Six tea
chrysanthemum varieties were used as materials. The axenic seedlings were pre-treated with alternating
heat temperature treatment of 40 °C /32 ‘C day/night, detoxification agents such as salicylic acid, ribavi-
rin, and abscisic acid, as well as a combination of detoxification agents and heat treatment. The rate of
callus induction, regeneration frequency, and average number of regenerated shoots from inoculated shoot
apical meristems were compared among different treatment methods, the detoxification efficacy of various
treatments were evaluated. [ Results] There was a significant difference in the regeneration frequency of

shoot apical meristems among different varieties of tea chrysanthemum, with *Wuyuan Huangju’ having
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the highest regeneration frequency of 54. 77%. Under different heat treatment days, the difference in re-
generation of shoot apical meristems in tea chrysanthemum reached a significant level, with ¢ Hangbaiju’
and ‘Qiyuexue’ showing the best regeneration after 40 °C /32 “C heat treatment. Salicylic acid, ribavirin,
and abscisic acid treatments inhibited the regeneration of shoot apical meristems. Salicylic acid and ribavi-
rin treatments combined with heat treatment promoted the regeneration of shoot apical meristems, while
high concentration abscisic acid combined with heat treatment severely inhibited the regeneration of shoot
apical meristems. Treatment with 10 umol/L salicylic acid combined with heat treatment showed the best
regeneration. Virus-free seedlings were obtained through suitable heat treatment combined with detoxifica-
tion agents. [ Conclusion] The combination of 10 pmol/L salicylic acid with 40 “C/32 °C day/night pre-

treatment for 40 days significantly enhances the regeneration frequency of shoot apical meristems, and ob-

tains virus-free seedlings.
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Fig. 1 Regeneration of shoot apical meristem of different tea chrysanthemum

varieties after culturing for 35 days
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Table 1 Differences in shoot apical meristem regeneration

among different tea chrysanthemum varieties

AR . -1 A A
b Callus Rﬁiﬁz. Average
. . . egeneration
Variety induction fr ney/ % number of
frequency/ % cquency/ 7o regenerated buds
ZEUR 24
Wuyuan 96.46+2. 20a 54.77+2. 25a 5.8140. 16a
Huangju
XA X
Jinsi 90.2143. 21a 44,184+3.81b 3.54+0. 29b
Huangju
PLER g o444.08b 31.89+2.47¢  2.3240. 15c
Hangbaiju
B:“:E‘% 89.86+1.99a 38.9841. 92bc 1.51+0. 06de
eijingju
EAN g5 134103 32,8642 11 1.84=0. 10d
Qiyuexue
FLff Ruhe  76.83+2.24b 29.1042.47c 1.17+0.08e

B RN P AR R 25, RS AR/NG S8 KR i F
[7E 0. 05 K2 5 3

Note: The data in the table is represented by mean + standard
error. Different lowercase letters within same column indicate signif-

icant differences among varicty at the 0. 05 level.
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Table 2 Effects of different time of primary and double heat treatment on the regeneration of
shoot apical meristem among different tea chrysanthemum varieties
$ 5 et %‘ﬁfy%ff %ﬁ%% UASE:) e 504 CLE gL
Index trfi?rtlzl/znt Huangju Huangju Hangbaiju Beijingju Qiyuexue Ruhe
0(CK) 96.46+2. 20a 90.21+3. 21ab 68.94=+4. 08¢ 89.86+1.99abc  75.1341.03c 76.83+2.24b
20 100. 00£0. 00a 86.30+3.16b 85.5640. 86ab 83.8142.53bc  100.00740. 00a 68.26+1.59b
'lgfﬁf 30 73.79%3.57b 100. 0040. 00a 84.2643. 24ab 88.4340.46abc  76.8442.15¢ 77.14+2.86b
induction 40 92.22%+4. 84a 87.274+2.73b 98.08=+1.92a 93.27+3. 42ab 94.444+5.56ab  73.8141.19b
fre(}uo/eoncy 20+40 100. 00£0. 00a 88.0441.52ab 95.24+4.76a 95.05+2.48ab  100.00=+0. 00a 75.40+3.97b
30+40 94,51=+1. 84a 100. 0040. 00a 66.67+3.03c 100. 00£0. 00a 87.9640.46b  100.0040. 00a
40440 96.30+3.70a 100. 0040. 00a 76.74+5. 44be 78.25+3.55¢ 100. 00£0. 00a —
0(CK) 54, 77+2.25a 44,18%+3. 81a 31.8942.47c 38.98+1.92b 32.8642.11c 29.1042. 47bc
20 48.527+4. 55a 43.52+6.19a 24,4642, 70c 20.6341.59¢ 55.56+6.42b 15.88+0. 79d
A g % 30 9.04+1.05e 17.96+2.18b 24.0740.93c 23.1540. 93¢ 16.43+2.71d 22.86+2.86cd
Rfiiiiﬁi?“ 40 33.33+2.36bc  21.31+3.13b 49,040, 96a 38.76+3.56b 31.94+3.67c  13.10-0, 60d
/% 20440 26.0143.17cd 26.9541.04b 39.6843.17b 51.2841. 28a 58.4042.10b 45.24+2. 38a
30-+40 22.7340.85d 30. 56+2. 78ab 30.3043. 03¢ 50.0043. 21a 56.02+3.62b 35.56+2.22b
40440 38.7342.82b 18.89+1.11b 51.524+1.52a 38.7342.82a 75.4043.97a —
0(CK) 5.81+0. 16a 3.54+0. 29a 2.32+0. 15ab 1.5140. 06ab 1.8440. 10d 1.1740.08a
) 20 4,637+0.63b 1.9040. 21b 1.6340. 24b 1.4040. 24b 1.7840.12d 1.0040. 00a
ii‘jg 30 4. 33740. 33bc 2.83+0. 44ab 1.674+0.17b 1.3340.33b 2.00+0. 29cd 1.0040.00a
nﬁ;ﬁ;i?gf 10 5.0870. 21ab 2.3640. 19ab 1.9740.13ab 1.1840.10b 2.6740.17ab  1.33%0.33a
regebrile;:‘red 20+40 3.42+0. 22¢ 3.06+0. 24ab 2.11£0. 11ab 1.56+0. 09ab 2.22+0.12bed  1.6740.19a
30+40 3.25+0. 16¢ 2.83+0.17ab 2.03+0.17ab 2.08+0.08a 2.92+0.08a 1.67+0.17a
40440 4.22740. 11bc 2.33+0. 33ab 2.58+0.13a 1.284+0.15b 2.47+0.07abc —

T« RS /NG 5B R R AL BERITE 0. 05 K P22 B35, T,

Note: The different lowercase letters within the same column indicate significant difference among treatments at 0. 05 level. The same as below.

FEZER G RSP AR RO I 26 1 B/
W40 C/32 CHIRG, " ZEIR 2 B2 53 TE
5 I P (7] 357 X EAS [ R AR A (R4S A S Ak 3
B EAKE AL demt4g T F e Tk % F)
BERW, £ AT AL 40 d 5 B T ETE
At b B E) R G & AR Ak 28 2 KR/ 40 °C /32
CHAL B 5, < 225 52 B o R SRR AL, A
T O] R I 3 T v LAt R AR R 38 O W 3 AR Ak

%$H8 (0 d) Control
2 1A #4422 Primary heat treatment

707 2K # 4L FE Double heat treatment
a

60
50 H
40t
30}
20}
10}

oM

Regeneration frequency/%

IR R ZEUR A L A

a

£

ab

HL A% i il Ay R B A B ] 22 1] 22 T .35 25 5+

H 1 2 TR TR A [l PRk BB | & 25 46
BRI RGP B PR IR 22 S 08 K (P <<
0. 05) AR HAZ LTI 73y 3 FhIEHL 50 1 Ak
TR ZEI I A LR A 0 R Bt A A A T R B
AN S A B EE B A T8 2 RhR AR 2R
IR A AU AR TRAE 1 YAl BRI e G, 7R 27 2 Ik

0

Wuyuan Jinsi
Huangju Huangju

Fh il Variety

I3 A S 2 P A R LA

RFEYH £48% mBe® k% LAE
Hangbaiju Beijingju Qiyuexue

FA
Ruhe

AT /NG SRR AR AL BERITE 0. 05 K P22 5 B35
B2 AT b BRKECT 2% fh P2k 3 2R

Different lowercase letters indicate that there is a
significant difference among treatments at 0. 05 level.

Fig. 2 Comparison of average regeneration frequency of

S [ =] . ey a sl B A4 2. Parin %& }FU
AR BRI LT AT LAt AL 56 3 R shoot apical meristems among different tea chrysanthemum
JEZEI A S R I 2 A B 2R AR (] A 4 varieties under different heat treatment time
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o T 250 R A AL B R IR L 25 B B Ao I 5
7R T AR P P A BB 7 e sl ) ¢ R Ak
friagads . i phls . IR 247 2Rk
UL TR I A [ e B K A R L AR 2 =5 LTt i R )
P IR B R OR A T0 Wk ELAE A 28R AR A B
P Jod 2 590 A AT TR B o WORE 7 28 2R BUIE AP T A
[F o 28 L A ] e JBE b =l 2 ) A9 A AR G 5 2 v i AT
Ak B i i ] BOH 2R 00 A A BUHEAT HE TR

=3

3 WR TR MR EE KA IR A AR B I R
AEBR L BEUR R A T 2R R A1 AR A S AR T IR
(CKO 34 i, 4B A 35 3 | 25 /K F (P >0, 05) , 11 H 5
A RS- 35 P A 2RO X RS ) i BRI L 7E 20
pmol/L K#2 .10 mg/L A ELF M .20 mg/L i 7%
MR Ab 3T 35 35 3 W 35 K OF o A 3 R R 4 R
27.31% .22, 40% \64. 63 % , - ¥4 T A= 25 B k% R 43 51
J912.05%.52. 67%.29. 26 % (P <C0. 05), ¥iHIK
PR R =5 6K % i 1 Ak BB o ¢ R TR R 4 2R OR
Oy H YU

FRKEXEZEREFNLET BREER ERNEHABLERAR

Table 3 Shoot apical meristem regeneration of ‘Wuyuan Huangju’ under different concentration

of chemical detoxification agents

J5t 75 7 Ak B e i AR T A AR 4 T A 2R
Detoxification Treatment Callus induction Regeneration Average number of
agent concentration frequency/ % frequency/ % regenerated buds
0 pmol/L(CK) 96. 4642, 20a 54,7742, 25a 5.81+0. 16a
K 10 ptm()l/L 100. 00£0. 00a 47.62=+3.99ab 5.2340. 25ab
SA 20 pmol/L 100. 00£0. 00a 39.81%2.31b 5.11+0.11b
40 pmol/L 100. 00£0. 00a 50.00£3.21a 5.1740. 30b
0 mg/L(CK) 96.46+2. 20a 54.77%2. 25a 5.81+0. 16a
P .00+0. 00a .50+3. .75%+0.
*'JET?PH‘ 10 mg/1 100. 00==0. 00a 42.504+3. 82¢ 2.75+0. l4c
Ribavirin 20 mg/L 100. 0040, 00a 43.64+1. 82bc 3.2040. 20¢
40 mg/L 100. 00£0. 00a 51.8541. 85ab 4,7340.07b
0 mg/L(CK) 96. 464 2. 20a 54,7742, 25a 5.81+0. 16a
" . 10 L 100. 00£0. 00 29.09=+1.85 3.9640.17b
5 15 R mg/ a c
ABA
20 mg/L 100. 00£0. 00a 19.37+1.41d 4.114+0.31b
30 mg/L 100. 00£0. 00a 36.05+1.49b 5.4630. 14a

2.4 UEHRSHEAALEN BREEH EXH
HHABENZ I

M 4 AL AWK IR A EHARE S 1K
FRAE PR ¢ 2R 5L 3 2R AR R A AU AR A 5 ) IR
(CK)LBFEZEF(P>0.05),30 mg/L KM L&
PR ZE R0 AR AU R T b AL 3, 5 10
meg/L WK IR AL B 2% 5 B 3 (P <T0.05), “ZJiE
87 2RO A B AE R AE A R EE K R A S
RZE A PR BT 349 i % B, L 2 e R G o i %
TR FEARMRE T 25 50k WK T, e KA R
b B3 ) T R R 98, 05 %, 78. 16 %, A 1 35 Ak Ak
PR A IR 72, 10% .55, 39% (P <C0.05); 7E 10
mg/L BEVEBRZE A AL HL T 2R B 4 2R A Al
S A R T R L H G E 25 5. 20 mg/L. 30

mg/L W7 R 45 & P R 35K T %k IR L B R 23
Bk 42.06%.83.32% . R B4 KR A A
-2 FE AR SRR A W BE K A TR R L 5 bR A S A
PR BT XL 10 pmol/L.40 pmol/L 7K. &
10 mg/L.20 mg/L | 55 Mih B F 5 X) 6 2% 5
F(P<C0.05);1F 10 mg/L.20 mg/L i 7& R4 A
A HER C ZEYR BT 2RO A A AL UV B T A 2R RS X
WR TG I 3 22 57, T 76 = Wk B (30 mg/ L) JBE 7% 1% A B8
T X R G AR 73, 82 %6 . [ i 3 IR T Ll e
JE R V5 R AL FR (P <C0. 05) . LA K A7 IR L A B = Ak
S5 A AR BT 2543 oy A 2] AU A R AR E 1R T T v
VA 7 TR 245 5 A ALk ) 71 A ) 25 4R 43 A A 41
AL HP L 10 pmol/ L 7K R 45 4 #R Ak BN 252 43
A 21 2F A T R AR B A
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Table 4 Shoot apical meristem regeneration of ‘Wuyuan Huangju’ under different concentration of chemical

detoxification agents combined with heat treatment

I 2 7] e 2 g LIRS £ s
YL JI5E 25 50 e 2 7y % RINAER ke XA 2R
Treatment Detoxification agent Callus induction Regeneration Average number of
catme concentration frequency/ % frequency/ % regenerated buds
0 pmol/L(CK) 92.2244. 84a 33.33£2.36b 5.0840. 21a
KR 10 pmol/L 100. 00+0. 00a 66.01-+0. 65a 4.33+0.07b
SA+40 C/
32 °C.40d 20 pﬂnol/L 100. 00£0. 00a 59.38+3.03a 4.74+0. 21ab
40 pmol/L 100. 00£0. 00a 35.10£2.89b 3.4440. 24c
0 mg/L(CK) 92.2244. 84a 33.33+2. 36¢ 5.08+0.21a
I EL = K 10 mg/L 100. 0040. 00a 57.36+1. 73a 4.4040.06b
Ribavirin+40 C/
32 °C,40d 20 mg/L 100. 00£0. 00a 51.79£1.04b 3.96+0.09c
40 mg/L 100. 00£0. 00a 35.04=1.71c 4.937+0. 16a
0 mg/L(CK) 92.224+4. 84ab 33.33%2. 36a 5.08+0.21a
it 7% TR 10 mg/L 100. 0074=0. 00a 40.45+1. 87a 5.59740. 16a
ABA+40 °C/
32 °C,40 d 20 mg/L 91. 63+0. 40ab 19.31+1.93b 4.947+0. 24a
30 mg/L 82.22+1.11b 5.56+0. 56¢ 1.3340.33b

CVR

4567 891011 M T 1213141516 1718 19 20 2122 23 N

A A2 Y

CICV1

45 67 8 91011

MTI1213141516 1718 1920212223 N
2000 bp 2000 bp ;

g(s)ggpa - - . 500 bp - - ‘
IOObg 4 Y = :---.---_--.-.w...d

M. DL 2000 DNA marker; T. FIPEXS R ;N N B 5L 51— 6. 220040 SR B 95 57— 11, 40 °C /32 “C AL 3R

20 d+ZERAAEHBREFE 512,40 °C /32 CHALEE 40 d+ZER MUK FR 13— 15,40 °C/32 CHALHL(40+40)d+
R EH UG SR ;16— 18 KR A B A LTS TR +40 °C /32 CHML IR 40 d-+ZER M EH LU

19—21. KGR FI T3 bk VR TR + K9 4r A H U 57 ;22— 23,40 °C /32 "CHALHE 30 d+ KR4 A H LU 57
&3 NIRRTy e N ¢ 2R A T AR e T A D P K TR
M, DL 2000 DNA marker. T, positive control. N, internal detection. 1—6, stem tip meristem culture. 7—11, heat
treatment at 40 °C /32 “C for 20 days + stem tip meristem culture. 12, heat treatment at 40 C /32 ‘C for 40 days +
stem tip meristem culture. 13—15, heat treatment at 40 °C/32 ‘C for (40+40) days + stem tip meristem culture.
16—18, salicylic acid. ribavirin, and abscisic acid treatment + heat treatment at 40 °C /32 “C for 40 days +
stem tip meristem culture. 19—21, salicylic acid, ribavirin, and abscisic acid treatment + stem tip meristem culture.
22—23, heat treatment at 40 °C /32 °C for 30 days + stem tip meristem culture.

Fig. 3 Electrophoresis map of virus detection of virus-free seedlings in ‘ Wuyuan Huangju’ under different treatments
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K3 R, R S A T 2R R AR S H AR R
THA4 M CVR(247 bp) .CVB(389 bp) .Carya illi-
noinensis carlavirus 1(CICV1,502 bp) {5 B 45 5
2R S [ELE 40 2 48 I X R Uk 5, U B 2R AR 4y
A 20 285 SR AT DA /D AR R A PO BE S L (H R R AR
o84 WL RE 1 . BE A TAL B A () Y SE 4, B AR
CVR.CVB 47 5% BE B Wik 55 . b 3 40 d.40 d+
40 d B A BN R S 1 25T, CIC VL 7E A4k 31
TR R R Al U B A Ak AT 5E 4 N R
CICV1, i #hAb 3 40 d.40 d+40 d AT 522 W 3 Fib
JREE . JBEE B — b BT 58 & B Bk CICVL L {H K g
e Wik CVR.CVB, I8¢ 45 6 $ 4k 351 AT 5] B
i 2 FhEL 3 e B . e 27 AL B 55 R 45 5 sk
FRN FRAG I 5 bR 2R A S e M .

31 ®

TETW R A F W i TEREHA
T R S AR D SO A, DL H b A0 Y R AR T
TR e AR R T R O U 2Rk
SRR RN ER T EH LR HERE K, H
HEAFEYZ MAAERKZES ., ARG R BN,
AR AN AS 2 2500 A A A VP R 25 5 W 2L L
DLt BRI B A T 2RO tE N AL AR RE ) Bt

TEZER G AR A A b F v R B, 35 57 LR
B 473 4L 4 W0 2 RS A, T A R 8 2R 55
T 2H 55 0 A AR 1 R 8 SRR, TR K R 2~ 3
cm, X — 77 [ A AE A A 1 4 20 B 5 S o 1 AR
SR BT £ WAL T A il - o B LR
ST HH TARMAER SRR MG LA B,
11 15 75 L% B Ar, Joik 54 R T R 2g i, &
HORE ZFEA KRS RAE, BR300 5 2 XA Ak
A s R A — AR R

I8 25 A Tt APk e 25 L L DUE R AT AL
FRA] B BT I B BT T R AR DL AR R 2
HEAT HAAL B, A AN [ BR Ak B A i) X 25 4% 73 A 4 41
A 5200, S B HR 3 205 46 i Tl 2529 3 A 2H 21
AR AE AL FE 20 d. 30 d IR, SXF I E R
F L MAE AL B 40 d B 5 00 B8 22 SO W3 s Ah B
20 d.30 d 7t LT, 2544 A A 40T L 4 el g
el A AR R T EEE B L 2B R R
VI 2 A0 I EE R 1 3 38 A R Ak, 4k 22 B A i &
FE U Rk i — 20 IR T IR DT Ry 4 2R A
PEALLRAP LR O AP T 20 ML 00 5 R0 1 0 O A 32

A fioh e Kb P o G AN A2 AR ik & VR Y R AU B 4
B2 B0 Z0 A iR s TS X AT BE S AN e A
oK 38 ok TR B A5 S RIGE FAH G 8 WG R A
AL PR A0 d FE 5 TR I (] B 7E R R 90 3 43 AE 2H 41
PRI AR I8 AR AR BN g 1 R X TR A BT R 1
S8R . DT 26 B A R A L TR AR R 6
BRI G, IR R4 a2 dun
357 FLAT 2 2R AR 40 A AL SR AR R A X R S8
{(SPNITE TNS B TRN o  Re=ASC RA S TR SO R ST
e, TR SRS iR EH S ZERAN
LU o 0185 357 P e AL R B R g A % . ST A )
T 25 W) 5 5 1 L 22 W S AR (PP OD T 14 AN [R] 45 41
SUBALRR R R[] 1 24 9 I o 1) 0 o g A 1R
BT EH SRR EH S B SR R A
Sy ke Ak, Uk B L 1 28 W T 0T R R T A R
HEE S PPO WG EZE N Z 22—, R+
PPO 176 P 32 B 1) fc 3l I 3 4% 5, 24 0 B e o A 3 R
7R BE 5 B AR AL B ) 3, PPO TR R
RIS AE AR B U0 o IR 4 B I 25 AR 4 A A 4L TR
WA, 3E I LA [ R S A B B S 2R R A1 A ]
ZUR PR DL W25 T M AS [ i Pl 5% 4 76 A0 38 5%
47 Y A= B R N FLE B B8 T . A BT 0 O N PR
5 AR PR 1 255 3 R S AR AN TR PR B S R Y
AREARES % R G A S0P RNA
AR 8 o ek B B 1 o B o i OR BRGE H  RT LR
FANIR] b o 255 48 70 ot 5 A A 3 A I B 2K 32 1Y) e e Ui
JE Ko AR5 232 I (] 5 AT i i O 2 %

I =5 MR A P Ot 5 v o e T AR F
FE IR 2R R EL B AU I 5 MR o3 Ak 3 5 B v
B FEE L O s 0 2 B Ak SR R . AR A 5 G
RS g BEUR B A 2RO A AR AR AR TR N
I A5 AR o A s TR B rh ek iR L A AE T,
WA 35 455 TRLALD 3 9 R AT 0 L 20 BT D L MR ZE R L
347 (1) 5% i) 5 H At A 0 R S 0] BB A AR 22 5 L 0 0 #E
RORA S AR R U], R T35 pRA A B 25 5 250
S BUEFRANRE 56 A WL BR 3 Bl B , (H 7 I FE Al
AR ] ARAT S M . WIS TR (ABA)
3 ) 3% 22 ) BRI T 0 AR, DT B A
(1 41 [ 3 2, 3 80 JE 3 s 2 1) SR L A RO R
W] ABA TiAb BEES G 252 3 H 4 2135 5% X 4 46 2 0%
TR BRAL A . AE AR ST R, ABA T AL B
A 2R 5 T 2R R AR A SV A R TG ik
SR 3 R A AW ABA AL HE X CVR,CVB,
CICV1 iX 3 P 5 Wt bR RCR B 2% .
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IKAH R (SAOAE Ry — Tl IR 15 A 1 0 A
b 2R G0 T AH GG Y 3Rk R AE KR B R AEAR Y
I A0 1 36w 7 ok AR b R I CELVE YL B
FFERW] 10 pmol/L SA 7 2529 73 A 2H 2L A 5%
SRARAT L R SA Wt AR TN R Y
AR 1,10.50,100 pmol/L SA X 3 5 3 5 1) 5 1
RIY SA W 10 pmol/L J5 5454 2 5Bl SA
WP TR R M, S 10 pmol/L SA 4bHi 2523
O3 SV B R AL T R R R B R B SA FE 45
A AL B AR b X 2590 40 A 2 ST AR R HE AR AR
P ARBFSE R 10,20.40 pmol/L SA kb PTG
A R I3 T SA R BE AL BRI I 259 40 AR A
ZUHA 31 L 20 pmol/L SA S K, X 7] fE 2
SA W BE 3 v 5 R Y A0 M PN AR A 9 R N g B
A ) R A G TR TR B SA TT DLAE — E R
JE 1 v W A ) e AR AR S LA (R AR B ) £E A
25 [ A 5T R R TS RAP2. 12 4R
F R 3E SA — FR 50 A W6 BRI B A8 s 0 5 38 5 aok
i PLT OB % 3 42 0 ) A 45 2 2L R 2E L TRl I SA &b
FIHI 55 RAP2. 12 RABK @A AL F AR~
P AT E I SA Ak PR 7R — i B E LR AR T 400 g 4
REVERRT 9 1 2R BB 1T . K b R A 45 4 Ak T i
WX 25 4 43 A A 2P AR 26 Rk A 0 A L K A R AT
FIE A2 38 5 TR A b T 1 3 P A i 4R AR R 3 K
o B AL RR O BT L AR — A L i b 30 X A
Yrw 45 % 3 TS e A AR 19 PR 2E . Golovatskaya 5§
Ml Tran %42 SA 2 50 541204 2 [0 7 78
BERETERE R T SA S5 Pk B HE S A 2R
AR T R UL SA BEHY IR K4
GOE/BUIN 6 N =T R 7 ) S M= N S IV
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