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Development of Insertion or Deletion Markers to
Distinguish Korean Jujube Cultivars
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ABSTRACT
Received: 2021 March 24 Background: Jujube (Ziziphus jujuba Mill.) friuts are rich in nutrients and an economically and
Ist Revised: 2021 May 18 ecologically important medicinal plant in Korea. However, as it is difficult to distinguish jujube
2nd Revised: 2021 July 8 cultivars using morphological characters, the development of molecular markers is necessary to

3rd Revised: 2021 August 2

Accepted: 2021 August 2 protect and distinguish Korean jujube cultivars.

Methods and Results: Next-generation sequencing analysis was performed on six major Korean
This is an open access article ~ cultivars; Bokjo, Boeun, Chuseok, Mudeung, Geumseong, and Wolchul. Sites with an insertion or
distributed under the terms of the ~ deletion (InDel) were identified by comparison from the sequence information of the six Korean
Creative Commons Attribution  cultivars using the CLC Genomics Workbench. Among the identified InDels, we developed Zj-
Non-Commercial License (http://  InDel-1 and Zj-InDel-2 markers, which could distinguish Bokjo, Chuseok, and Boeun from the
creativecommons.org/licenses/  other Korean cultivars.

by-nc/3.0)) which permits unrestricted o eusions: The InDel markers developed in this study could be used for classification of domes-

non-commercial use, distribution, L .. . . .
oo . tic jujube cultivars and protection of the elite ones.
and reproduction in any medium,

p'rtovciided the original work is properly ko), Words: Ziziphus jujuba, Cultivar, Insertion or Deletion, Molecular Marker, Next-generation
Cited. :
Sequencing

M A ol 28 e okgog 20|37 Y} (Park and Kim,
2016; Bang et al, 2020). ti5 Guioll= 484 93 ZF,
NS (Ziziphus jujuba Milly= ZviuHi-a tiFuieoll < A, Z F Wk e wu[Ho] 2] glom HEW]

sk A B ofdu] ¥ I dx Ao F B¥sT A C, Eohl, guEE] Fo] FHsl] JYIHoRE
2 UEAY 7150 2 2 Ax AN wHEn stk (Li e al, 2007; Gao er al., 2013). 2] F&AE
(Evreinoff, 1964; Liu and Cheng, 1994). © 2+ glycosides, alkaloids, triterpenoids, cyclic adenosine

& dus AaFo|y e Fdo] U= dzllo= monophosphate (cAMP), cyclic guanosine monophosphate
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s &5

(cGMP) ¥ saponins 5°] YA JTh (Yagi et al,
Cyong and Hanabusa, 1980; Okamura et al, 1981;

1978;
Yagi

et al., 1981; Cyong and Takahashi, 1982; Han and Park,
1987).

0o 502 s WY7ls, I, A, ddd=r]er 2
2 e oigk A7F B qlon B3 lySlcamlneJqL
nornuciferine A& A a3y e Aoz LHA ¢
(Yagi et al., 1981; Han and Park, 1987; Na et dl, 1996,

Rhee et al., 1998; Zhao et al., 2008).

Zt o}/\]o]-oﬂ/q o]7] 9= y,].z,:i)yﬂ ﬁ;]]x% /nggﬁsmo
2 88 A M F¥, TF, A= 22 oE AYel
ANz Ael 2 =871 718 Yk (Qu and Wang, 1993;
Outlaw et al., 2002; Zhao et al., 2014). International Union
for the Protection of New Varieties of Plants (UPOV)=
S357H HEls Bk F50 AH ArkE B 9
3l Al Foll tigk AAAQL #2E sk ATk (Choi,
2002).

meh ) B35S BEs B HEeM g
7] gIal FujelA] A, FEHE tiFe) EEL TR %
gatA mtetd "ottt (Nam ef al., 2013).

HAd F2= AREE JEjdhy B4 wE FF TS W
= oA, W §AA, 71 Ee W e gl gk #
oFdS xSl B AL Ao, FH next-generatlon
sequencing (NGS) 7]&9] Wz A& {4 JRE 5
Sk Zlo] golaliel wet EAnAE o83 EF7t 7hsEl
nom FAle 42 WHelg Hrlslal T B F1He
4 IAE Wele T8 E79o] d5=H3At (Smith and
Smith, 1992; Chakravarthi and Naravaneni, 2006, Wang et
al., 2014; Park et al., 2017b). ¥AA= o] 7L 2
+ DNAS| 7MY AEE 7|¥te g @74 Fe] zlo]E o]
g3le] = 3o ATk nly BEAsks WHo s =o thaA
S 7KL slen FeEEoR AEE AL, e R &
= AE] §4A dA 22A st A
A Blg o2 Fe A7kl E4o] 7hs ofuzl A4
dol = vehbe Aol Fu (Park er al, 2017a)

A7 5ol et 22 A=sh AryF BA edgtew
T2 v AlE"o] AAA R SHEA FUTE Ma e
al, 2011; Liu et al, 2014) HEe T2 dgHYe ske
EAS 7HIAL lofx] F5 7F Aozt Aom il o] i
5 2 AU F8 *@** F5o THPlddE oEge] UL
a|Astr] Qe W] F3 B&H EAA S
ko] dgait. ol tigh ExpuiA] el gk de
A&H o7 o] gom MPALE o] tiF FHAI
o] FA4 tFdS H71sh7] 18 amplified fragment length
polymorphism (AFLP) P}AS}t &= tiF £5 7] #34
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HAE 243171 918 random amplified polymorphic DNA
(RAPD) mpA 8] sike] o] ot Sk TS F5 W
< 9% inter simple sequence repeat (ISSR) PCR A|Z=H]o]
T=E vk AL, i FAA A 2 AE §F ATE S
simple sequence repeat (SSR) ¥4} WIAZ M= 9l
(Liu and Zhao, 2002; Qi ef al., 2008; Shahhoseini er dl.,
2012; Wang et al., 2014).
A4 (insertion or deletion, InDel) W} +=
DNA f7IMEES A= Bluste] 449 e A4d=E 3k 4
714E Atole] AfolE HoiF= wiro|th. InDel vl = th
P, 3978 v, E&A HIE F 2 A o= de
o] €% 3 Ut} (Chen et al, 2021). InDel PIAE thekst 2t
EollA o] &=L glom 9 Jie] B =W AFA el
skl InDel vFA] 7ML, 116 719 InDel PIAE o] &3t
Qole] A 4| Brasica rapalA S InDele] 2 o
639 7H] InDel "171¢] B4 s 5o A7 AB=HA
(Hayashi et al, 2006, Li et al., 2013; Liu et al., 2013;
Chen et al, 2021). < SSR v}AE o] &3l 24 719
FE Y 744 AAE A6l
&3te] Z jujuba®t Z. acidojujuba 7¥

} o] 1:1:1—
Cal

Ziziphus mauritiana Lam.
o, ISSR vAE ©]

o] §44 BAE FYsk= A77F A=A} (Chiou et al,
2020; Li et al., 2021). 22} Thgst APAFo = E-alar
oAl B2 o] tF FHS THsPdE s ¥
AI;H o]q.

U tF F5L FES7] 98 InDel viFol] #8 A=
ol HaEA] errom E AoMes A 52 L 7+
A FEE17] 913 InDel PAS JREsazl &0t

NGSE 53l 5= (Bokjo), 22 (Boeun), 4] (Chuseok)
7% (Mudeung), &4 (Geumseong), €% (Wolchul) 5
7He) thE FFol thek DNA FRE 353}o] InDel u}ﬂe
N8I3 PCR 2 genotypingS X8I tiF 5 7+ o
FAL AT InDel PHAE ARl Ex £35S 23
g Sl 8 FEES ET Ao, e
7IMEE st AR tE A d7IMEES
Wtk /g InDel RAS 7|uko @ Bzl 78 )
05 F52 FEFOEN U tiF Al 79T 5
Zlolel 7]thgict.
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1. MZ52E Y genomic DNA F&
F 60 70e] T FFol thste] o]dAdE FHslen &
AEE FA71EY (36°34'38.7'N, 127°44'52.9"E)llA 42 71,

R

=Y HEEAAE  (36°87'70.1"N, 127°97'35. 9"E)°ﬂ/~1 16
N, B3 o5 57125 E GEAA 42 £ dF
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2K 2 7HE ST (Table 1), AE F8-S @oly 3
Z Jat gle A7 Ao AFEAL e 2 70T
9] AL WEae] Hatsisl

03] - s - oj= - 0po|

Plant Mini Kit (Qiagen GmbH, Hilden, Germany)Z AM&-3}
o FE31921 PCR 248 ¢DNAT cetyltrimethylammo-
nium bromide (CTAB) W'H< ARSsled FZ31h (Doyle

NGS £4-8 23+ genomic DNA (©]3} gDNA)= DNeasy

Table 1. List of 60 jujube samples used in this study.

and Doyle, 1990). %3 DNA+ DeNovix® DS-11+ spec-

No Variety Collection place IT number Origin
1 6-Wolseonjo Chungcheongbuk-do Agricultural Research and Extension Services 317245 China
2 Boeun Chungcheongbuk-do Agricultural Research and Extension Services 317265 Korea
3 Bokjo Chungcheongbuk-do Agricultural Research and Extension Services 233616 Korea
4 Bolohojo Chungcheongbuk-do Agricultural Research and Extension Services 317222 China
5 Bongsanchwijo National Forest Seed and Variety Center 10449 -

6 Chainabeulaun Chungcheongbuk-do Agricultural Research and Extension Services 317230 Japan
7 Chajeonjo Chungcheongbuk-do Agricultural Research and Extension Services 317220 China
8 Cheomhwadongjo National Forest Seed and Variety Center 10436 -

9 Cheonsang Chungcheongbuk-do Agricultural Research and Extension Services 317182 Korea

10 Chunhyang-17-ho Chungcheongbuk-do Agricultural Research and Extension Services 317214 Korea
11 Chuseok Chungcheongbuk-do Agricultural Research and Extension Services 233622 Korea
12 Chwijowang National Forest Seed and Variety Center 10414 -

13 Daebaegjo National Forest Seed and Variety Center 10428 -

14 Daelibjong National Forest Seed and Variety Center 10381 -

15 Daeseoljo National Forest Seed and Variety Center 10440 -

16 Dongjo Chungcheongbuk-do Agricultural Research and Extension Services 317224 China
17 Geumchang-1-ho Chungcheongbuk-do Agricultural Research and Extension Services 317248 China
18 Geumsa Chungcheongbuk-do Agricultural Research and Extension Services 317239 China
19 Geumsa-1-ho National Forest Seed and Variety Center 10468 -

20 Geumseong Chungcheongbuk-do Agricultural Research and Extension Services 233612 Korea
21 Hodaechu Chungcheongbuk-do Agricultural Research and Extension Services 233623 China
22 Hongan Chungcheongbuk-do Agricultural Research and Extension Services - Korea
23 Hongjo National Forest Seed and Variety Center 10396 -

24 Hwajeondaechu National Forest Seed and Variety Center 10367 -

25 Hwajeonogjo National Forest Seed and Variety Center 10392 -

26 lbu Chungcheongbuk-do Agricultural Research and Extension Services 317241 China
27 llbon Chungcheongbuk-do Agricultural Research and Extension Services 317242 Japan
28 Jd-12 Chungcheongbuk-do Agricultural Research and Extension Services 317166 Korea
29 Je-1 Chungcheongbuk-do Agricultural Research and Extension Services - Korea
30 Jenamgodaesiljo National Forest Seed and Variety Center 10408 -

31 Jg-10 Chungcheongbuk-do Agricultural Research and Extension Services - Korea
32 Jh-9 Chungcheongbuk-do Agricultural Research and Extension Services - Korea
33 Jj-1 Chungcheongbuk-do Agricultural Research and Extension Services - Korea
34 Jk-4 Chungcheongbuk-do Agricultural Research and Extension Services - Korea
35 Jochwiwangjo Chungcheongbuk-do Agricultural Research and Extension Services 317232 China
36 Jungdaelibjong National Forest Seed and Variety Center 10373 -

37 Kukwang Chungcheongbuk-do Agricultural Research and Extension Services 317260 China
38 Lyeongjo Chungcheongbuk-do Agricultural Research and Extension Services 317237 China
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Table 1. List of 60 jujube samples used in this study.

No Variety Collection place IT number Origin
39 Mabanjo Chungcheongbuk-do Agricultural Research and Extension Services 317223 China
40 Maechu Chungcheongbuk-do Agricultural Research and Extension Services 317228 China
41 Mijo National Forest Seed and Variety Center 10386 -

42 Mudeung Chungcheongbuk-do Agricultural Research and Extension Services 233614 Korea
43 Muhaeghongjo Chungcheongbuk-do Agricultural Research and Extension Services 317247 China
44 Sandongbokjo Chungcheongbuk-do Agricultural Research and Extension Services 317263 China
45 Sangwang Chungcheongbuk-do Agricultural Research and Extension Services 317261 China
46 Sanjo National Forest Seed and Variety Center 10498 -

47 Senteomi Chungcheongbuk-do Agricultural Research and Extension Services 317235 USA
48 Seoljo Chungcheongbuk-do Agricultural Research and Extension Services 317227 China
49 Taesangwang Chungcheongbuk-do Agricultural Research and Extension Services 317225 China
50 Tibetdaegwajong National Forest Seed and Variety Center 10361 -

51 Tibetwang Chungcheongbuk-do Agricultural Research and Extension Services 317262 China
52 Uiseong-C Chungcheongbuk-do Agricultural Research and Extension Services 317234 China
53 Wangdaechu Chungcheongbuk-do Agricultural Research and Extension Services 317226 China
54 Wolchul Chungcheongbuk-do Agricultural Research and Extension Services - Korea
55 Wolgwang Chungcheongbuk-do Agricultural Research and Extension Services 317246 China
56 Wolgwangjo National Forest Seed and Variety Center 10401 -

57 Wollyeong Chungcheongbuk-do Agricultural Research and Extension Services 317240 China
58 Yangnaejo Chungcheongbuk-do Agricultural Research and Extension Services 317221 China
59 Market-1 Boeun-gun - -

60 Market-2 Boeun-gun - -

trophotometer (DeNovix Inc., Wilmington, DE, USA)E A} 3. Zzjo|o] A=t

435} =43} polymerase chain reaction (PCR)° A}&-&
FTEE A

o 1-=

DNA

2. XM SDIME 24

Ze}ol

ST

+ CLC Main Workbench (ver. 8, Qiagen,
Aarhus, Denmark)E ARE-3to] A5 9™ InDel F-915 £
Y YUY Tefolnis Y Lol 42 Tixel

U tF EFF 6 Fol tId NGS £49% Illumina HiSeq
2500 platform (Illumina, San Diego, CA, USA)2] 151bp
paired-end sequencingS AF-83+ MacrogenAl (Seoul,
Korea)ell ©]|ate] 48313t

E2 (Bokjo), 22 (Boeun), 54 (Chuseok), ¥5 (Mu-
deung), ¥4 (Geumseong), ¥Z (Wolchul) 5 6 7l¢] o5
FZ ol dl$ NGS datax= National Agricultural Biotech-
nology Information Center (NABIC) Sequence Read Archive
(BioProject ID: NN-7295, NN-7296, NN-7297, NN-7298,
NN-7299, NN-7300)°] 55363, InDel 77+ B2-& CLC
Genomics Workbench (ver. 11.0, Qiagen, Aarhus, Denmark)
< o]&3lArk NGS +4 232 UL read5S trimming
HHE T3 AL E2E =2 F assembly S T3}
o] contigg ZI3FATE ZF 6 T FF9] contige S FTH
W &t InDelo] eldEe 7 SIS
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zgtold tizlele] wiylf WE Zeholw ZolE 18 bp -
28bp, G+C T3S 0.4-0.6, annealing 2= 48C -587C,
Zglolw 4 Abole] annealing <% zto] 5T o|sl, FZ AF
E 7] 500 bp ©|3= &kt

4. PCR (polymerase chain reaction)

PCRS T100™ Thermal Cycler (Bio-Rad Laboratories Inc.,
Hercules, CA, USA)E ©]4-3}% 3 PCR ®¥H2-& 10 ng/dl
T2 gDNA 24, Taq mix (0.25U/¢l Taq DNA poly-
merase, 2 xPCR buffer, 0.4 mM dNTPs, 3.2 mM MgCl,
0.02% bromophenol blue) 10 (£, FH3F ZefolH (5 pM)
2, eF Ztolw (5 uM) 2 U, 3 X SRS 4 U 2
% 8% 20 1 ©2 PCR $%L S35

PCR Z7A-& 95T A pre-denaturation 3 &, 95C ol A]
denaturation 30 %, 51ColA annealing 30 %, 72CofA]



Z2nm - 23S - 00jM - e - HiAel - ZIRIS - Enkhtsetseg Yeruult - @514 - 0/Z8] - ZiSk - 0|22 - 0[0]
extension 1 #O0 2 & 35 3] wrEElon, 72CoA final A 1}

extension 10 -2 A&, PCR AHE-E -20C9] WEid)

T=
B339l
5. ZD|AHS Y fragment analysis
EAE AR 71D 2719 Abel7t 10 bp o] de
2 2 AT A79sE olgste] tdds dFSIL 10

bp ©l8ke] Z& Alo]|=Z ZH9ol= fragment analyzerZ 29
skt

A7l AHEE gel> 3% oPIEAE THEQICW EtBr
(ethidium bromide)& AFE-3F] DNAE HA3IATE Gel |1
x TAE &d] Y3 PCR products HF3ajom =9
A715 vw3d7] 9ke] 1 kb ladder plus (Dongshengbio
Company Ltd., Guangdong, China)s $ EF3Id. A7)
BEE 120 Vel 30 & B9t F3BIAL Gel Doc™ XR+
System (Bio-Rad Inc., Hercules, CA, USAYS AR&3le] Hl
=2 AAsterlt

A71gsoz o] o] 2k Alo]ze] tYAS
371 9alA = DNA Fragment Analyzer” Automated CE
System (Advanced Analytical Technologies, Ames, IA,
USAYE A&-3F59 T Fragment F4{9ll= PCR product, TE
buffer, 930 dsDNA Inlet buffer, dSDNA 905 gel, capillary
conditioning soln, intercalating dye, 35-400 bp DNA

B A3
LS |

ladder, 1 bp lower and 500 bp upper markers’} A&
= At
6. T-vector 222 % sequencing

Z29< 98] AAE PCR products TOPcloner™ TA
Kit (Enzynomics, Daejeon, Korea)S A}-&3}a] pTOP TA
V2 vector® ligation W& sttt Ligation AHES
Escherichia coli DH50, competent cells?l] &% A7l &
ampicillin -+ (50 pzg/ml) LB 34| wiR]ol] =2aiict. d4
1 F2YZ ampicillin T (50 zg/ml) LB A= wjx]o]
3 & SEY ¢ IHu S § Biomedic® Plasmid
DNA Miniprep Kit (Medico Co., Ltd., Ansan, Korea)& A}
83t plasmid DNAS A8t BAgH plasmid DNAS]
A7 wE9] Zalo]w (MI3-F, MI3-R)E AMS-81]

s,

H71M4E #A2 Big Dye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA,

USAYE AREste 9714 248 PCR RE-S 33 &,
ABI 3730 DNA Analyzer (Applied Biosystems,
City, CA, USA)E °ol-&alo] d7IMES ARt d71M<E
A7 ZAI+= Lasergene SeqgMan (ver. 7.0.0, DNASTAR,
Madison, WI, USA) ZZ1318- o]-835}o] 2|51

Foster
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1. NGS 242 Sst sl tiF 22 InDel 0B W

CLC Genomics Workbench®} CLC Main Workbench&
o]g&3lo] NGS Ho[E|27E 4 FFEZ ZHE contigs
H]w3te] InDel locuss B3R (Fig. 1), 319 locus
SES7] S A Zetomel A Zjo|HE 747t
TIRRISIATE (Table 2).

In silicoolX 273 InDel locus’} 24 A A3}l U=
A et HARlE Zetolmy HHow A-seke=A] o
?18k7] €18 PCR #41& a8l 17195 fragment
analyzers ©|&ste] thddS AsIdoh 2 A3 F 79
IZetolm] AEVL B JFHOR
4, A FELENH Bx, B, F
InDel-1 "¢} -5, 54, 9=,

A, Be FFS FESE Zj-InDel-2
= ATk

o
=
=
=

ol
il

=
s
4

=

L

ﬂ‘

= I

W Zj-InDel-1 "1} Zj-InDel-2 #}AS o]&3le] 58
MY F53 BadolM 1S 2 /9 UFAYS ddeE

genotypings AAIEIATt A7195S At @S 4
3l fragment analyzerg ©]83}d 10 bp ©|3ke] 22
71:Ee] ztolE AT

A719% B4 A3} Zj-InDel-1 v s A4, Az,
4, TUFE, AWSE, o1F, Jd-12, Jh-9, HZ, viF, 5,
Az, 9A-C, 9%, 4% o] 444 bp A1) MEE A

S, 69MZR, e, Bx, HE2EF Bz, Aojuda}
RNy
Z, 315, 2Ah 9AHE, B9k 2, SR, A8, Je-l,

Az, Jg-10, Jj-1, Jk4, 2FHL=, THEE, =4, vt

FadzE,

Wbz, v|F, Bl cbsEx, ek, Al B3, Bl
T, gule, s, 93, 99, iR FES 341 bp
Z7)9) =2 AT 3 Market-1, Market-2&= 545
bp Z71¢] WI=E Ao 2, Ak F52 349 bp 2
71¢] =g 9735t Zj-InDel-1 »FANA Z 4 7io] F2k
FS YET (Fig. 2-A).

Zj-InDel-2 AN = B2, xS, sPAtF, o|F, Jk4,
Bz, v, bz, 93 F5o] 188 bp 271 M=E FAs
AL Bz, Bz, Az, 24, TUF, &9, 1d-12, Je-
10, 2F Y=, vkx, 75, Ax, gildas, 948-C, 9%,

Market-1, Market-2 &%0] 222 bp Z7]2] =S A3l
o Heox zolufHele, Hslsx, TFI7E, F4, uid
Z, UgE, iz, 52, FA4L FAHE, 2%, HASZ, Je-

1, AAGZREZ, Th, Jji-1, SHEE, =3, v|Z, FIdTx,
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%

! %I lll===‘= IlIIIIIGI BITcHENEEG Gilllll-l BIETTTETON Illlllllll HCHGEEGHGH lm-GGII TRTECRABGG GIIIII_I FRIETETATEN -I= .===G

TEET
T3
TR

T

AETEI LLbhd
ATAATAAAAA AAAAAAACTT TTTTTTTIZA R

LTI VA ] (T e . NN
MAAAAAAA AAAAAAAC T HTTHTN ArratTTTe A ATTGAAARAG) GTTTCATCET. ATTTTTATTT TATGATATAT AGAGAASAGA TACTCCGGAT. TCTGGCAAGS GATAATGACT, TTTTTTTTTC aaTT ATTT_

TRCHCRRCR I'H-I‘*gl TRRcRRRc SI'B-HI """Hf HHHHE I“““-HH I-I':‘“II :E!-‘I‘ l'lﬁliﬂel sl'_ H@ esé‘l'ﬂ'ﬂ

TTETITT CEBTTCHEER BCCTTTRATE TITITRT T TET BTECE
TTRTTIT GEETTCHEEE BocTITRATE TTTITET TTTETEBTET ETECE Gl GII GG llll

InDel locus

12.480 12480 12500 125 25 12,3
|

cR BrcaRgarc EgIr
IBTCE BETCERBATC EERITICHETE
1 BB B |

T [T [] THEIm
AG ACCGGARTCS CTETCATTGE TTTRARAGT EAT ATJVA TATTTTA MCATCETR CCAATSTTAG TTTTMATTR

ARE®

bol |

: cCCTCA TG0 X

InDel locus

Fig. 1. InDel locus sequence of the developed markers. A; Zj-InDel-1, B; Zj-InDel-2.

Table 2. Primer information of Z. jujuba InDel markers.
Marker Amplicon size (bp) Primer sequence (5'— 3) Annealing temperature (C)
F: GAACCCGCTATTTGCTAT

Zj-InDel-1 341,349, 444, 545 52
R: TAACCCCCTCCTAAACAAC
‘ F: CATCACCTTCAAAACCCC
Zj-InDel-2 188, 222, 188/213, 188/222 52
R: CCAATGACAGCGATTCCG

cVeEz, e, AlEN], B2, e, 3%, 99, Hlx MAF %t Zj-InDel-1914 0.683, Zj-InDel-29114 0.542,

FES 188 bpot 222 bp F Q) WI=ES BF zh= §AA) ﬁg# 061394 S YERATE GN#Re Zj-InDel-13} Zj-InDel-

FS Jelith 6894z, #4135, dE, gUF EF5S 2 EF 4 /2 Yeldth GDE Zj-InDel-1914 0.468, Zj-

fragment analyzer ¥4 A3} 188 bpe} 213 bp Alo]zeo] ui InDel-2°ﬂ/\1 0.525, H+ 04979 #<S JeEldd. HE Zj-

= Ueple] A YeRd A3k e §8S YERL InDel-1= 0, Zj-InDel-2& 05532 YEliow PICE Zj-

E} (Fig. 2B). InDel-17} 0.408, Zj-InDel-27} 0.418, ¥+Fo] 0.413%+S Y
B oAgeA Eet = wlA Zj-InDel-1, Zj-InDel-2E 6 Wt (Table 3).

el o el Agstel BAG AAE ngow zr
utA e FAA M-S AASATE 412 PowerMarker 3. Zj-InDel-1 OB PCR product?] DNA &JMA 24
version 3255 AF&-3lo] major alleles frequency (MAF), Zj-InDel-1 "FEARZ genotyping@t A3} in silicoollA L7
genotype number (GN), allele number (AN), gene diversity z] oro oxztgo] veRdo wel GAAE BAoA] A
(GD), heterozygosity (H), polymorphism information content H AZE tE 4 7K Z7]9 W9 A7IALEE Felshr] 9

(PIC)YE 493139t} (Liu and Muse, 2005). sl F%5, 5%, 4, Market-19] ™3} PCR products
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Table 3. Diversity statistics of 60 Z. jujuba genetic resources analyzed by 2 InDel markers.

Marker MAFY GN? Ss¥ ANY GDY H® PIC”
Zj-InDel-1 0.683 4 60 4 0.468 0 0.408
Zj-InDel-2 0.542 4 60 3 0.525 0.55 0.418

MAF; major allele frequency, 2GN; genotype number, *'SS; sample size, YAN; allele number, *GD; gene diversity, ®H; heterozygosity, ”PIC;

polymorphism information content.
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T, 34, gz, gy, iz, AL FAHE, 3=, s
Z, Je-1, AFIOEZ, Jj-1, SHET, 54, vz, 7=,
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Fig. 3. Phylogenetic analysis of 60 Z. I{ujuba genetic resources
analyzed using 2 InDel markers. Arrows indicate the
major Korean jujube cultivars.
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