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Materials and Methods Jaad) (&l kg 31 gall -3

:a.ubﬁ‘ é@-ﬁj 3.5\51..:.\3\ salall -1-3

Sl Adsilaa 8 yaal) dihaie b e g el k) (e de gana oo dulall iy jal
(2SI V) Al 5 ) 33l b g Al ) e BB e (&) )k )

slgedaia g 4lil) clial) gan -2-3

Shaiall elally laga g g s e ciia JSI (51 DU Al @l saill (e dine cdal

ALY Cudae g dlay 8 Uall e 5 AS 58 it I Ll cpad Cudiin g ) saSIL Cadie

g dall 481l 5okl a5 cpn 1 s

1 @\)ﬁd\ Cavall =1 + +
) Ciiall =2 " +
3 RO Cauall =3 + +

(Instruments and Materials) 4laxiuall 3 gall g 3 3¢2Y) - 3-3
L) e 33 Akl cilipall (e DNA padlaiul & deadiua) o) sall 53 36a¥) 2 Jsaa (i
Ll aly 5 38,80 aul aa

daniiinial) 3l gall 9 5 3¢aY) (s 2098

Material Cat# Company ‘

1 Agarose| 8100.11 Conda / USA

2 | Red safe staining souluion 21141 Intron / Korea

3 6X Loading dye 21161 Intron / Korea

4 Ladder 100 bp 24073 Intron / Korea

5 Pre mix pcr 25025 Intron / Korea

6 TBE buffer 10 X| IBS.BT004 Conda/USA

7 Primer Integrated DNA technologies /USA
8 ZR Plant/Seed DNA D6020 Zymo / USA

MiniPrep™
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(Molecular Diagnosis of plants) <l el gadudl) -4-3

Al Clandad oy laill (0 DNA 555300 paalall adladiul sae i 3d 52al)

Gld) Leall Jus yal)
ZR Plant/Seed DNA D6020 Storage
MiniPrep™ (50 preps.) Temperature
(Kit Size)
ZR BashingBead™ Lysis 50 Room Temp.
Tubes
Lysis Solution 40 ml Room Temp.
Plant/Seed DNA Binding 100 ml Room Temp.
Buffer*
DNA Pre-Wash Buffer** 15 ml Room Temp.
Plant/Seed DNA Wash Buffer 50 ml Room Temp.
DNA Elution Buffer 10 ml Room Temp.
Zymo-Spin™ IV Spin Filters 50 Room Temp.
(Orange Tops)
Zymo-Spin™ IV-HRC Spin 50 Room Temp.
Filters (Green Tops)
Zymo-Spin™ IIC Columns 50 Room Temp.
Collection Tubes 200 Room Temp.
Instruction Manual 1 -

DNA 35 paaall padidiu) 53

8 (oo 4 g pall A 1l 8y 530l 38 ligall G0 (DNA) 3151 83kel) Gl
g 30 LS 5 Lgle ddglall CObaaill sz o) ol 4w (1979) Gillespies Vogelstein
S AV @l gl

/R Bashing d—,,daﬂu).u\ Al o) 3all dae u_ﬂe_,jA 150 <l Le Cay ’i 1
a1 ) Q) Jglae e 5 Se 750ianl s Bead ™

L Je 2 Ars sl dala e ganan ()50 Jlea (B i) uasy -2

S e 25k e ZR Bashing Bead™ Jlsill Y (5 35l a5l dlee oy sl 3

A8 3241553 10000 358 micro centrifuge G
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Zymo-spin™ IV ¢ sl i e S Adall salal) (ga il 5 S0 400 ) Jomy e J55 4

A&gal L3350 7000 xie 538 e 3k Jas 5 aaaaill (sl b (U s sl ¢ all)

1
()]

=54l ) (DNA Binding Buffer) DNA » s akiia (e JilsSile 1200 il
Alla s A5 shaall (e gaanl) sl 3 355l

=3 Zymo-spin™ 11C 2sae ) 55 5hall b il lall e il Sila 800 35 -6
Aidasaal a2 X 10000 e 5 S e 2kh Jes 5 aans o gl

Adld) 3 5laall ) S5y anil il VA (e bl 33lal) cilea -7

Zymo-spin™ 11C V) 254 N DNA pre-wash akie e Jils Sie 200 sl -8
Baa) 5 4883 33l a2 X 10000 die 5 )S e 2k e 5 23 aaeaat gl

3k Jee 5 Zymo-spin™ 11C 2se A e Jslan (e ils Sl 500 Caral -9
aal 5 43 5dd o2 X 10000 e 5 S e

— 50 Akl o 3 e 1.5 a8 30 20k sl ) Zymo-spin™ 11C 2 see Jii-10
syh e s ptall sl U 5 il Al DNA il olaa (e il Sia 100
DNA zI_A%Y 4336 30 324l a2 X 10000 2ie 5 S 3
aadll) Zymo-spin™ V- HRC spin gz I 10 5shall g J532all DNA J& -11
X 800 48 41 (538 30 3 sk dae 5 o 1.5 dan i (5 X e 3k gl B (o) i
Clanlaill s PCR lindail | jala sl jall DNA O5Ss Aall 03gn 5 canl g 4y sadl a2

soAY!
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Vortex Plant/Seed Sample
With ZR BashingBead™ Lysis Tube

|
] Filter Lysate
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Spin <I>

Bind, Wash, Elute DNA
With Zymo-Spin™ IIC

2

|
Spin (?
i
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¥

<I>

PCR Ready Ultra-pure DNA

per Jelall jals & DNA o 1SS



S P P Jend) 5l g M gal)

SiZer™-100
Lo
24073
— 1,500
—19%
— 800
— 700
— 600
— 500
— 400
— 300
2B — 200
§. — 100
&

55 Gaaall clodle 20K

il (a5 5l manl adAEaY el b oS Jadll 3 JSa



—_— A A Jand) (3l g 30 gall
. g5 paalall 58 g ¢80 -6-3

S 5 pal Laladia) A0l ST e jia il 260 e dal) palaaia) (s 2a
el 012131 260/325 5 260/2305 260/280 abaaiel) it Cuaing ) 4y 9 5ill alaay)
caalall (adaiul Ale e oL La 5l sld) il 8 S ll) a5 5 55501 malal)
o8 A (e 8 4y (g 5 5l (aalad) 308 i padilaadle 3KV A skl g 5 5l
S yisssl& Wi 25 (Nano Drop ibidas aladinly paall sl aa sl aliaicy)
Ji skl 2ie Spectrophotometer (el skl jlga alaainl DNA 5l padlall
(AS ) cilades) e 53l 280 5 260 G 5o

DNA ) 58 59 5985 -1-6-3

e a5 553l padall e Jw 2 a3 clinll (uldl Nano Drop eas:wj

Ald Sy elally S il Qi e U Cang g (alil) (558 850 g eUal) 3lai g 32c )

1.80 O 2ol oLl = ol 53 260/280 (o s J sk i) (uld () AdanDla e e IS aa
.2.00

Clsall 8 DNA G55l Gaeall 385 35S jima s 4 Jsoa

Lalgd, | Qads L (ng/ml) gssd oaaal 385 | 260/280 8
1 1 15 1.806
2 2 1.8 1.801
3 3 2.8 1.818

Primres <ualdl -7-3

s >S5 elheY 5all ddH,0 (-8 wd) ad dpea il il RSN

oranil 20- 2 e s Al e Blaally il JslaaeS (1l Sl J ) 550100

90 A b Jolaall o il L]0 padiud slas b JplaeS K 0] 0 38
A SL100 Pl paadl AV Jseasll jall ddHL0 sle o S35 yaile
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PCRJU Uasd cﬁl_ij L;.J..}S):\E):\.J‘ L@JM e :\.u‘).ﬂ\ 0da ‘53 Caaadi ‘“;ﬂ\ C'_itm\_\.“ 5 d}&;

Primer Sequence Tn GC (%) Product
(°O) size

Forward 5'- 60.3 50%  510-870
TCCGTAGGTGAACCTGCGG - base pair
3!

Reverse 5’ 57.8 41 %
TCCTCCGCTTATTGATATGC-
3!

Polymerase chain reaction (PCR) Jedudiall 5 jald) Jolds -8-3

O—= 3 58 1.5 (Ao i 55 )8e 25 0 )28 anay PCR apdaai o) sl o

Wl 0« 1.05 (Korea, Tag PCR PreMix Intron) il s Sie 5.05 5 5530 (aelall
) @iV 8 pladall elall Al i 25 (2016 A sMajid ) (uSall g ala)
Jlaninls 28l Ay )yl g el 6 Sl (5 ol 5l Sla 25 (e L SU aaal
(Applied Biosystem , PCR System 9700,GeneAmp) ' ~! Thermocycler

PCR Thermocycler gasil 4 )l jall &l jsall c¥ls 6 Jsaa

No. of cycle
1- Initial Denaturation 94°C 5 min. 1 cycle
2- Denaturation -2 94°C 40 sec.
3- Annealing 52°C 40 sec. 35 cycle
4- Extension-1 72°C 40 sec.
5- Extension -2 72°C 7 min. 1 cycle

11
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(Agarose gel electrophoresis) JsJs¥! ada aladialy b gl Ja i1 -9-3

Y85 (1989) Sambrook J s Jis sl dilee Cy sal

@@ D508V B e a2 1.5 AN sk e % 1.5 Al G Y s lad
da u H9 )8Y) (pad b g Baue paadll (s )l TBE buffer Jstsall ¢ J<100
Jlea dan—ingy s @I JSEI W 55 SV J a5 Gl A 0 M a8 )) e
(385 3. Microwave

oaslall G w5 SHl3 4l Gliay Laany 5 (550-45) 2ie 2l adall o g
2l e lua a3 5 Red safe Nucleic acid staining dxiadl s 5 53l

i ol Jaal daradall gl Jead Tl iy canall i Jall S

Gl abiall 55 SV (e Cabaly Tadiall A1) o lade g 0 5l 438030 Baal & iy
Jeaxiusall Gl Al Aliae (Sl seSl dis 3l Slead 488Y) Baa Il (8 Lelala e 4a
BVEN

2l jis 8 a5 s PCR product oasd (pe dailll cilil) culed

(S s¥) sl 4 a5 s PCR product gt (bél DNA ladder (<100 Jasciad
TBE Buffer Jslas Jlaxinhy 5589 oM &y we Jreadll dlee JlaiS) any
8 7 by daa S Sles JondlS 6 a5 din i) ellae Ble 5 1X 5SS (5l
Ay dall e AV ilall ) Gpall ey s deluD-] Bad 2au)
Jaa il dlae eS|

UV laiiuly PCRY e stall sl (and Jn 3l 4L e o) aay

.51l 336 (>3« J sk transillumination

cislaall (DNA) 958l paakall A g il 20 g8l Jealeads Jlas -10-3

(e Axilil) el (PCR-amplified products) s sl (aeladl il 58 il

S5 (1ITS4,1TS1) Lalall 5 dela¥) (ool sl oo il Jualusiall 5 jalil) Jels

region ribosomal internal transcribed 4ikiel ALSl) dde Liaall 8 Jontins

dnsiall LS & Macrogene 48, () il asdds 8 gl spacer (ITS)
el dia o 5l 2o ) Judod aaal

5l 2aa 5 e 5 s ) Lall ( symmeetry ) el 5 1 50 5 i) culld

LAl G SAY 5 4Ll 48 el Chromas by Jleainls 4l jall a8 clilall
12
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—_— A4 Jaad) (3 ya g ) gall
2 gall ity LAl 4380 ) 6l 3l caaa s g Lalle Ala el LAY 5 duadliall -3

Cieliaall (5 55—l el & a1 (Nucleotide sequence) 4 s si—ll
&l Basic Local Alignment Search Tool (BLAST) gl e ailaiul g
bl S pall a8 sl

National s sall Ll il sbaall allall sl clil) 8 Guaddial) cililal) cilans -4
Baaiall @Y 4l 8 Center For Biotechnology Information (NCBI)

PCR <l &« 7 Jsaa

Material Volume

I-Taq DNA Polymerase 5U/ul
DNTPs 2.5mM
Reaction buffer (10X) 1X
Gel loading buffer 1X

ol cpal o il Jelaill e daida 8 Jgaa

Components ‘ Concentration
Taqg PCR PreMix 5ul
Forward primer 10 picomols/ul (1 pl)
Reverse primer 10 picomols/pl (1 pl)
DNA 1.5ul
Distill water 16.5 pul
Final volume 25ul
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— A Jaxd) 3 b g 3 gall
ilaa¥) Jidatl) 11-3

ais (Rohif, 2002)NTSY Sha—a¥ zdi ) db i e Chna il il clld

b b Gl gl Clag IS ol caead Sl 5 (Cluster analysis) asiiall Jaadll ol yal
s sill 1 43, by bp 1500-100 cor iasall o5l iy iasy) Jdasl
Al aa e Ao o ol ddadll adiels ¢ Al Clafi gl il Qa5 835 sl
.( Dendogram) ¢sastie JS& e g paall 5 dall o 3300 6l Aol 8l 3l e )1 A1)l
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A5 A el POCEINPY Tl —
Result and discussion 4&élial) y glill) -4-4

Molecular Diagnosis of plants il el gaddsl 1-4

il Al ) oda 8 deddival) il G (PCR) Jasliiall 5 jpalal) Joli geilis < jglal
a5 | TS Ashial coall dlatl il )5 ¢ A al) ilall Sleas pladinly Jia 5 2805260
4 JSE) 8 s ge LeS LA aead]

el 7 55650 by pd ansy Juduiall 5 el Jelis il 4 <G
(e A4 ZLal) oY) ddat) 2-4

M Al DNA 8 <l oIS sl cilagis (o &S 84 le 56l axiivadl) (ool il
376 Ailaiall g 5 il aae Sy Aiall 038 3997 L cilay Jila 4w Cilac]
5 IS 8 LS A a 387 & sane e 11 Alilaiall pe i 6lS gl aa e g4k s
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Query

Sbjct

Query

Sbijct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

A5 A el ddBlial) g gl

1

82

61

142

121

202

181

262

241

322

301

382

442

TTCAACTTCGGGGGTCGGCGGGCCTCCTGGCCCGGCGTCCCCTTCGTCCCGGGAGCCLGC
FEErrrrrrr e e e e e e e e e e e e e e e e e
TTCAACTTCGGGGGTCGGCGGGCCTCCTGGCCCGGCGTCCCCTTCGTCCCGGGAGCCCGC
TCCCGGGCGTACAAACTTACACCGGCGCGTGTTGCGCCAAGGAATCTGAACGAAAGAGCG
FEErrrrrrr e e e e e e e e e e e e e e e e e
TCCCGGGCGTACAAACTTACACCGGCGCGTGTTGCGCCAAGGAATCTGAACGAAAGAGCG
CGCTCCTGCCGCCCCGGAATCGGTGCGCGCGCGGGTGCGTCGTCGTCTTCGATAAGTCAA
FEEEEE PErrr e e e e e e rrrrrrrrrrerre
CGCTCCCGCCGCCCCGGAATCGGTGCGCGCGCGGGTGCGTCGTCGTCTTCGATAAGTCAA
AACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCG
FEEEEEEEEE e e e e e e

AACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCG

ATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGACCGCAAGTTGCGCC
FEEEEEEEr e e e e et e e e e e e e e e e et e e
ATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCC
CGAAGCCATCAGGTCGACGGCACGCCTGCCTGGGCGAARACAAACCGTTGeccccccGCCC
CEEEErrrrrer e v e e e et et b et e
CGAAGCCATCAGGCCGAGGGCACGCCTGCCTGGGCGTCACACGCCGTTGCCCCCCCGCGL
ATCCCTCGGGAACGTCGGGGGACGGAC 387

FEEEEEEErrr rrrrr et rrrnd

ATCCCTCGGGAGCGTCGGGGGGCGGAC 468

16

60

141

120

201

180

261

240

321

300

381

360

(o A Cilall ABLaial) & g Alilatall cilafi plS ouill i 5 JS&



A5 A el AEBLY) § ity
(L) i) ) 400N Lal) -3-4

4 5Allie onsi ol s 270 (an¥) Caivall Jiad S35 4300 DNA D) die <yl
6 JSE A i 5o LaS 9499 Cualy Jilal sy s Alileia je ladi gl g3

Query 1 GTTTCAACGTCGGGGGTCGGCGGGCCTCCTGGCCCGGCGTCCCCTTCGTCCCGGGAGCCC 60
FEEEEEEEEEr e e e e rrrrrrrrrreee
Sbjct 80 GTTTCAACGTCGGGGGTCGGCGGGCCTCCTGGCCCGGCGTCCCCTTCGTCCCGGGAGCCC 139
Query 61 GCTCCCGGGCGTACAAACTTACACCGGCGCGTGTTGCGCCAAGGAATCTGAACGAAAGAG 120
FEErrrrrrr e e e e e e e e e e e e e e e e e
Sbjct 140 GCTCCCGGGCGTACAAACTTACACCGGCGCGTGTTGCGCCAAGGAATCTGAACGAAAGAG 199
Query 121 CGCGCTCCTGCCGCCCCGGAAACGGTGCGCGCGCGGGTGCGTCGTCGTCTTCGATAAGTC 180
FEEEEEEEEE e e e e e e
Sbjct 200 CGCGCTCCTGCCGCCCCGGAAACGGTGCGCGCGCGGGTGCGTCGTCGTCTTCGATAAGTC 259
Query 181 AAAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAARATG 240
FEEEEEEEEEr e e e e e e e e e e e e e e e e e e e e e e e e e el
Sbjct 260 AAAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG 319
Query 241 CGATAATTGGAGTGAATTGCAAAATCCCATGAAC 274

Sbjct 320 CGATACTTGGTGTGAATTGCAGAATCCCGTGAAC 353

o) il Caial ABLaiall e 5 ABLaiall Ay g 3l 2ol @) a6 JSS
(oY) Ciaal) ) 4G dial) 4-4

e (LS 3 %94 A Jhladll A cilia 5 et V) Caiall JAad Sl g AN Al
e o5 6lS g0 14 ABlatall jpae oy galS guill ane B30y 6alS 53 251 (ASI lags gl gl
7 Sl LS 237 Allaial clag 5iIS gl

Query 1 TTTCAACTTCGGGGGTCGGCGGGCCTCCTGGCCCGGCGTCCCCTTCGTCCCGGGAGCCCG 60
CErrrrrrrrr et et e e e e e e e e e e e e e
Sbjct 81 TTTCAACTTCGGGGGTCGGCGGGCCTCCTGGCCCGGCGTCCCCTTCGTCCCGGGAGCCCG 140
Query 61 CTCCCGGGCGTACAAACTTACACCGGCGCGTGTTGCGCCAAGGAATCTGAACGAAAGAGC 120
FErrrrrrrrr e e e e e e e e e e e e e e e e
Sbjct 141 CTCCCGGGCGTACAAACTTACACCGGCGCGTGTTGCGCCAAGGAATCTGAACGAAAGAGC 200
Query 121 GCGCTCCCGCCGCCCCGGAATCGGTGCGCGCGCGGGTGCGTCGTCGTCTTCGATAAGTCA 180
FErrrrrrrr e e e e e e e e e e e e e e e e e e

Sbjct 201 GCGCTCCCGCCGCCCCGGAATCGGTGCGCGCGCGGGTGCGTCGTCGTCTTCGATAAGTCA 260
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A5 A el LGB g ilill)

Query 181 AAACAACTCTCGGCAACGGATATCTCAGCTCAAGCTTCGATAATGAATGTTTCGACAAGC 240

T e e I R I e e O A O R U R R R
Sbjct 261 AAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGC 320
Query 241 GAAAATTGGTG 251

Sbjct 321 GATACTTGGTG 331

et ) Canall B e 5 ALaiall a5 il se ] gl o 7 JSAN

cilial) e 45 jlRally da g jaal) cilisall o) s sivaal) o A0l il il - 5.4
Alaccal) Lallady

s Malus domestica () <ll) Js¥) caiall | a8 ) 4l 51 9 J 2ol a3y
&5 ol i el o g siad all bl 8 PQ334650 Jedull cilea
& 5 il 3365 (46354535424 5395 5 280) a—3sall . Transition
Gl A iS5 (4405423 5419 5418 53995368 ) &8l sl & Transversion
Axallall MH633850.1 4kl s %97

@ PQ334643.1 Juslull culea Al s (paniVl) (SU Ciiall D a8 45 sl L

M55 348 5 341 &8l sall & Transition oo OB S ad 4 e (g giad CilSs Juall Sl

Aall a0 %99 Uil dps il S 53305 325 &8l sl & Transversion g sl (=
Awnllall MH633852.1

il i) 3 PQ334622.1 Julucll s 1 ((aa) Y1) Cllil) Ciaall 3 iall

30853025287 5265 &l sall ATransition g 55 (e duseds st 14 L e g 5iad

3165311530452965293 5292 &8 5ll & Transversion g st 0— Sl 53125
Axallall MH633850.1 4l 20 9094 (alaill dpsi il <5325 532353185
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mu.db Culld\ —_—

AN A gial) Al g Lgadl ga g AliLaiall & i 5208 gail) (i 9 Jgand)

Malus domestica

No. Type of Locati | Nucleoti Sequence Source Identit
substitution on de 1D with ies
compare
1 Transition 208 T\C MH633850. Malus domestica isolate (97%)
Transversion 368 C\A 1 Farnese clone 3 small subunit
Transition 395 T\C ribosomal RNA gene, partial
Transversion 399 C\G sequence; internal transcribed
Transversion 218 AT spacer 1, 5.8S ribosomal RNA
Transversion 219 A\C gene, and internal transcribed
_ spacer 2, complete sequence;
Transversion | 423 A\C and large subunit ribosomal
Transition 424 A\G RNA gene, partial sequence
Transversion 440 C\G
Transition 453 A\G
Transition 463 A\G
2 Transversion 325 A\C MH633852. Malus domestica isolate (99%)
Transversion 330 A\T 1 Farnese clone 4 small subunit
Transition 341 A\G ribosomal RNA gene, partial
Transition 348 A\G sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA
gene, and internal transcribed
spacer 2, complete sequence;
and large subunit ribosomal
RNA gene, partial sequence
3 Transition 265 A\G MH633850. Malus domestica isolate (94%)
Transition 287 A\G 1 Pedreschi clone 1 small
Transversion 292 A\T subunit ribosomal RNA gene,
Transversion 203 A\C partial sequence; internal
Transversion 206 TA tl_’anscribed spacer 1, 5.8S
Transition 302 NG ribosomal RNA gene, and
- internal transcribed spacer 2,
Transversion 304 TA complete sequence; and large
Transition 308 nc subunit ribosomal RNA gene,
Transversion 311 TA partial sequence
Transition 312 T\C
Transversion 316 C\A
Transversion 318 A\T
Transversion 323 A\T
Transversion 325 A\C
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A At A8 gl
Aol B il y Ay gaad) il glaall Jalat g Al 9 iuil) a0 981 Jaudesd 3yaa3 6-4
Phylogeny

sadall 2 3a1 ( Nucleotide sequence ) At s i) ael sill Jul s of gl ey

bl e Ll jlia 2e Mega/6 and N.S.B.I gl p aladiulyy caeliadl (55543l
ALl | ady diall el s NCBI deibial Gt e slaal ik s 1) S 5all 8558 55l
st s (n S Asallad) 5l s distaall al lill 8 s aall y deadiiall () o
JJ.H\ @L@.\s.ﬂ_lsm (U.A:u\ﬁ\ Cuﬂ\) ‘;1\_15\ M‘\:\J\J}l\ E);nﬁ\ d.\laﬂ u;\’_tj <9696
| et s Baial) ASLaall pa 5 9697 Auasts Bantall ASLaall s Wl 1 posy s (g JS) dsalal
ku(ﬁ\}y‘cuﬂ\) JN\MM‘JJ\EM\@PJ\}¢%96M
saaiall ASLeall pa s %97 Ay saraiall ASLaall 5 Ll 5 |y sun ¢ya 0 Aaallal) 5 )

(10 J533) %696 Formsis | sy sus

amnail il Sl 8 Al waal) 3 allad) g A5 paal) A dadll oy dall o)) 8 IS

Gl (i ) e g (Al (Al L giase o addadl 5 1] Jsaa gl o dlaie VL
Ll s 2as¥) o ga 5 aliivne de gana Jia Cun (1Al J5Y) BaD SN Y1 de pandll
a5 (5 A At Ao sanall 8 5kl Ak Chmani Cpa B s AY) Skl US e
EAN Al il letaay 5 da 433 W) caled Gy 515 (e sane () el
o) il Ay il Cant el O ) Caanl 38 3N 4 ) Ao ganall Wl ¢ (el YY)
il s allall o dall adanad o y8Y) 5 5 (CanVT) (SUD Al 51l Leia 55k
a5 Lgd S AN 8 jall 5kl g el (o sl Jle cliDa llia () i da L)

ad A yall a8 00N 5y dall o) alladl uadl e sheall el W il e sleall caiyg
Gl s sia Ao (NCBI) dslall Gl cila glaall ik gl 58 el ialdl @il A& Jas
oLl A (e La (335 (81 padl (A& Qi J5IS 0 puiall 3ol g Canlall auly Lediansi o3 1)
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Apallad) 5l aon ol ) a8 Al 5l o (5190 Ahill Ay sial) Aeal) s 10 J 322

MUAS\J Culi.d\ —

ACCESSION 1D Country Source Compatibility
1 PQ334650. iraql
Malus domestica
2 HQ836638.1_ switzerland 97%
Malus x domestica
3 AF186482.1_ UK 96%
Malus domestica Malus x
4 HQ836651.1_ switzerland domestica 96%
Malus x domestica
) M H633846.1 Malus Italy 97%
domestica
.6 AF186484.1 Malus UK
domestica 97%
PQ334643.1 Malus
2 domestica irag?2 Iraq2
.8 HQ836638.1_ switzerland 97%
Malus x domestica
9 AF186482.1 UK
. 96%
Malus domestica Malus x
.10 HQ836651.1 switzerland domestica
. 96%
Malus x domestica
A1 MH633846.1 Malus Italy 97%
domestica
A2 AF186484.1_ Malus UK 97%
domestica
13 irag3
PQ334622.1 Malus
domestica irag3
.14 HQ836638.1_ switzerland 97%
Malus x domestica
15 AF186482.1 UK .
Malus domestica Malus x 96%
.16 HQ836651.1 switzerland domestica
. 96%
Malus x domestica
17 MH633846.1 Malus Italy 97%
domestica
18 AF186484.1 Malus UK
domestica 97%
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A5 A el LGB g ilill)

S HQ836638.1 Malus x domestica
0.0114
0.0001 . .
0.0001 L PQ334643.1 Malus domestica irag2
0.0087 oot AF186482.1 Malus domestica
o000 AF186484 1 Malus domestica
0.0134
S HQ836651.1 Malus x domestica
0.0037
O PQ334622.1 Malus domestica iraq3
0.0001
o000 MHB33846.1 Malus domestica
PQ334650 .1 Malus domestica irag1

S AY) Lrallad cLL) aa ddaal) CiLLaBY AT gll ) ghaill 3 0l 8 JS

G AY) Luallal) el aa Adaal) Ciliadd Al oll  shail) rrida g 11 Jgo

File  Display  Average  Caption  Help

Rkl 1 B

1 2 3 4 5 [ 7 ]
1. HQ836638.1 Malus x domestica
2. AF186482.1 Malus domestica 0.0304347826
3. HO36651.1 Malus x domestica 00216450216 0.0238095236
4, MHE33846.1 Malus domestica 002717391300 00195121951 0.0060975610
5. AF186484.1 Malus domestica 00174672489 001200000000  0.0095693780  0.0049019608

6.P0334050.1 Malus domesticairaql | 00672260908 0.0414746544  0.06147540%6  0.00000000000 00277777774
7.PQ334643.1 Malus domesticairag? | 0.0041841004)  0.0137614679 00246913580 0.0174418605 00046062949 0.0680000000
8.PQ334622.1 Malus domesticairaqd | 0.0126582278  0.0231481481 00061632653  0.0056823529 00093023256 0.0600000000  0.0160642570
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Abstract

This study was conducted on four-year-old apple trees belonging to three
local varieties: Sharabi, Al-Abyad (Al-Kagdi), and Al-lbrahim, Through
two experiments The first experiment was molecular, and the second was
field. The first experiment aimed to determine the genetic variation at the
molecular level of the three varieties and to establish their genetic
fingerprint using DNA sequencing technology. Samples were taken from
the recent growth of the leaves of each variety studied, and DNA extraction
and analysis were performed. The DNA was amplified in the DNA
laboratory in Baghdad, and the results of the molecular characterization
were analyzed using the NTSY statistical program. The results showed the
following:

e The use of DNA sequencing technology was effective in detecting
genetic diversity and establishing the genetic fingerprint of apple
varieties.

e The varieties studied differ in their genetic composition, with the
Sharabi and Ibrahim varieties being genetically closer to each other and
further from the white variety, which was genetically closer to most of
the registered international varieties.

e The study showed that the local varieties under study were not
registered in the global gene bank, so the local varieties under study
were registered in the gene bank of the National Center for
Biotechnology Information (NCBI) and carried the sequences
PQ334650 for the Sharabi variety and PQ334643 for the white variety
and sequence PQ334622.1 for the Ibrahim variety, as the first
registration in Iraq.

The second experiment was field-based and conducted in one of the private
orchards in the Al-Hadid region / Diyala Governorate during the 2023 —
2024 growing seasons. It aimed to study the effect of spraying with
Paclobutrazol at concentrations of 0, 250, and 500 mg L™ and spraying
with Tryptophan at concentrations of 0, 25, and 50 mg L™ on the growth
and yield of the three varieties. The experiment included 27 treatments and
three replicates, and each tree was counted as an experimental unit,
bringing the total number of trees to 81. A nested design was used, and the
results were analyzed using the Genstat statistical program. The means



B-

were compared using the least significant difference (LSD) test at a
probability level of 0.05. The results showed the following:

e The Sharabi variety was significantly superior in mean internode
length of newly shoots for both seasons, the average fruit size for the
second season, the average fruit diameter for the first season, the
total soluble solids for both seasons, the percentage of total sugars
for the second season, and the ratio of total soluble solids to total
acidity for the second season.

e The white variety (Kagdi) was distinguished by giving the highest
average number of flowers per branch and number of fruits set,
reaching full maturity in the shortest time, number of fruits per tree,
and juice content of ascorbic acid, total phenols, and total
carbohydrates for both seasons, respectively

e The Ibrahim variety was significantly superior in terms of fruit
firmness for both seasons, fruit shape, and the percentage of
marketable yield in the second season.

e The superiority of the Sharabi and Ibrahimi varieties significantly,
the average number of leaves per fruit for both seasons, the average
length of new shoots for the second season, leaf chlorophyll content,
average fruit weight for both seasons Average fruit size for the first
season, average fruit diameter and length for the second season, fruit
shape for the first season, marketable yield per tree for the second
season, and low fruit worm infestation for both seasons.

e Spraying apple trees with paclobutrazol at a concentration of 500
mg L ! resulted in a significant increase in the average diameter of
new shoots and carbohydrate content, average number of flowers per
plant, number of set fruits, percentage of set, average fruit weight,
number of fruits per tree, low fruit percentage, average fruit size,
average fruit diameter and length, and yield per tree marketable
yield, fruit worm infestation, percentage of marketable yield, total
soluble solids (TSS), percentage of total sugars, percentage
neutralizable acidity, juice content of total phenolics, fruit



carbohydrate content, and fruit dry matter percentage in the two
seasons of the study.

e The reason for spraying tryptophan at a concentration of 50 mg.
L* Significant increase in average leaf area per leaf, average number
of leaves per branch and total leaf area per plant The average length
and diameter of modern branches, the chlorophyll and proline
content of the leaves, and the length of the phalanges For young
branches, leaf IAA content, number of set fruits, percentage of set,
average fruit weight and number of fruits per tree.and decrease The
percentage of fallen fruits, fruit weight, average fruit diameter and
length, and yield per tree marketable yield, low fruit hardness, low
percentage of fruit worm infestation, percentage of marketable yield
and percentage of marketable yield marketable yield, total solid
solids (TSS), total sugars, and low neutralizable acidity The juice
contains ascorbic acid, total phenolics,. Total soluble solids/ total
acidity, carbohydrate content and dry matter content of the fruits in
both seasons.
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