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Molecular detection of the tomato HeroA gene conferring
resistance to potato cyst nematodes

ZENG Shuai' ,LIAO Aolin' ,CHEN Chen',JIANG Yuwen' ,HU Wenjun',
JIAO Keming' ,TANG Yunchuan®, WANG Xuan'®

(1.College of Plant Protection/State Key Laboratory of Agricultural and Forestry Biosecurity, Nanjing Agriculture University,
Nanjing 211800, China;2.Chengdu Academy of Agriculture and Forestry Sciences,Chengdu 611130, China)

Abstract ; [ Objectives | HeroA is a broad-spectrum resistance gene against potato cyst nematodes. To rapidly and accurately identify
tomato varieties that carry the HeroA gene, and to provide guidance for the rational deployment of varieties and genetic breeding
programs , this study developed a specific molecular detection technique based on sequence characterized amplified region-polymerase
chain reaction ( SCAR-PCR ). [ Methods ] Genomic DNA samples from the potato cyst nematode-resistant line ‘ LA1792° and
susceplible variety ‘ Moneymaker’ were used as templates to amplify and align the sequences of the HeroA gene and its homologs.
Primer pairs specific to HeroA gene were then screened. The PCR reaction conditions were optimized and the detection sensitivity was
also evaluated. The developed SCAR-PCR technique was subsequently applied to detect the HeroA gene in 30 different tomato
varieties. The results were compared with those obtained from previously reported methods to assess the performance of this
technique. [ Results] The HERO-F9/HERO-R11 primer combination specifically amplified a 700-bp band from the DNA samples of
LA1792 at an annealing temperature of 62 °C , whereas no amplification was observed in the susceptible variety Moneymaker. The
detection sensitivity of this assay reached up to 0.1 ng-pL™" of template DNA. Testing across 30 different tomato varieties demonstrated
that the detection results of SCAR-PCR developed in this study were entirely consistent with those using previously reported methods.
The results revealed that 11 varieties,including ‘ Hongguo’ , * Dahong’ and  Heijingang’ , carry the potato cyst nematode resistance
gene HeroA ,while the remaining 19 varieties lacked this gene. [ Conclusions]The present study provides a more accurate method for
the molecular detection of the potato cyst nematode resistance gene HeroA in tomato plants.
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A e o AL B T ek i ( Globodera rostochiensis) F1 5 BB 2k (G. pallida) , LA
(Solanum tuberosum ) J&: Hie i 77 £ , I 22 YL 35751 (S. Lycopersicum ) i ¥ ( S. melongena ) LA K¢ HoAh £
FOAEMEY Y D S PRk HOp — R S35 L 88 B 7= 20% , e T 7 F A T B0 B4R K R ik 80% ~
90% ,$ L T S PRk X L B K, B4R 100 24N E K AR
FAY), FEWT 2020 AR R TS FER ARG FEEY AT, SREELR
TERE JEYN ALSEU BRI AR SIEHFR R YN 1 72 A [ GG e A A3 A1 T B 44 38 1 4 s AE 42 35K 50
ZAEFANERED . KET 2018 FHREFME BT EARTELAAN SR ELLN WE, s
T 7 T T ) LR S T 238 B A b A A 12 Ry G ) Xt 1 A% S T R R Y
B

3 SR A AR ) 5 3R 7 F Al Y e A st 2 By R 00 e S A e 2k O A TR IR L sk b
FEHUIR AN R R AT AR TE 2 — . (i T S8% 5 Sk by WA R BT X 4%
421 Rol Al Ro4 BUWALELA RRAMPUIE  FEL BRI DR SR A bl iz ™ Bk 4h, B it
A 3N DA E AL PR FE R B A v B, 43 B JE Gpa2 . Grol-4 Fll HeroA'®)  Hirh HeroA JEH Sk H BF A4
Tt B3 0t (S. pimpinellifolium) < LA121° | 315 e 951 A BN &tk 855 & < LA1792° o) 3% 38 ] L % fip
A BB L N LLER 7y S4B A 2 U BUR B RPN, PRI & s st i T 3 2240 5 Mk Ak AR 7 1 ik
el

DTl Fh 2 BA HeroA A S B94THE , vl LU ik A THeRh B 48 B e 248 i g A7 5 |, SR T Ty ik
FRAVERIXT ST E R, R T h44 B e 2 HUSCRA e VA AWk U, N TR EAE R R HE
WU o R0 A= 2 BRI T S PRI A P2 A5 5 HeroA B | BEAS AR bR iR i M ot b A9 07 B 2805
TR T8 7 bk B A A R 4 0 1) M O A L BE . Cabrera 2517 HF R T 51441 & HERO-F2/
HERO-R3, HI1Z 5 |4 1 B8 1 4 s bt i 3R < LA1792°  JFR 3] 2 AN K/ 9 DNA J B, T 7E
S A Moneymaker” "R B 1 AN BE, i TAEBUIE S AR #Y 2 S BN, W B 5 IR
Fl A4 BRI , Uehara 551 FF & T 3 T BRI A BE A B 22 252 (vestriction fragment length polymorphism,
RFLP) BRI HE A | BEAEE W A TR S o DX T, (ER ARV E ARG S, AR T4 R, B, R —Fb
R RURE S HeroA J: PR 43 F R H AR % T Th 44 S A e 2 A ok ot b 1) 5 B Jm) DL KA st % B Fh i B
AEENE L,

1 #HETE

1.1 et

LR A AR 2R PR &R LA1792” FUE i A1 ¢ Moneymaker” #EAS K H & M507 - R 1000 55 FF (James
Hutton Institute,JHI) ,SPARTA & H FEFIBFHRFE K 2% (Ghent University) , ¢ A-7E 903 2k A L7548 4L Bl
B, HoAth 5 R R T A A5
1.2 #7n DNA $2EX

it DNA BYHRBCR I NaOH 351" BUHT e {8 BE 25 i 19 ' 29 0.05 o, BB AR 25 A 2 H b 21 21
0.15 g, BA VR A VR 5 IR RS 1 ~2 min, I Z2BAR, FBRES ZE 2 mL 208 T, A
500 L ¥k 0.5 mol- L' ) NaOH ¥ 5 BRENR S, 5 10 min, 3 T 12 000 remin™' B0 10 min, HX
10 pL B TR SO, A 90 L TE buffer( 100 mmol - L™ Tris-HCI, 1 mmol - L™ EDTA)IR%],
FFH NanoDrop One( Thermo Fisher Scientific , USA ) Jll i2 ¥ & 5 '8 F—20 C KFE & H .
1.3 FEFEEART HeroA EE S FHEN

RS A (R 1) 50 HEF5 DNA B4, PCR W AR R :2xEx Tag Mix 25 plL,5 pmol - L' 5]
Y& 1 wL A4 DNA 1 pL, vk #h 2 2 50 pl, AT 94 C 4 min;94 °C 1 min,56~62 CiE K 30 s,
72 °C 1 min,35 MEHF ;72 C 10 min, BN B B-tubulin FEHMERNS: 7Y T 4 CLaAfE, Hr,
HERO-F4/HERO-R6 HY3" 1477 ¥) 45 Gel Extraction Kit( Omega, USA) P MWL, FH Taq 1 BRI Py U0 B E 47
FEY), BEVIRONAR ZR AR 24 10 pl, Tag 1 (2 000 U)1 pL,10xBuffer 2 pL,10 g-L™" BSA 2 uL, ¥
VLI = s WD) 20 g LT B AREE S FEL UK 30 min( FLFE 100 V), FH EB Y05 78 BE R %
RGHMBIETE, HERO-F2/HERO-R3 {4 8 = e WIS 10l , R FH T, DNA Ligase ( TaKaRa, H 7<) #:4% &
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pMD19-T vector( TaKaRa, H ZN) ESRLN , A TAY TRE () By A FR A\ 58 i,
x1 AHREENSY
Table 1 List of Primers used in this study

14 Fx ElL7)2dl B KRLEE/C SCik
Primers name Primer sequences(5'—3") Annealing temperature References
HERO-F2 TTCCACCATTGTTTTACTGCCAAG sg [17]
HERO-R3 GAATGCAGAAGGGATCTCCGTAAG
HERO-F4 TTGTGGATGGCTGAAGGG & (18]
HERO-R6 CAGCTTTGACAGTTTGAATAATC
HERO-F7 TGGAAGTGGAAGAGGAAGAGGAAG
HERO-R10 AGGTGTGATGGGAAAAGAATG 5662 AT
HERO-F9 GACACGGACAATATCCAAAGCAG This study
HERO-R11 TCTTATTCATACAAACCTGATAG
Tub-F1 AACCTCCATTCAGGAGATGTTT sg [20]
Tub-R1 TCTGCTGTAGCATCCTGGTATT

1.4 FIH DL
%55 NCBI [ GenBank BUHE FEHEFTIF 91 1 BLASTn HoXF2Y | R 4R AR BioXM #4722 )% 51 (1 HES)
X2

2 HRESWH

21 DHREMBLEAHR RRT HeroA EE R ERIEFFILLXT 4547

T DLy S S A e 4 PR A &R LA1792° FUEE i FR © Moneymaker” ) DNA B4R, F| H 51 4
HERO-F2/HERO-R3 #17 PCR #ill, 445 L anf&l 1 i, riEdh & C LA1792° BEARTEZ) 700 bp B4 E
PR 2 SR/ Y AT TR0 5 A ¢ Moneymaker” F7EAH [ BANREY 19 HY 1 G40 Stk 5601 . 20 0K
P B BIRE S S A T I SERENN T, A B X R (] 2) R LA1792° FEAS FR AR X 43 it
RIS S 5 EARIE K HeroA FEH ( AJ457051) FEFIAHLEE A 100% , 1M ¢ LA1792° FAR AR XT 231

A AR Moneymaker’ R S 558 8 915 HeroA 1 [R) R 3% Helper3( AJ457050) P 584 —3K
LA1792 Moneymaker

1 D¥ZERTL M BEMEARA HERO-F2/HERO-R3 5| #AG KN &R
Fig. 1 Comparison of amplified DNA fragments in potato cyst nematode-resistant and
susceptible tomato samples using HERO-F2/HEROQO-R3 primers
M. DL2000 maker; 1 ~ 3. Fi 4 & ¢ LA1972° Resistant line * LA1972° ;4 ~ 6. J&J5 & Fh © Moneymaker’
Susceptible variety ‘ Moneymaker” .
2.2 HeroA %% SCAR-PCR #&ll{&k R H# L

LA HeroA 5 Helper3 255 7 5 AH8EAR , 73 1T 1E M 5 [4%) HERO-F7 #1 HERO-F9, X W5 |4 HERO-R10
FITHEROR-11( & 2,3 1) , H LR ARG 94L 5 3 5% < LA1792° 1 ¢ Moneymaker” FEAS#EFT PCR Al
g5 A& 3 fif7R : HERO-F7/HERO-R10 \HERO-F7/HERO-R11 5| ¥4 & 7E  LA1792° il Moneymaker” 1]
S5 14529 300 bp 1Y 554, J0 L AT AR IX 434 L B 5 Bl HERO-FO/HERO-R10 5 ¥ 41 & 7€ LA1792° FiI
‘ Moneymaker” 1 [RJE 47 14 H 2 SR X 43 0 i #2305 2% 5 T HERO-FO/HERO-R11 5194 & AU AE Bt
F “LA1792” Hhyy 3411 25 700 bp MYBISEEHT , T FE B0 i B Moneymaker” H1 1 38 2 25 AN W] 43+ T f 19 AE

RS (B 3)

47 4% HERO-F9/HERO-R11 5120575 ¢ Moneymaker’ FEAS H 945 24 19 fidk PCR Sk £
AR KR, 25N 4 BT AEIR JGRIE R 56 CRE, Ptk &R LA1792° FEARH AT UL 1 4524 700 bp BY4F
SRR, I & © Moneymaker” H AT UL 22 AMSOR 257 5 Bl A 1R KOIRLEE RO AT 57, © LA1792” HEA
TG A5 TC I AR K, 1H © Moneymaker” FEAS () JE AR S M S5 B T AR 59, MR KRB IR B 62 C H,



554 Moa ok KO oE R 49 5
E ‘ Moneymaker’ H S A e T Ok R HERO-F9/HERO—R11 FIAGAE 62 °C IR JOR B S5
R =N N A
RERETEDUIE LRl rh 38 R S R AT, A 8 IX o Bt J8h
LA high TTCCACCATTGTTTTACTGCCAAGATTATTCAAACTGTCAAAGCTGAARRER
LA low FTGOACCATTGTTTTACTGCCAAGATTATTCAAACTGTCAAAGCTGAARER
MM TICCACCATTGTTTTACTGCCAAGATTATTCAAACTGTCAAAGCTGAARRERS
Helper3  AGTCGTGGGTGAACCITEPIGAATCTGGAAACCCTGTTGATCAATACAGAAAAI)— BHNWIHNNUVINIC RN TINUV YN CY I EWIYER Y | 132
HeroA  TGTCATGGTTGAACCA®®AGAATCTGGAAACTTTGCTGATCAGTGAGGAA ATTATTCAAACTGTCAAAGCTGAARREIRYS
HERO-F2
LA_high 148
| NB I CA TGTGAGCATTGACHAGAGTTCTTTCTTTGAT] GAAGAGGAAGAGGA 96
MM CATGTGAGCATTGACAAGAGTTCTTTCTTTGA A 96
Helper3 1180
HeroA 3182
LA_high 248
LA_low 164
MM AGAGTATTGGAAGGTGAGAATTCAAAGCTAABAACTTTATCCAAAGTTGATATCTCATATTRREL!
Helper3 GAGTATTGGAAGGTGAGAATTCAAAGCTAABAACTTTATCCAAAGTTGATATCTCATAT TRRIRERS
HeroA 3282
LA_high 542
LA_low 461
MM 461
Helper3 1545
HeroA 3576
HERO-R3
LA high | 724
LA low 640
MM 640
Helper3 1742
HeroA 3776
LA_high 724
LA_low 640
MM 640
Helper3  TCCATATATCATA-——— GTGCATTTTTAGGTAATGGAGAAGAGTTAATGCTTGGAAAATTTAGACAATGC TGATT 1913
HeroA  TTCATCTATCAGGTTTGTATGAATAAGAAGAGGATCAAACAGAGTGAAGCCT—GGAAATTTAGGCATTGCAGATGGCTTGTGCACAAGGCGAGGTGATT 3 974
HERO-R11
2 AESIMAEER EREMELRTYE HeroA EE =85 51 L3¢
Fig. 2 Sequence alignment of the amplification products from resistant and susceptible tomato

samples using different primers
LA-high: ¢ LA1792° BEASH Y 35 43 F 5t i 4571 P 51 s LA -low : < LA1792” #E AR v (41K 437 I 2t 4% 5
FEAS (4 19 4677 2 91 ; Helper3 ; Helper3 51 ( AJ457050) ; HeroA ; HeroA 51 ( AJ457051) ,
LA-high : Sequence of the high molecular weight band in the ‘LA1792’ sample ; LA-low : Sequence of the low molecular weight band

JF¥ 31 ; MM ; ¢ Moneymaker’

in the ‘LA1792° sample; MM :The sequence of the amplified band in the °

((AJ457050) ;HeroA : The sequence of HeroA( AJ457051).

F7/R10 F7/RI11 F9/R10 FO/R11
M 1 2 1 2 1 2 1 2
bp bp
2000 5000
1000
750 1000
500 750

250
100

B3 # 1% HeroA EFEHS| YA S ik

Fig. 3 Screening of primer combinations amplifying

the HeroA gene
M.DL2000 marker; 1. * LA1792” K7 The sample of * LA1792” ;
2. ‘ Moneymaker’ F£Z% The sample of ¢ Moneymaker’. T [i] The same
bellow.

Moneymaker’ sample ; Helper3: The sequence of Helper3

500
250

4 AEIBNEE

E¥t HERO-F9/HERO-R11 3[4
HETIEERNEMN

The effect of different annealing temperatures

Fig. 4
on the amplification results of the primers
HERO-F9/HERO-R11
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2.3 HeroA $5 25| Y R E N

FHLMERL R LA1792° 19 DNA BEAREATRRIE MG
B, Jl HERO-F9/HERO-R11 5I1¥)2H & 73 BIH#EATH 1S, 1000
PIAS SCAR-PCR IR RAGRE . 2558 (B 5) WoR . 750
TEFEA DNA ¥ EE 4 10 ng- uL™' I, HERO-F9/HERO- 300
R11 A A RS 1 249 700 bp M HASE 454 ; 45 250
M B 2 IR BE 2 1 A1 0.1 ng- L' B A5 BEAS G I 2]
FESEPEY 8 45 1 2 W B FE & 0.01 ng - pL™" B, HERO-R11 #7125 &
HERO-F9/HERO-R11 51241 45 To 4 4% 2577 th 8L ’ R Fig.5 The detection sensitivity of primers HERO-F9/
B FO/R11 51420 -EA R HUE M 0.1 ng BIH DNA, HERO-R11 for HeroA
2.4 AREEHN BT HeroA 187

FIH HERO-FO/HERO-R11 5I¥2H -5 %F 30 AN [EZ i A Y DNA FEAR #4794 | [M I 5 HERO-F2/
HERO-R3 5|41 & LIS RFLP Jrikib AT b, 25 R NE 6 fiis . < 405 Rem  BEeN) 4 11 AN Fy
REASY 1S 1 29 700 bp MYHRe Sk 5500, R FR i fh 5 S8 B2 L M PiPEIE ) HeroA ; * 4R * B0 2E

A bp M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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Fig. 6 Molecular detection of the HeroA gene in 30 tomato varieties using different methods

A.HERO-FO/HERO-R11 51#J241% ; B. HERO-F2/HERO-R3 31416 ;C. RFLP A&, 1. £02R2. K413, BER 4. BAY5,5. #2E4;
6. FLOTRM ;7. £LB2R;8. S 49, 224,10, A8 T4 11 AEAl 1512 TP U513, MBI s 14, THiR/R 15, B 16, STUCHERE;17. 1
DUDL18. /MIldk;19. #3595 520. WHMALE ;21 JEEKE ;22. IFMRiE ;23. FI2RIRE ;24 TR, 25, AN ; 26, BETEAY;27. £0 01428, JREL
#;29. SPA;30. 41 903,

A. HERO-FO/HERO-R11 primer pairs; B. HERO-F2/HERO-R3 primer pairs; C. RFLP method. 1. Hongguo; 2. Dahong; 3. Heijinggang;
4. Haungniunai ;5. Huangshengnv ;6. Tianxinfangie;7. Hongzhenzhu;8. Zishengnv;9. Helanzi; 10. Taiwaqianxi; 11. Caomeishizi; 12. Zhongshusihao;
13. Fenyuanyuan;14. Matier;15. Heiduo;16. Guifeiyingtao;17. Huangbeibei ;18. Xiaoxiantao;19. Fenxiu;20. Naiyouhongshengnv;21. Meiguodahuang ;
22. Haoweidao;23. Baiguoqiangfeng;24. Heizhenzhu;25. Zeibutou ;26. Huangyangli;27. Hongbeiti;28. Heimeigui;29. SPARTA ;30. Hezuo903.
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2 LBBIR A 19 AN A T A L, RN G HeroA B9, i) 34 F i B-tubulin N5
FERHIESE Fr A FEAS DNA ¥IEH (E 6-A) ; FHE #3E 1) HERO-F2/HERO-R3 51 G L5 L WIR, < 40
J R BRAN S 11 ASERFREILE 700 bp Ze A7 UL 2 AAK/IMHIT O 5T  BEARTY W FNC a1
PR 4519 AN AP FASIN R 1 408 5k 400 (18 6-B) 5% 1 RFLP 7 8% b iR R ARG I 45 5 o | < 41
Ho ke BN A 11 AN A HERO-FA/HERO-R6 I G4 #3248 Tag 1 BEVI 5 4774 24 270,
360,600 bp [ 3 AN BE M EAEYY WXL ML ER 5 19 AN AP PR Y C kB Tag 1 BEL)
([ 6-C), KillzhF (% 2) £W, FIH HERO-FO/HERO-R11 514414 %t 30 NAS[FIZ Hli if F HeroA B4
SERSOREN 2 ROkt e, R ke CBAeND 1 AR A D gL R h b
HeroA , 55 Ab 19 MK i i AN & HeroA FEIH |
%2 AEEH R HeroA EEMAEFERNLE R

Table 2 The different detection results of the HeroA gene in different tomato varieties

o i1 . DO o i1 . DO

G Twe ORI " TR | e Tpe  mwRomn M TR

i EARCNIIS S + + + SCHEE /R + + +
PNl LR + + + UL TANR — — —
sl HENR + + + /Mg EARGNIS 8 — — —

B /R — — — iwid B /NR + + +

WXL /PR — — — BRI EA I S ARGV + + +
FLOFEM  aEhR + + + RERE  HERR — — —

FARZ20S EARGNIS 8 — — — LFIRIE EARGNAS 8 — — —

g£x4 BEOMR + + + FEREE aakR — — —

i 24 5% VIS — — — BS737N BE/NR — — —
AETHE a4/ — — — A i grE ISR — — —
FEAT OB EICR — — — TR N — — —
hEEE A ROR — — — g EARGNIS 8 + + +

53 53[5 /R — — — B BO/NR — — —

LY AN P S + + + SPARTA  ZLE R + + +

Rz BRASRIR — — — HE903 A RA — — —
T+ FIREA Herod FERRYFMGFN ; “ —" FIRANEA HeroA HEIK ATl .
Note: “+” indicate tomato varieties carrying the HeroA gene;“—"" indicate tomato varieties lacking the HeroA gene.

3 RSt

LR AL B B EMEY L — R E BN E  E e R 2N EZR G DRE KGH ) R dor: i
PR B IRz E N —FF B, HAr, D2 NSRBI ] HI  Gpa2  Grol-4 SEHi e 28 d Ik
P HI R S48 2 428 Rol Al Ro4 BUR AL | Gpa2 AU Th44 3 1 26 i R e AhE LA PpED™
1M Grol-4 M F- 47 LhA B 42kt Rol BUR LY | HeroA HE DR 2 ME— v [ 1 B9 A= T 01 1) £ 4% B e 2 1y
bR 1% FE R D44 8 4 2k AU A SO R g b B T N TR . DA g L R R
TR EDLREZ A AR E T, 7R R S I 354G 4 S 4 2 SRR i e AR A R IE T A —
FiITAE B & BLAYANKAT 3 A28, B A 2006 3 00 B0 T 04 g 1 XA Sh 4428 I e o700 i 6ok 38
T IE

9 T BH B I B L Ak Rl 7 50 S AR T HeroA JER, Uehara 451" ¥ & T —Fl RFLP 20 FAG I H A, I
H A S 245 HERO-F4/HERO-R6 7EHT JEs Frrh 4 34 1 1 2% 600 bp M54, Z IS A Afa T (Alu 1
5% Taq T ZE BRI VIR 2 5065 38 7= Py A 5 010, 30 2o Wi U0 i 1) 2 53 DX e JR b, 5 LR FH 4
AXF HASFPAEY 18 ASF ik st FptEAT TR, KB b T HeroA JEIH Ry T #8538 [ WE 26 75 1
FERIRE RS Al P 5 HeroA JE R, I L HIT I E A9 2 20 F A I O i 847 7 003K, 45 2R R, HERO-F2/
HERO-R3 51 /RETEDT Bt A iy G 450 A — 8 22 5 (HS 9 31 S 7 v UKk B v ™ A 4 22
P B R RN 2 SR 2 b e AR IR s RELP A Jy v B8 4R HLA 58 i I R, EL 8 oo R A X 5
R TR — P A HeroA K& DA I AL A | 38 4 I H e | oo Ve B BN 68 M LUK, % HERO-F2/HERO-
R3 FEGUHE AR 1% 2 470 20 BIHEA T [l S R A, P 4 oo 45 5 iz s | DAl & FE B ik b A b g
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WS RIS 3 14 HeroA 3& PR B¢ L[R5 3L 5 Helper3 Wi 557, T A€ J8O i Ff A Helper3 WP ¥ 557, 5
Helper3 FH I, HeroA B:PIHA 70 Z2 A% H R BYAE A | X L2 FEHUR A 14 5500 22 7 1R, HeroA J2
— i LI ) S AT AT R 45 A 25 M 38R & 7 2% 2R 72 2 ¥ 9] ( nucleotide-binding and leucine-rich repeat , NB-
LRR) MHUR & A P84T iR, Ll AT 315 I RTHGE HeroA 25 A AMURR 1 45 B SR BEAH L, %45
18 HeroA SNME—7E LRR Z5H 30 547 1387511 NBS-LRR 2825 (112 DRt A58 LU X 487 51
AEAR , B B NI ARAT T RS R e 38 HeroA JENW B G . (RIS WAHBTE 56 CIB KIRET 78
SR 2 AT it b oA AR R SRS AR IR RS TE R 62 CI ARFR SRR Y A BB IE S8 AT R

IhAR R 2t H R R B IX B 0, FOB R AL RE U OB AN 258 20, Pt b it & B H
A BAT SRt B S A e R AL AR AT R S, S EPR A 6 SRR S FARic kT 875 4
CHRS R BPTIRAEAT 1HEE R 211 (3 RPRHSINE] T HI,237 ARSI E] Gpa2 23 FHRIC, T A K
K E] Grol-4, ALY R FHRIC STR F1 TG689 Xt 15 4~ Th 44 B 3 4% i M A7 1 s, 45 SR 6
CRES05TCHE S S AE 155 mE 3047 MCEE 6 55 AN DS BT HI,
ARG E A 3 AR B 735 R I FR TC R 30 A2t Al b AT 1000, S5 R s ¢ 2R RaD R4
M”55 11 SRR S A HeroA FEDR, H T IZHE IR H AT 1 AN 2 i Bh 0 5 1Y 32 S48 bR, AT THEDY HeroA 5
B H A 7 i e R B R e B, DR TR it R e i R P AR B R B

L5 F TR ARG T —FlOBT Y SCAR-PCR AU 5 12: , BEAEAE & A S48 B A e 2k iV BE R HeroA
AOREAS Hh P A R S 3 B 25 . A, ASBIFSE R AN ) D5 e Se F B 2 R A 0 Sl 5 A HeroA BEA),
XL AT DA T A% S 0 G 2 U i A DX )M AT B O B B R R PR A PR R
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