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Genetic Relationships among 19 Breeding Parents of Asparagus by ISSR
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Abstract: In order to understand the genetic relationship among of Asparagus officinalis L. germplasms, the
genetic diversity of 19 asparagus parents were analyzed by ISSR. The results showed that 187 bands were
amplified by 18 primers with polymorphism rate for 93.6%. UPGMA indicated the Nei’s coefficient ranged from
0.56 to 0.80. These cultivars could be clustered into three groups according to average coefficient of 0.62.
Asparagus officinalis ‘Green Dragon’ cultivar from US formed Group [ which had far relation with others. Group
II consisted of some artificial breeding parents of ‘Gijnlim’ from Holland and ‘Grande’ from US. The other tested
parents made up the Group III. The individuals derived from the same variety had large genetic distance. There
were abundant genetic diversity among individuals of asparagus from ploidy breeding. Therefore, these would
provide the theoretical basis and technical guidance for parent selection in hybrid breeding of asparagus.
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FIVEEIN, BMIEAREREEZRER, BT
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S MEME AR, B M i E IR SR AT e TR e 10 R
MEVE SRR 5, MMM RA R AT N TR . £E
M EREL R FRBOR . W/ ME TR FR ORI G
AR N TINFEFEOREE, JALE S 54 AR R
ANDY AR SERENE TEIE 2, IR I8 H e Mo, &
e Y — A o) e SO . 8 M R A v HLRE IR H T
FERMEESRAS T T e A AT AT SR AR L
FiC, i X I e S5 b O AN (1] F) 2 A% BE RS 2R 4T 2y
e

H A7, #JH RAPD (Random amplified polymer-
phic DNA)AI ISSR (Inter simple sequence repeats)<
I3 T BRI A AN [5) it = 8 Ao o B 9 8 A% 2
FEPEREAT T 0 At ), (RS R) B R Si A A A ] 157
G R MT A WARIE . ISSR ARic &K 17~22 bp
M E S E I MY W E B FA i B, BT
i AIEAETAE AR R A DR SRR B2 d
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Table 1 19 germplasms of Asparagus officinalis tested

T F3E (Apium graveolens)!'" . BFH S} & (Melastoma)
FEL S RN B A B B T 8 (Dendrobium officinale)!™!
S B FROT BRI AR Z AR ORISR &R R T, A
WEFER A ISSR 73 FhricHoR, X9 47 7 S MM SR A
HT 10 4 B S A B 38 A% 22 FEVERISE 20 REAT 40
#r, DURAIR R AN [F B Mo A B s 8BS, a2k
AT AL B PR AR BCIR IR 2 2%

1 BRI %

1.1 #8

I8 B FH 75 5 (Asparagus officinalis L) & Fi2E
ARPEHL 19 4y, 9 (o NMETESEAR, 10 4 kEMESE A
(G 1) Herp MEME S A AP FH [B) B AR DL RR i ade 1T
K, BN AEERER. HEHSEARNE TN THS
BEmsk, Hrhais AR R AR 2 R 57 0
LSRG e AR AT oK, YA A el TR B AR A%
A HE R 28 G € A D A5 10 K o AHE T8] 2 2R 4 19 1
FhT AR L, TN VK & R AT RIS =, T
—80°CUKFH N IRAFEHI o

1.2 FERF
FTH ISSR 5|#¥yeh A T A TRER AR A R

UEae) T P b/ SV POEREN T PP RIR
No. Gender Variety Origin Ploid of chromosome Germplasm sources
1 M Female  K=ER| ‘De Paoli’ F[E USA %1k Diploid FH (8] Bk ALi% Individual-plant selection in field
2 Mff Female  %tJ¥ ‘Green Dragon’ % [E USA Zf% 1k Diploid FH [A] B 3% Individual-plant selection in field
3 M Female — tRHEEJE ‘Male Crown’ F[E USA ¥k Diploid FH (8] ik i% Individual-plant selection in field
4 Mff Female B3 % ‘De Paoli’ Apollo  3E[E USA %1k Diploid FH i) Bk A% Individual-plant selection in field
5 M Female Fi[ % < Apollo® £ [E USA %1k Diploid FH [8] Lk ALi% Individual-plant selection in field
6 I Female  #%=2f# ‘Grande’ %[H USA Zf%1k Diploid HH [A] Bk A2 3% Individual-plant selection in field
7 W Female  #%=2f# ‘Grande’ %[H USA Zf%1k Diploid HH [A] Bk A2 3% Individual-plant selection in field
8 I Male £M “Gijnlim’ fi>% Holland 44 —{%44k Homozygous diploid  Hif%{A 1% Doubled haploid plant
9 it Male &M “Gijnlim® fif =% Holland &4 —f%{A Homozygous diploid %4/l Doubled haploid plant
10 ff: Male £M “Gijnlim’ i >% Holland 44 —{%44k Homozygous diploid ~ ¥if%{A 1% Doubled haploid plant
11 M Male &M “Gijnlim’ fif =% Holland &4 —f%{A Homozygous diploid %4/l Doubled haploid plant
12 ff: Male £M “Gijnlim’ fi>% Holland 44 —{%44k Homozygous diploid  ¥if%{A 1% Doubled haploid plant
13 /ft Male %M “Gijnlim’® fif == Holland &4 —f%{A Homozygous diploid %4/l Doubled haploid plant
14 M Female &4k “Gijnlim® fif =% Holland ~ —-f%#%& Diploid FH [8] Bk AL i Individual-plant selection in field
15 M Female &4k Gijnlim’ 2% Holland {1k Diploid FH i) Bk A% Individual-plant selection in field
16 I Male &M “Gijnlim’ fif 2% Holland VY%A Tetraploid A% In4% Doubled diploid plant
17 Mt Male &M “Gijnlim® fii= Holland  PUf{A Tetraploid A% TN{% Doubled diploid plant
18 I Male %M “Gijnlim® fii>% Holland VU4 Tetraploid %A nf% Doubled diploid plant
19 I Male %Mk “Gijnlim® fii>% Holland VU4 Tetraploid %4 hn4% Doubled diploid plant
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NFE]E e ANTPs. DNA marker Fl1 Ex Tag DNA %
B EREE RGN B KIE % W) (TaKaRa) TREH IR 2
Al. il CTAB. EDTA W H LifgE TAY TR
MHERAF .

1.3 EFE4H DNA KRB

J 4 S DNA $RBUCR B R CTAB /M ik
BT B 0.2 g P TR A P B ik R, B E
T 2 mL BOEH; A 900 uL 65°C i 2x
CTAB B0 (100 mmol L' Tris-HCI pH 8.0,
1.4 mmol L™ NaCl, 20 mmol L' EDTA, 2% CTAB).
3% B-Fidk LA 100 uL Jo/K ZEEPEIR % 1R S
T 65°C/KiHIE A 60 min &, 13000 xg F E5.L» 5 min;
W 900 pL EIEWTHTM 2 mL BO0E Y, IIASE
AR 900 pL HZREY @ &7 - FIKEEQRS5 © 24 1 1),
PRGEIR, 13000xg FHURE L 10 min; B EIEH
750 uL, FENHFH 1.5 mL B0, NSRRI
ST RIREEQ24 1), REGEUX, 13000xg T B
10 min; )5, WL EEWR 550 pl, IO 1/10 /4RF
A 3 mol L™ NaAc (pH 5.2)FI&5 AR 7 A g, T
-20°CJE 30 min, B5.0JERIFIIVITES 75% L1
el 2 Ik, K QYRS 1R, T 100 uL
KB K; 20 CARAT#% o

P IS DNA SR 1.2% PR Es I B vt Fse Hi A
SEREME, A Quawell UV-Vis spectrophotometer
Q5000 (Quawell Technology, San Jose, CA, USA)l|
& FRE

1.4 PCR R Rtk R R 2P
PCR REERMAL AT HE G IE IR
WEE, ¥ DNA Ff i 7 l# % 2] 3 ng. 8 ng. 10 ng.

% 2 kN 18 % ISSR F14/7 51

Table 2 Sequences of 18 ISSR primers screened

18 ng-20 ng f140 ng, #3725 uL FEA RN R, 1
4 2.5 L 10xEx Tag Buffer, 2.0 uL f#] 2.5 mmol L'
dNTPs, 1.0 uL f5143(10 pmol L), 0.125 pL ) Ex
Tag DNA FEAEH(5 U uL )L 1.0 uL () DNA FEAR,
e Ja FIC K E 48 % 25 pls

SV B KRR DAdw T 4 5
B % (< Apollo”) A& ARMETE AR OMAEAS, X 100 2%
BEAL ISSR 51 W7 #2001k, AR 514 & mise b
(1) Tm {E N9k 3°C ~5°CHIJT%, 7l E 46.2°C.
48.6°C. 50.7°C. 52.6°C. 54.0°CHl156.2°C3t 6 Mk
£, SR B0 Btk RidEAT PCR 738, DAARHIG
WhT L 22 25 PR LT 9 s U, 75 326 e £ 1R IR BE

1.5 ISSR-PCR ¥ B4 F1 538 ab 22

i HH ) 18 25 BII(ER 2) 43 T 19 43 72 55
HBEAT PCR 3714 J5 % FH 2.0% 35 SR B A2 H kAl
1 FGE R 1% R SR IR AE S 45 . KRR 1 TR
A, i, ATEE HAKELE 200~2000 bp T
3%, XFE— Sy 647, R KA A 24
T 1AM, §IERHECE A )i, §IE R
(TE2&A)IEN“0", B3 8Eim N Excel &A%, AL
JRUGZRAE 01 BRHFFE. FIH NTSYS 2.1 #ffH
Similarity #£/3 ] Qualitative data 715 SM FH{LL R %L,
SR J5 H Clustering 775 1 1] SHAN ##4T UPGMA %
KO, LB AE SM AR RS SE RS E, N
H Ordination 2% /1) Eigen 34T — 70 F %5447,
A3 19 A PCA K. Bk4h, KA POPGENE
1.32 34T 5 BRI AL 04T, 19 R FEAEN 1 AN FEAA
G AT S5 P U5 A7 FE R B (Na)  BEAMOL
RSP RAAE R AT I R $(Ne) . Neis JEH Z A1 Hg
#1(He)LA & Shannon’s {5 B FE4(1).

5% Primer J¥%1 Sequence (5'~3") 5% Primer J¥%1 Sequence (5'~3")

807 AGAGAGAGAGAGAGAGT 841 GAGAGAGAGAGAGAGAYC
808 AGAGAGAGAGAGAGAGC 842 GAGAGAGAGAGAGAGAYG
811 GAGAGAGAGAGAGAGAC 844 CTCTCTCTCTCTCTCTRC
822 TCTCTCTCTCTCTCTCA 855 ACACACACACACACACYT
825 ACACACACACACACACT 856 ACACACACACACACACYA
826 ACACACACACACACACC 861 ACCACCACCACCACCACC
835 AGAGAGAGAGAGAGAGYC 864 ATGATGATGATGATGATG
836 AGAGAGAGAGAGAGAGYA 868 GAAGAAGAAGAAGAAGAA
840 GAGAGAGAGAGAGAGAYT 873 GACAGACAGACAGACA
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2 SR

2.1 ISSR-PCR [ itk &Rk

FEHLI 7 55 5 DNA 45 855, TCoRBUIR,
ODa0/ODago £ 1.8~2.0 Z[H], #5iHH DNA 5% 1
AR FER U 2 W KA, 77 5% ISSR-PCR VAR 5
(i FERAR B 40 ng, 51901 i AER KR E A

5000 bp

2500 bp
2000 bp

1000 bp
750 bp
500 bp

50.7°C . RHZR PR R FEF AT PCR ¥ 34,
M 100 %% ISSR 51 ¥ h W) ik th 24 %% 2 &R
G5 (B 1)e MR 2% 7 17 B o] DL i O, e 2%
W 18 KSR 19 17 75 FFE i AT ISSR-PCR
Jyh, sl H N 807, 808, 811, 822, 825,
826, 835, 836, 840, 841, 842, 844, 855, 856, 861,
864, 868 Fll 873

[i5E=] 6 SIS 1982021

22 23 24

[] 1 “PA]3 B 15 45 (No. 4)f ISSR 510k . M: 15000 +2000bp Marker; 1~24 43315514 807, 808, 811, 822, 824, 825, 826, 835, 836, 840, 841,
842, 844, 855, 856, 861. 864, 868, 873. 878, 880, 881, 884 Fl 886,
Fig. 1 Screening of primers used in ‘Apollo” (No. 4). M: 15000+2000 bp Marker; 1 -24 are primers of 807, 808, 811, 822, 824, 825, 826, 835, 836, 840, 841,

842, 844, 855, 856, 861, 864, 868, 873, 878, 880, 881, 884 and 886, respectively.

2.2 AT
FH % 358 HH R 18 25 51 W%t 19 43 75 55 i i DNA

%3 ISSR-PCR 5|#) Je g a4k 1

Table 3 PCR amplification results by primers
EZN L2t

ZATERATIM, JEP g 187 2%, b2 S A R LA
S 176 %, ZEMAET TN 94.1% (£ 3), £ Primer  Numberofbands O go % of polymorphism
W10 N EERFARAG ERORIES R 5 » K o
WA 2 H2 SR 5194 811, 844 Al 861, 811 13 13 100.0
R 13, Z2EMRZERNRZGIY 868, &M 822 13 12 92.3
FIAP AN 66.7%. PIORERG A 811 SRk o " o
HAE S, Ho 1 SR 19 SR I 3G 2 835 10 9 90.0
55, ZAMRZE, M8 5. 12 S 13 SFEMY 1Y 836 1 1 100.0
B AMEINT AT I, 2 ASPERCE . 3190 868 X 19 75 b B ; s
GNP G EE RAR W], S RE LG 1) A% B B 842 9 9 100.0
2 A ME(E 2) ANE SRS 386 74 72 7 7 e A2 844 13 13 1000
5140 5 AR 4 R SR A IR R R 5 . i \ . s
861 13 13 100.0
2.3 TR 864 9 9 100.0
POPGENE 1.32 BfARE AL 70 T IS5 R, 187 868 9 6 66.7
A PTEI A R L RS (Na) Ay 19465202256, o B e o
S R A HE R B (Ne) J9 1.6679+0.3215, Nei’s i ?;1 o4 o o

R Z #£(He) Ay 0.3719+0.1514, Shannon’s 155 S48 Mean
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2500 bp
2000 bp

1000 bp
750 bp

500 bp

2000 bp

1000 bp
750 bp
500 bp

1281 Sl S 15e 81622 17581 83 619

[FE 18 19

2 5|4 811 (A)FI 868 (B)XF /54 ISSR § " #4 &l {i . A: M: 15000+2000 bp Marker; B: M: 2000 bp Marker; 1~19 L% 1.

Fig. 2 Amplification of Asparagus by primers 811 (A) and 868 (B). A: M: 15000+ 2000 bp Marker; B: M: 2000 bp Marker; 1-19 see Table 1.

(MM 0.5417+0.1972. FIH NTSYS 2.1 HfH
Similarity #£ 5 [f] Qualitative data 1% SM AH{L 4L,
BE S TE AL R BN 0.56~0.80, “T-HHILL ZBCH
0.68, H Clustering #2711 /) SHAN 17 UPGMA
RHESIT(E 3). G5HERM, TEHURECH 0.62 &b,
AP AERE T N =R BRI 2 53
MALTE— A5 32, 2 5 N FEE S48 (‘Green
Dragon’), 7 BH1Z A5 i =2 i Fop A0 Ath S8 [ b
HAPTE BRI AL PR 2, HAE B BCEM. thm A
ZHRFBYE . 5 NEFAFE 65, 85, 10
T8 FHI19 5 SAFES, B 6 53 E kg
=% f#(‘Grande’) Ab, AR ¥ ON A 2 R & M
(‘Gijnlim" ) N TR & BERE, HA, 18 51 19 SFf
BRI PE SR, AHLRECH 0.80, —FH ¥ N =
s P PR (1) FE ) AR (R B 220 G B A 5 T e 11
SRV RS bERR . HERBEARI AR B fa Bl = T 28
I 58, (H5 g appratt, ZRIAHE. H
T 2R AR a flb (AT . a WA 1
T35 45125, 14 515 5% 6 MRS, BR
12 5 oMM 24 iR e N TR & 4l & 840,
FLAR IR b [R] 9 e PR R EE SRR b P

LS55, 75,95, 11 5. 135, 16 5117

ST ARG, Hb 5 SRR A S [ SRR R
FE TR G2 0 B MERR, 7 5 it g S [ it b < i 2248 1
(] G e D0 R MERR, AR A A7 =2 < bR N
B HIHERR .

2.4 ERG T

i NTSYS2.1 #AEx%F ISSR dm AT £ sy
3T, MW 4 ATLUR 1, 2 SRS e F— 3 (1 2R
), 6 5. 8 5. 18 51 19 S EH IRAEAE i,
5318 I REEA—F B 4 iy 1T 258
BETHE 3R I 22 b WA a WA, PLK 10
SHME 3 FET TR, A, B4R S
3 SAEAFE Ty A S AR 2= o, #har e
NIV ER, XRES5E 3 AFEZA.

1 3 FIEE 4 LLEERTEN, 5519 P BRI R G 5R
REER i KA MR Z S, W RA
F4 TR MR A AR AN TR 7 ) A [ 48 BE 1A o3 AT AR
A, A REE R AT S S PR A RSE LR R

3 WHig

AWFFER A ISSR X} 19 35 55 F Mo A
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3 HF ISSR 4 FHRichy 19 3 55 FE 5 UPGMA JZKE

Fig. 3 UPGMA tree of 19 asparagus samples based on ISSR markers
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Fig. 4 Principal coordinate scatter analysis of 19 asparagus samples
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eSS TP PSR N EE D EE T L e SV AP IS LS
R 55 H AR 3SR, BEEAE R Tl 9 R 2 K
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o BRES T A VA O SRR A LR AR, 2
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FEE RS A A EE bR, A stk b —
A B ARECGEM . PRm A 22 =2 1R AR ) Sk il
M8, AFRAENEEER, R
Ko BRI, <2300 mT DAAE 9 — AR B 1248

ARG RIE R, [F— PR AR RS E R
BRI AN W 6 SR 7 SRR 55 R A%
A PIHERR, E 00 E T AR, i A
(1) 45 F15 SRS 9 BTk 2 s pk, o8 T
A — RIEMAR RN A o X R Fh AN [R] Ak ]
R I AR SR P B IR, W] RE R 2 54
SRR, BT RACEM Y, SREREA K. X
ol FHL (6] ARAPAE IR 8L 22 57, NP A 228 B 18
AGFIEFEUE T — PR BN, RUE Ty 22 (1) Sk
m PR PEE PR E AR BT AR A R 2R
H, R FEE AL Z A, T X S A R
FABRBERMHE TS 5. 10 5. 18 5
19 F)yE T8 2RO 5. 11 5. 12 5. 13 5,
16 51 17 5[4 . XA REZFEMER B, AT
BE 55 77 5 YL 0 R E 35 B 36 A T A 2 75 AR ) 4
DNA B3 (e 2e A7 . AHIE 7 AN TG IE B 1 7
FEVE B MA T Re QS BTN FEE B MR
Ao BAN, 12 5. 14 SR 15 SEERSNA LK 4
Mo dtoRp, Hod 12 SONMERE, AR MERR, B3 195
KEAT LA 12 58 15 SHEM BB B oEZ% R
2, BN T 2RBEN) a WA, X 5K 4 h=FHE
LB TN RBE R 45 RIEAR—FL

KRB WHAE R 75 9 M MEPE B R SR AR
10 9IRS AR B] ISR 2500 R S N )38 A% 22 FE A,
R E 2D AT 3 AR A AT AL AR LR AR DB A
B,
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