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Abstract: To reveal the genetic diversity of naturalized Narcissus tazetta var. chinensis populations in eastern
coast of China, 49 individuals from five representative populations distributed in Shanghai, Zhejiang and Fujian
Proviences were evaluated by using two chloroplast DNA matK and trnH-psbA fragments. The results showed
that total of six haplotypes were identified from the combined two sequences with an alignment length of 1 443 bp.
The genetic diversity of naturalized population was in order of DLSY >PTD>NJD=ZZ>CMD. AMOVA analysis
showed that the variation within populations was the main source of the genetic variation (91.98%) and low
genetic differentiation between populations (Fs:=0.080 22). Insignificant phylogeographic structure was detected
at species level (Nst=0.020<G«=0.031; P<0.05). Mantel test showed a significant linear correlation between
genetic distance and geographical distance (r=0.929, P=0.02<0.05). The neutrality test combined bimodal curve
in mismatch distribution analysis both rejected the hypothesis of the demographic expansion of these populations.
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Analysis of median network and phylogenetic NJ tree based on the distribution of haplotype both divided all the
populations into two major branches. These indicated a low level of genetic diversity with a weak genetic
differentiation among Narcissus tazetta var. chinensis populations in eastern coast of China. Genetic variation
mainly occurs in populations, while species had experienced no demographic expansion. These might likely
owing to the gene flows which were caused by the combination of islands segregation, biological characteristics,
habitat heterogeneity as well as human disturbance.
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(Amaryllidaceae) % 4 A4 5 ZE M40, A2 WM ZK AL (N.
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TR HzE S, WACIEPUEAERRSL %
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b s AR B A T T oA EEAE IO B A
W T B AR RS E A FhRid 2 FITER,
Iy TR d B A2 P BT B R OR B B BRI L
W E R AT EE SN T 10 4k, b
B MR E, BN KR8 B L 2
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R O-1UZ i o I 3 DNA P o o, JEF-nh4
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1.1 #%t

2017 4 Z=, MEFABILRE 2 IR E L
g WL AREER) 5 DNEHOKAERI R, B 1
FKAUAE T [ AR AR v e ) £ B0 A X, 3Rt 49 M
A, CEAERS T REM G, BEEE, LA
AERER 1), Hp-PE R (PTD)E KAL)
ARSE A RECTE . B ANMAT R SRR A /DA
B 10 m DAL, S A0 R KIghii 242 6
FER T fS, BT -20CUKAE& . 1Stk
FIRp A R Y, RIEARAAE T R UMK
FRARPRATE(NF).

1.2 #F 4 DNA REURT PCR 31

T L DR 2H DNA SR F A 2 4 4l 2320 &
(Tiangen, JdbFOFREL, F 1%35 e e FEL K Al Tanon-
2500 4= [ BhF S & R FEE 43 A4 (Tanon,  Fi )k
I DNA Fi&. 27 CHda KAz DNA 503
HEAT TR, PRI S5 L, KAl cpDNA Zwhs X
f) matk (F: 5'-CGATCTATTCATTCAATATTTC-3,
R: 5-TCTAGCACACGAAAGTCGAAGT-3) 53E
151X & trnH-psbA (F: 5-GTTATGCATGAACGTAA-
TGCTC-3', R: 5-CGCGCATGGTGGATTCACAAT-
CC-3")IE S ] 51 ¥ v B AEFoh A AR 7K ST B HH A
AR S, HLWF DhZed i, Mok Lk e okt
5. PCR ¥ 4k REMAFN 25 ul: G175 2xTaq
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Table 1 Information of collected species for five naturalized Narcissus tazetta var. chinensis populations

HEfE KR AR MESL  BE (E)  4AE (N) Pl PiS_IN KA H I
Population Sample location and code Number  Longitude Latitude  Flower type Collectors Collection date

POP1  #riT kHE Ll 10 121.09< 27.49° i<k B— N, dah 2017.01
Daleishan Island, Zhejiang (DLSY) Single Duan Yi-fan, Zhu Hong

POP2  WiILFgRE&(=4E) 10 121.10° 27.46° i<k B— M, 4eak 2017.01
Nanji Island, Zhejiang (NJD) Single Duan Yi-fan, Zhu Hong

POP3  Ligsm]ly 10 121.77° 3159° ik FR%E, B— L 2017.02
Chongming Island, Shanghai (CMD) Single Wang Xian-rong, Duan Yi-fan

POP4 jEEFEY 9 119.77° 25.44< g FBE, FERE 2017.02
Pingtan Island, Fujian (PTD) Double Wang Xian-rong, Wang Hua-chen

POPS5  #Rgiii 10 117.52< 24.54= LR EWRw, FHER 2017.02

Zhangzhou, Fujian (ZZ)

Single Wang Xian-rong, Wang Hua-chen

PCR MasterMix (TsingKe, Fix{) 12.5 ul, L FiiF5]
)% 1.0 uL (GenScript, 7 &), DNA AR 2.0 ul, 5
Ji F ddH,0 8.5 uL #M5%. matK f] PCR ¥ B4 27
94 C AR 3 min, #RJ5 94°CAEME 30 s, 41°CiE K
45's, 72°CHEAH 1 min, & 35X, fx)a 72°CLE(H
10 min; trnH-psbA ] PCR #4527 hy 94°C FiAs 1t
3 min, #RJ5 94°CA1E 30s, 47°CiB-K 45, 72°CHE
1 min, ¥ 35K, 5 72°CILEM 10 min. =4
28 1%35 TR RE I FRICRIN G4 S 32% 2 R o 4 i A
YR AR TA SN, FEASST ABI 3730XL
WF~F & AT IE R .

1.3 BEEAHr

FEIRAF 1 B EE [R5 410 43 il 4E BioEditor 7.0.9 #X
R4 ClustalW BEHUEATIRAC S5 T LRI A A
SequenceMatrix 1.7.8 A48T AT XUEE K 7 471 (1)
Pt#%. FIH DNASP 5.10.1 B4 TES 41 /Y
FROE 0T, BFESTH A Y (haplotype) £ & (h). F
Bk R % 57 % (average number of nucleotide, K)-.
PR 2 BV (haplotype diversity, Ha). %R FE
P (nucleotide diversity, 7)+ #1E b REU(Gs) « FERTR
(Nm) Z 38045 2 FEVEFE R DL SR RE D s Bh &S i v 1t
58 (neutrality test) F12% C 43 #fr (mismatch  distribution),
FEAR L RIER A Nm= (1/ G~ 1)/ 2R34Tl 5.
H Arlequin 3.1 BAFMGEAT 43177 2253 b LAFI A 57
ISR IE o 1 ] PermutCpSSR 2.0 % 4441 (http://www.
pierroton.inra.fr/genetics/labo/Software/Permut/) 4 [
U G itk (1 000 7 2 B ) U A st A% 70 ik 2R 8L
Gst M1 Nst,  PARS S 7K Al 2 75 47 75 3 58 B 4544 A
F GenAlEx 6.503 # {1 18I7E Microsoft Excel 2007
HFEAT Mantal 56, 53 B /K AU 4 35 4% 2R B 5
P PH B A& 75 A7 70 Hh B BE = (isolation by distance,
IBD){E H . 7£ Network 5.0.1.0 Zf4(http:/Avww. fluxus-

engineering.com/sharenet.ntm/) Fp 32 T~ 5 K ] 29 7 J5
T Y R A 2R 42 X 2672 (median-joining network, MJ)3k
AR A 21K, FH7E Adibe Hlustrator CS6 4k
PR AT A A R S E sl . 3R MEGA 5.0
BRAF 9T 2 LA 292 (neighbor-joining, NJ) AL
R R GR B, R bootstrap (1 000 X H
52 B M) LIRS0 JRR 5 0 L BB

2 R

2.1 FHZEREBERIT

P~ cpDNA Btz a7 51 e B 1. 443 bp,
G+C & &N 33.10%, il 8 Mg RAr (7 A
B 25 B A LA AL FoE LT 6 M HAE
7 (haplotypes, Hap1~Hap6), /4 matk % b7 ({45 53
A7k 673, 767, 801. 807 #1809, trnH-psbA X}
I8 fRAE A7 1508 906 1 333 AT 1 383, HRHEMIFH IR
W, DUk A AL (Hap2) A7 T 5 45 24 oA X 48 s,
ViR 5 AN FR B AR 1 LA 2 A Y, TR B A
252 ) 2 BRI 4R S 7 Ab HE SR
ERRATE L X 2).

2.2 B2 REIEAL

M 3 AU, BRI AR LA R 2 R (Ha) N
0.363+0.086, 1% EHLZ 1 (x) /v 0.000 49+0.000 19;
FEIBAE ZREMEACE, 5 AN R AR VR R
11 U5 (DLSY)> “F- & & (PTD)> i & & (NJD) = & /i
(ZZ)> W] 15 (CMD).

2.3 kBN S

M 4TI, PR PR A R R s, HLAT
BREARE R IERIALAR > 45 40+ 77 257 5T (AMOVA)
SERRH, AN T B R 91.98%, ik
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Fig. 1 Distribution of cpDNA haplotypes of five naturalized Narcissus tazetta var. chinensis populations in eastern coast of China

# 2 FET AR matK +trnH-psbA J32 51 117K A 6 A A 7R e (AR SRy s

Table 2 Variable sites among the six haplotypes of Narcissus tazetta var. chinensis based on sequences of chloroplast matK +trnH-psbA

L2 7 matK trnH-psbA A A B
Haplotype 673 767 801 807 809 905 1333 1382 Number
Hapl A T G T G o T G 2
Hap2 G * * * * * * * 39
Hap3 G * * * * G * * 4
Hap4 G C A A T * * * 1
Hap5 G c A A T * A T 1
Hap6 G * G * * * A * 2

* AZBREEAR A5 5 Hapl AR

*: Variation site of the base is the same as Hap1.

3 5 AN AANA AR s 1 2

Table 3 Genetic diversityof five naturalized Narcissus tazetta var. chinensis populations

ik L ZEVERAE THEHBRERB () AR R BeEF B FETE
Population Number of haplotype umber (_Jf polymorphic Average nu_mber of nucleotide Haplotype diversity Nucleotidediversity
sites (S) differences (Ha) (m)

DLSY 3 2 0.711 0.6224+0.138 0.000 49+0.000 14
NJD 2 1 0.356 0.356+0.159 0.000 250.000 11
CMD 1 0 0.000 0.000=0.000 0.000 00=0.000 00
PTD 2 6 1.333 0.378+0.181 0.000 92+0.000 69
Y4 2 1 0.356 0.356+0.159 0.000 250.000 11
JF Total 6 8 0.711 0.363+0.086 0.000 490.000 19
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Table 4 Genetic differentiation coefficient (G, under diagonal) and Gene
flow (Nn, above diagonal) among five naturalized Narcissus tazetta var.

chinensis populations

Pojjlgt:iﬁﬁfode DLSY NJD CMD PTD Y4
DLSY - 12.000  4.222 4385  4.000
NJD 0.040 - 4.222 4454  4.000
CMD 0.106 0.106 - 4808  4.222
PTD 0.102 0.101 0.094 - 5.445
Y4 0.111 0.111 0.106 0.084 -

FEAR S 1 = BRI [ 48 £ (Fs)) 9 0.080 22, ¥
A IA] 8 A% 23 A 99 (36 5); 383 1 000 R E A i1 5
SRAF RIS AL AL R EI(N<=0.020< G=0.031; P<
0.05), FRE/KATEYIFRAK_EASEA IR IAI0E R 45

% 5 5 NKANALHEAR 197175 Z2 (AMOVA) 2 Bt

IIKAL Y A T A ] ) 353 £ PR (Ger) 5 L B B B8
(Km, EERXFH0FE A ) H B 1) Mantel 4836 45 B 3K 9,
Wi 2 i B R &M X & (r=0.929, P=0.02<
0.05) (K 2).

2.4 FHAET RN

396 5 e 6 AR 2 T 0 T HE U K AL AR T
Sk F I8 H A Tajima (1) D 45 £RUA] DL s K
BF ) ROBE B AREE R, T Fu (1) D™ aE 2200 4
IR LR . AR EE R, PRI
MR X (D=-0.165 395, P>0.05; D*=0.590 83, P>
0.10). [A, #EECS A0 73 Hr (MDA, WLIME 5
SE A LA B 1R 000G fh 28 45 SR R B KA TS
BT PRy R R, BRI I R R ok
2 g sy ik (E 3).

Table 5 Analysis of molecular variance (AMOVA) for five naturalized Narcissus tazetta var. chinensis populations

28 S AR H ISYiE AR5 T % I 2%
Source of variation Degree of freedom Sum of squares Variance component Fixation index (Fs)
Akl Among populations 4 2.461 0.028 94 8.02 0.080 22
B4 Within populations 44 14.600 0.33182 91.98 -
SN Total 48 17.061 - - -
3.50

w
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y=29973x - 0.4533
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Fig. 2 Mantel test between genetic distance and geographical distance of

naturalized Narcissus tazetta var. chinensis populations
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6 LA B ARy 2 MG RS, Hapd 5
Hap5 A — K30, HRBMERE N — K3, il
X HF 2 (bootstrap) 735l A 80%F1 88%. H H Hapl.

1741 Expectation value
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Fig. 3 Mismatch distribution analysis for 49 individuals of Narcissus tazetta

var. chinensis
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Fig. 4 Phylogenetic tree of six haplotypes of Narcissus tazetta var. chinensis.

Data above branches indicate the bootstrap values based on 1 000 replicates.

NEREEERRE S, MR R R Y E T %
023251, B cpDNA [P HIAE S gE B, WAk
E, WEEWKAD S 2 FEKFEUC, X517
AN RAPD %5 HoAthbric T B AT 7t &5 S — g5 1T,
Mantel £l (1) AH 5% 2 2088 m HIA B 2 25 /K (r=
0.929, P<0.05), fF&HhFRREES 1BD B2, A1LHEAAK
BT BE B A M B R B R 2 2, R T ) (R
PRGBS O O FP R R 5 B pE R . 4
e e ARmI FE R B, KA 3 A [R5 = 35 Ak 2,
FE B ARIRBL R KA R B8R LA BE % 25 58 vt 1 )
BRIEMEE T, KERERENM, SR KERT
AR, fE1FEEEN TS KT R . A
W T (1) 93 7 5 22 95 B 45 TR o KAl B R AR 5
F R UE TR (91.98%) . BEAL,  AKALAR KL M
s A B30 R IR TR S AR B e T e AR T K
AFRFF AR ASIE B, T A AE A IE A SRS
58 Z1 (10 X5 TR R T B0 I S PR B o R
BEHLSE N HE IO ORI T AR 4% 2 R
FEIAE KA P E R I A R R iE AN [ AR
TERC T AR A= 245960, A=A FR 24 (isolation by
ecology, IBE)fF HIAE4E AT LI P e A% 4344281,
AN TR 70 389 3% B A 4k 7K Al 78 3 [ A7 78— 2 1) dok
AR FRFAER, BRI S OE T g it, adrtt
BT REVRIE 44 505 8 AR E R IE 2 5,
IR B KA B A RERR N FESE KBRS
— PSR IR . T 455 A S cpDNA HL5 1Y
A RE (B 1), SRR SE LA EAA B
A, I RIRE I B S RS e R s, KAL)
T AT REAT-AE 3808 b (local adaptation) B % ; /KAl

T P IRIR VR Svb i 3, AEFRE 4R
IFAE AT, KAEILIS(DLSY) & H 2 MAA Bfs i
SEHBME GG HT S —, XTReR T H
Hhy kb i R 1 B [ 5K G 1 SR AR AP XA 4O IX P R R
#, EXRZK S LETREEYX R R
fiE, ARG IR R X R 3 TS BRI SR [ 7K FVS,
% S5 A AR TR BT B VR AR S S AR R B,
KAE L5 B A & B AR AE K HoK B B3
& 5 IR RIS B AR IR, AT AR AR A Ll A
WP T EN . BREBIE, ZER S 54
() e B i (NID) L = — /> H £ 1Y (Hap3),  H AR PR
(Nm=12.000) 5 1+ 184% 73 46(Gs=0.040) 5 /)y, AHEL
B AN S S BT ISR R R T EIRTEY
PP st fE 2 REVERUIR,  (E KL S A ] (1)~ 35
FEDRIALSE) >4, LB ] 1) B PR R 8 K AR (3R 5),
SERMEHEREKE N, KRG RSB
A= 4). WRIFLFRAEE VIR, &R LR
FARTTRE 5 7 s il B [ NN 2 IRFERRF A%
DA,  RUHFARNT AT REES B M AC T M4 cpDNA
BAERI R A 2 R B, PR (PTD) 5 H AR
IRIRISEL R RART e, AR A1 KAl TR o B
A2 E A R IR, R e A eSS ER
BT AR, 5 R 43 B 4l (A8 SRR AN A 32,
A REAE O KA A R A5 5> T HLHEF
BB 5T, (HTERE B T N REPRIE S0 X KAl s
& 3 Ak JR iy R B R B 5

H AT fE R E KA T3 L, 355 ARk T B
W, A e SR ST, HEOAA
3, ARBF AR B AN, SRR
T FL T 7K AL AR el i A B ) LA A b gt AT
FAZPAFTHZER, KT EA, 0 FEF
HEREIR . 0 PRI S ) R, T8 7™ B 1) 20 K AL AE
PV BT RRSE A RIS, R, TR R E VKAl
VR T B0 45 RN A% A0 5 1A AT 7 3 7 3R 75 S A 1
fE2E S B AR L BN .. A ARLZERA THE
Yoy Tl RHBR 7, B OO IR E 2R I K
fili 5 MR VLT 49 AMFEAIEAT AL 2 PRI
WK AT, R0 BB T 2 Fh e X 3 R B b s A
MK S 22 A0 A0, R TeEEA BT T — 5 KAl
FIRFH IR EIRE TR . [FFELAFE B &
AKAL IR KA LI A ARER , B T B4 18 £ cpDNA
PRI TUEYE, VAR N A ] AR —
ANRRIR H B R R B s A A RS, HATER
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