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Abstract We studied the optimization of Narcissus genus inter-simple sequence repeat (ISSR-PCR) and amplified fragment length
polymorphism (AFLP) reaction system, and established the optimum reaction conditions. The germplasm resources genetic diversity
of narcissus was tested using | SSR and AFLP molecular markers. The result discovered that the polymomphisms of the AFLP marker
exceed that of the ISSR, but both of them cannot effectively reveal the genetic variation among populations, the genetic variation
among individuals was tested too. Chinese narcissus with daffodils genetic relationship is far away. We predicted that the reason
result in the morphological variation between Chongming narcissus and Zhangzhou narcissus was the phenotypic genetics caused by
geography. We also speculated that the reason lead to the difference between Chongming narcissus and Zhangzhou narcissus in form
is phenotypic genetic which is caused by geographic differences. It is still not verified that Zhuangyuan narcissus is variant from
Zhangzhou or Chongming Narcissus.

Keywords Narcissus plants; ISSR marker; AFLP marker; Genetic variation

Fnse KAl (Zhangzhou Narcissus). 428 7Kl (Chongming
Al @ (Narcissus Linn 048 175 F(Amary-  Narcissus). 20/ li(Putuo Narcissus) . P l)
llidaceae) % 4 A HACKIY), iy ANAIII IR (Pingtan Narcissus). JF1LiZKAli(Zhoushan Narcissus)
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45, GiRRA R E KA (Narcissus tazetta L var. chinensis
Roem.) . &2 B ZKAIIFE 2 WL CU 7 400 247 1R 52
HA A KSR . e it =1
S VIR P Sl b SN B N3 P B w5 = LR R SN £
Gz — o KT HEMZKARIEZBIKAL 73 2K — B A
TEZR A — R B AHAR I, — A K ALEK
2 MR O BT, JUERE, SRR
TEME B T IR IAE, ORISR R 2L .
S JURNKE O E, BT ZEWIKAlL. FE7KALA
op LR KA R A A wa B B RE S, 7Kl A
[P, #E RS2 AT AT o 1E Wik i) 44 7
CEEARANT, TR I AR G R s A, AR
P B 1V KAl 32 2202 #H 48 1 (Narcissus - “Paricutin’
‘Mount Hood’), BHY%t4E(Narcissus Sun Disc’), 11
HLZE4E -k 1Li(Narcissus “Paricutin®) Fl1E545 i (Narcissus
“Tahiti") .

HAT, A RKARIREIT 2 Herh T AH R 57 A K
PRI TT ), KA EEM KAL) 73 2 R 5
—HERAMRBURGES, 2 80EA A E KAL)
PHRANFARIE R, SRR AL, T2, ASK
% 5 fEil ik 1ISSR-PCR Arid( L, 2002) % AFLP
I3 T ARICHREL S 3 B O 4 AN 5K R, 2006; 1T
ME5E, 2006), R Afinr 4 FhoRKALPPE B i R Ja e it
o> .

RL2D51W% 5, L FHI AP 45 R

Table 1 Name of 23 primers, sequence and their amplication results

1R 50
1.1 1SSR-PCR 44k [R RiAA F ) 2T

PLEZBH /KAl DNA g #idR, M 100 4514
i 32 MG, TR S K
il EEMRIEARAL S BN EEAKAL, RoTKRAD, P
AKADRT G 6 R ) 32 AN AT Rk, a3 El
23 X I A S IR 1)

23 o DR B A A R 25 2 BRI R
PR, W57 52 7KAl ISSR-PCR S (138 T 4%
ER: 20 pb VAR R &S HU & OB DNA
50 ng, Tag DNA R4 1 U, 5193 0.5 umol/L,
dNTPs ¥ & 0.25 mmol/L, 10XPCR Buffer 3.5 uL,
B IR KL 56.8°C

T B R R AT BT B B, SR IEAS
TR R AR R R e b (] 1), R VAR R
Eo ZMEFREN: 20 pb RNARTESE SN
BB DNA 50 ng, TagDNA &0 1 U, 510K
0.5 umol/L, dNTPs ¥ 0.3 mmol/L, 10X PCR
Buffer 2.5 uL, ffHiR Kili)E 4 56.8°C.

AR A A 5 1R B AR 58 56 55 AN 2K AL R 1)
DNA BB AT ISSR-PCR 748, &E4N5 4 n] 5748 i
3~11 %< DNA B, P 5 4. 23 gLy 1
115 4kifr, Hrp 36 £ HAZEME, RN
31.3% (L% 1).

SIS BHEES R ZRMALR SIS IR WAL ZANERLS

Primer No. Sequences  Records a polymorphic Primer Sequences Records a polymorphic
points loci No. points loci

811 (GA)C 3 0 847 (CA)AGC 5 2

814 (CT)sA 4 2 852 (TC)sAGA 6 3

815 (CT)sG 5 3 854 (TC)AGG 3 0

824 (TC)sG 4 1 855 (AC)CTT 4 1

825 (AC)sT 6 0 856 (AG)sCTA 6 0

834 (AG)sCTT 7 0 859 (TG)sAGC 4 2

835 (AG)sCTC 8 6 866 (CTC)s 3 0

836 (AG)sCTA 7 2 880 GGA(GAG),AGGAGA 11 7

841 (GA)CTC 6 4 881 GGGTGGGGTGGGGTG 4 2

844 (CT)sAGC 4 0 890 ACGACTACG(GT); 3 0

845 (CT)sAGG 4 0 899 CATGGTGTTGGTCATTGTTCCA 5 1

846 (CA)AGT 3 0

St 115 36 ] 5.0 1.57

Total Mean
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K1 =l s WA R ABOR B

o NARZRR 20 pL; 1, 20 WRUR AR R, 3, 41 SR
R NIARR; 5, 6: IEAC B SRR &

Figure 1 Effect comparison of three reaction systems

Note: Reaction system for 20 pL; 1, 2 : Conventional reaction
system; 3, 4: Single factor optimization reaction system; 5, 6:
Orthogonal design optimization reaction system

1.2 AFLP #Ri2 43 #7

I 64 K5I rhiRik T 28w
SR AT 8 XTI, X EEH KA N KA
Htjl:ﬂ({lhu&ﬁﬂ(ﬂhlﬁﬁT AFLP 73, BEXT5|4)

HIE RS B E AR 2), PSR 328
%{ﬁﬂffﬁTfﬁfrE’J%Fﬁ, Hrh 2850 258 4%, £
SHEHRILT 78.7%; VARG 1 H 4 41
%, BBV 32.25 4%, &M RAZIEAE
67.5%~88.1%]w); 1, 514 5-8 AR R D,
LY 48 26 455 514 8-3 YA 49 4% SIW) 51 1E
445 bp. 514 8-1 1F 155 bp. 5|4 8-3 7 278 bp At
Sof PO Fsh v KAl (#4111 (Narcissus Paricutin® “Mount
Hood’), BHJ%:)%4%(Narcissus “Sun Disc?), T ZE4E
Kk tli(Narcissus ‘Paricutin’), ¥445$¢(Narcissus ‘Tahiti’))
Y HG R S Ay, RS IN KA SR KA
ARTCAKANFIFE Y B AT 14 H 45415 (B 2)

K 2 AFLP LMY B 51 WY 1Y 25
Table 2 AFLP primer combinations and amplification

1.3 A& AU A

X 23 AN I1SSR 5197 A g 38y BLE AT S vk ik
S ADRER] R s A A AL R E(GS) (3R 3), AT
7F 0.847 8~0.979 9 Z [a], ~V-¥J{E N 0.90, ¥ M HLj
FRANFAE N KAl GS B0 0.971 3, 2 FLIEK
AR 52 B FEEZK AL GS B ik 0.979 9, 2B ZKALFN
N KALPE2) GS 54 0.965, 23445 5L 4 B 385 N 7K
AR S KA Z TR PRSI 2 00 RAR IR, S R T 1) s
IHAIE N IR IT AR MK AL GS fEA
0.972 1, 5 NEIEAKALK) GS fH4 0.953 3, ¥
GS {0 0.962 7, ILF|miEEAHLL: ARITKANFIZEH
FEAKAL GS {4 0.956 3, LRI E IR /KALIK)
GS {0 0.942 1, “F¥124 0.949 2., FE/KALPYA i A
AMAIAPF BB A AL R SN 0.88, R AKALE B
a P LIS A 22 RPN T 5 5 RN KA S BHKAL
HRICKAN = 0] 1P GS Bk 0.965, R &A1
[ RIS 0 RBL s e TS PEAKAL DY A S ol ] 1)~
¥) GS {iih 0.87, KB =i [ KAl ¥ AKARI G
2 SEYEPAL U

[FIFE, X 8 %) AFLP 51914 54 i Balb AT 48k
THEH I AR AL 7 AR AL R s A A AL R B (3R 4) o
Tof 0] P8t AL R B0(GS) A8 I 4 0.261 3~0.633 5,
SEEIME K 0.508. 14 3 % 4 Fis, AFLP Aric 4k
RE5 ISSR FridAHL,  Z2HIKAlL S EMKALSE 5
1, FEZKALS ZEEZKAL S RICKALS A KA 5
Yk I FRIZE « i M EIREKALL A K Al GS {84 0.633 5,

S B AILRD 2 B EE /KA GS {0 0.588 6, 42

Evaﬂqmnzajlhkﬂhﬂ?i’a GS {4 0.615 7; RITAKAL

P ElL7pS) ISXi SV Z AN Z BN (%)
Number Primer pair Total Number of Bands Polymorphic Bands Polymorphism (%)
5-1 E-ACA/M-CAA 42 37 88.1

5-3 E-ACA/M-CAG 46 36 78.3

5-4 E-ACA/M-CAT 38 31 81.6

5-8 E-ACA/M-CTT 26 19 731

8-1 E-ACG/M-CAA 46 38 82.6

8-3 E-ACG/M-CAG 49 38 77.6

8-4 E-ACG/M-CAT 40 27 67.5

8-8 E-ACG/M-CTT 41 32 78.0

STt 328 258 78.7

Total

] 41 32.25 78.7

Average
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NS 55 04 S POV N NS NN e NN S NPT IR NN N SN

200 5n 500 by

0y B P
1;2 :I‘: 490 bp 500 bp

475 b 490 bp

490 bp R 475bp
425:bp 450 bp
400 bp
380 bp
360 bp
340 bp
320 bp
300 bp
280 bp
260 bp
240 bp 300 bp
220 bp 280 bp
200 bp 240 bp 260 bp
190 bp 220 bp

180 bp
160 bp 160 bp

140.6p 1400 160 bp
120bp 12006p 140 bp
100 bp 100 bp 120 bp
90 bp 90 bp 80 bp
80 bp Sabp 70 bp
60 bp 70 bp

Kl 2 AFLP 5|4 5-1, 8-1, 8-3 Xt 21 MFf ik (1) PCR 44 4]

#: Marker: DGL2000 marker; 1~2: J8 M SR Al 3~6: ¥ SN B JEKAL; 7~8: IRIG/AKAL; 9~12: SEHHEEIRE/KAL; 13~17: S2HHH
T7KAL; 18~21 435 A AR L, BHOGSAE, WIHLZEAE Kb, A4, e s 5-1. 8-1. 8-3 (W& )iy M &1, Kb
AL R S A

Figure 2 The PCR amplification of 21 samples using primer 5-1, 8-1, 8-3

Note: Marker: DGL2000 marker; 1~2: Zhangzhou single narcissus, 3~6: Zhangzhou double narcissus, 7~8: Zhuangyuan narcissus,
9~12: Chongming double narcissus, 13~17: Chongming single narcissus, 18~21 is Narcissus ‘Paricutin’ ‘M ount Hood’, Narcissus
‘Sun Disc’ , Narcissus ‘Paricutin’, Narcissus ‘Tahiti’, respecctively; From left to right is the multiplies figure of primer 5-1, 8-1, 8-3
(see table 2); figures appear specific bands in circle note

£ 3 FEMII Nei FARAME R B M (1SSR)
Table 3 Nei's similarity of coefficient matrix of samples (ISSR)

Ffdh 1 2 3 4 5 6 7 8 9
samples

1 1.0000

2 0.9713 1.0000

3 09721 0.953 3 1.000 0

4 0.968 9 0.967 2 09421 1.0000

5 0.968 3 0.9712 0.956 3 0.9799 1.0000

6 0.878 3 0.865 4 0.876 7 0.8821 0.857 8 1.0000

7 0.864 5 0.864 2 0.882 3 0.8635 0.8718 0.868 9 1.0000

8 0.852 3 0.877 8 0.853 6 0.874 7 0.853 3 0.862 2 0.8718 1.000 0

9 0.873 8 0.8735 0.847 8 0.863 2 0.869 9 0.8752 0.878 4 0.8711 1.000 0

T L N AL 2: SN EIEKAL 3: ARTTAKAL; 40 SEBTEEIEKAL 50 S EIRKAL; 6~9 73l s L, BOGIGEL, 1A
HEEFE KL, BEAS
Note: 1: Zhangzhou single narcissus; 2: Zhangzhou double narcissus; 3: Zhuangyuan narcissus; 4: Chongming double narcissus; 5:
Chongming single narcissus; 6~9 is Narcissus ‘Paricutin’ ‘Mount Hood’, Narcissus ‘Sun Disc’, Narcissus ‘Paricutin’, Narcissus
‘Tahiti’, respecctively

L5 M BAE KAl . M E K AR GS 1B 403k 0.614 1, VKA F-¥) GS {4 0.296 5.
0.625 2. 0.609 5; R IC/KANANSEBH BEK ALK GS

‘ . . 2 &w5iTe

, . y zéi—\‘ﬁ N N N . ’ . N
(117 0.565 0, [5ER IR A GS fiiy 06144 ARSI ISSR 40 T heifl AFLP J6400 it
IXZRIRARTCAKAN S P ARAL 5% BH T AL ) 53 2% - . ™
\ O o N ) o L KA S B KA S M KA IR TG /KA AT
FERIIL s PEARANPYAS S FpAS A ()P 435 A AL R g g o
HU0 0512 8 AR 3 B ELALT A GS £y IANFFBESEAT bic, 20 A 87 T KA B A 1F) ISSR

S PRACH AFLP A6 R NAA SR, AFLP brid 221
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4 KRR Nei (AU 2 ECEFE (AFLP)
Table 4 Nei's similarity of coefficient matrix of samples (AFLP)

FEfh 1 2 3 4 5 6 7 8 9
Samples

1 1.0000

2 0.6335 1.000 0

3 0.6252 0.609 5 1.0000

4 0.576 3 05791 0.565 0 1.000 0

5 0.624 4 0.6111 0.614 4 0.588 6 1.0000

6 0.292 6 03211 0.292 0 0.3173 0.3035 1.0000

7 0.290 1 0.302 1 0.280 1 0.2613 0.282 4 0.4319 1.000 0

8 0.298 9 0.3253 0.300 1 0.298 0 0.3154 0.4776 0.5330 1.000 0

9 0.287 7 0.295 7 0.262 4 0.284 6 0.2838 0.575 2 0.4727 0.586 2 1.000 0

Lo VN RIRKAL; 20 SN EIRAKAL; 30 ARTTIKAL; 40 SEBHERIKAL; 51 SEHISIRAKAL; 6~9 3 A HAGE L, BHOWEAE, N
BLFESE K 1L, BEAs

Note: 1: Zhangzhou single narcissus; 2: Zhangzhou double narcissus; 3: Zhuangyuan narcissus; 4: Chongming double narcissus; 5:
Chongming single narcissus; 6~9 is Narcissus ‘Paricutin’ ‘Mount Hood’, Narcissus ‘Sun Disc’, Narcissus ‘Paricutin’, Narcissus

‘Tahiti’, respecctively

T ISSR #rid. SEHIHIEH 23 A~ ISSR 514, Ly
115 a7, o 36 K HAZEN, 28R
£ )y 31.3%; 8 X AFLP 5l#¥ILy 175 5] 328 43
W gEvt 4y, b 24 258 &%, AN
LR ILTE 78.7%. SRTH, {EPIFAR L TR R E
AR HE 7 v KA R (] 352 4% A8 S 0 e S
o ) FH S PR X AU Ao B T 11 J A 22 S AT
YT, AR, ISSR 15 H 52 KAl ¥ ZK Al
WL 0.003 5, AFLP {4551 0.384 3, KILE
KA S5 3 KA G O6 R AR, fE— @ R LD
HE T3 M AR 52 /KA R — 2 I8 i vk s PR
045 3 s b E KA S VEKALGS {82350k 0.880,
0.512 8)E% Kk RIiL. ISSR Fric 5 AFLP Z)#r4k
IR E KA #A R ZE SR — 5T,
KA YR = A5k, KEAE, (AR RS,
KM B DL RARRAT N TIE . 80
T EZRANF RS 2 AR = o P EDKALE A%
VR 75— AN R R E KA I B AR AN
BB R, HIERIZ DNA A8 Ssqs, RAER
A= FAR SR TE OB dh R, X2 5 20 B KA A R AR
DIARA R o R 2 IR, MRl i £
FEPETE = A2 T SR A PG R (1) H5 22 i 8] (Huang
et al.,1998). EKHIMAAEDIFHA, Wikt
KA LB KAl AT A A M AS . A 4 i
. ZREERES, OB T B I e e At
DAL Pl SE DR N SR BZRANSE, AT SRAF AL BE
Tt ZFE. ARBUR, BB . PUivkas (fgr i,

st A EWRKANEAT A FE I H b o
Waddington (1957) %4 24 HH R M w44 271X — I
%, INAALE DNA AR AW T, SR
FIR A AR S T DA AR 1, X BRI IR 25 A4
JH PN PR AL ) T2 TR) R AR LA A 4 SR G ity 32,
2007, "EWprFaEAR, 42(10): 4-7). BIACHTST RIL, #
L35 AT A ) 3 8 A 3557 A PR o e vt )
YRR (a4, 2008), {EAN ISR TN, HEPnT
e RAE S A R MEAL AR A . A HE A 21 PR Hs
JIF, RMIBAE PUEFE R 2 R AR, X FhAr
— Bl DA AR IR, — a4 DR s D0 1 25 R
FER— RN b R AR . IXPHER 5t REAR RS 4% 1
IRANFAE N A [l — P ik . BT B AR
PR E, DL DA R AR ik, 152
B ZKAARTEE MK ALAE R TR b= 2 — e As e, X R AR
Feill i M EIE S TR, 1 DNA JP81) EIFEA
FEAEARA . RIA SR AAN T B A TR, SR (A,
A ERIEZE /N . AR, T N KA Al HLAE
e, ZAek, BEEIEK, 20 P R
LTI 1A A 2DV At 1 S R 1R300 E P
TEIHER N KA, HARK, FIREEHEL. I,
FI e 4y 1 A ko A K AL R B 2 A
e R IE 2L ) DNA BEATEERT, kR RArid
X e KA REAT 73 2 AL A ek — RN .

IMBETE
3.1 KB AH
ORI 3 AR AR AR BR, i ISR
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KANAE TN A AL . 43 T N B R Al v
WA ST /KAIL . ST KA TR TTAKAlL
KAl FEARANESE 4 ASEFP: 538 L (Narcissus

“Paricutin® “Mount Hood’), FH Y% %% (Narcissus
“Sun Disc’), L ZE K 1li(Narcissus “Paricutin’) Al
Ay $&(Narcissus “Tahiti’) .

3.2 7K Aili & DNA 32 Hx

K CTAB VA (T A4, 2010), 0.8% Ly ihH it
JEHLVK A DNA i, 7R850 ] Wbt b
M5E 260 nm A1 280 nm AbOGAE, KT A SR EE
K () DNAFE #4842 50 ng/ul F-20°C {174

3.3ISSR & M AR

Z R AR (2006) 2 ALK 20 pL ISSR = WA
. PCR ¥'#x W4 PTC-100TM A1 PTC-200TM
A EEAT . DASREHEIROKAL DNA SRR, 1k
P51y, 3ol 24T 5 DR S AR AL R IE AL Bt A
&, e 22 B 7KL ISSR-PCR & W (1) e A S 56 2 40

FLNZA A RE T 6 ) DNABURIKREL (5
%045 ng, 10 ng, 20 ng, 30 ng, 40 ng A1 50 ng). 64
Mg ¥ (43 5912 1.0 mmol/L, 1.5 mmol/L, 2.0 mmol/L,
2.5 mmol/L, 3.0 mmol/L #13.5 mmol/L). 6 45|
WP (4354 0.2 wmol/L, 0.3 umol/L, 0.4 pmol/L,
0.5 umol/L, 0.6 umol/L 1 0.7 pumol/L) .6 /> Tag DNA
BAMERE (9 040,06U,08U,1.0U,1.2U
HI1.4 U). 6/~ dNTPs #EZ (431 0.1 mmoliL,
0.15 mmol/L, 0.2 mmol/L, 0.25 mmol/L, 0.3 mmol/L
F10.35 mmol/L); LLEEATX ISSR MY (5%, 3
BEEMIK. A, SEKAE 40°C~60°CYaH N E T

12 MNBKIRE: 40.0°C. 40.5°C. 41.7°C. 43.2°C.
455°C. 48.4°C. 51.7°C. 54.6°C. 56.8°C. 58.4°C.
59.6°CHl 60°C, LAfiIE H B AR K FE

EAR BN Mg? . dNTPs #JiE. Taqg
DNA BRI . 5IIKRIE 4 MBI LG
AR (£ 5), A GEE 2 K.

% 5 ISSR-PCR 1AL K 3= K-F- 4
Table 5 ISSR-PCR optimization factors

K e K %=
Level Test factors
Mg DNTPs  TagDNA Prmier
(mmol/L)  (mmol/L) polymerase(U)  (umol/L)
1 15 0.1 0.5 04
2.0 0.2 1.0 0.5
2.5 0.3 15 0.6
3.4AFLP 4 FHrid

AFLP 1% H] Mse T A1 EcoR T XU 4 &
NI T,DNA ZEHZ I A NEB 2w, AFLP %
Sy 519, Tagq B A LR EADE AR A H . =
AR R UK 6 PTm o & RV 58 UE 1 1.5% 16 B ik
I FL VARSI =40 o

3.5 #¥E abE

N LiEHL ISSR. AFLP K P, 7ER—5 14,
[ —{07 s Ak, K3 P AR S AR . R MR AT
MAFIch “17, (55855, TR MER S Mok H
PUAFIACh “07, JERK 0. 1 %EFE. AIF NTSYS 48
THR AR G 85 AT 0, v S BHE A AR 2L
(GS)o Rt AE AHAL R BO AR AT 7347

%% 6 AFLP Fric [l Ak 3
Table 6 Reaction system of AFLP markers
Bl UIIE 2 S NEAR 2820 uL) TOU 49 S A4 22 (25 pl) HEPEPEY B ONAR ZR (25 i)

System of enzyme digestion and

ligation (20 pL) cation (25 pL)

Reaction system of pre-amplifi-

Reaction system of selection amplification (25 pL)

415 FRAER ) 4 A ERB) - 415 AR

Component \blume of Component \Wlume of Component \blume of
component (ul) component (ul) component (ul)

DNAtemplate 4 DNAtemplate 2 The diluted sample amplification 2

Adapter 1 Pre-ampmix 1 Mse [ primer 1

EcoR [ Mse | 2 dNTPs 1 EcoR I primer 1

10>Reaction Buffer 2.5 10>PCR Buffer 2.5 10>PCR Buffer 25

10 mmol/L ATP 25 Taq enzyme 0.5 dNTP 0.5

T, Ligase 1 ddH,0 18 Taq enzyme 0.5

ddH,0 7 ddH,0 17.5
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e Tk

W KNI SRAMERE AT S0 B v R SRR 5T
FIPRAT N B 5 s A, IR SCHIRR IS A, KIS
5B, WIS SR TKRAMER I H KR R K 4 ot
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