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TR ZHRT, FEKY FEFS FHRE? BEL AR

(1. PEEARL R bR AT, B2 6500005 2. MO ikl 22 SHOR AR, KD 410004; 3. iRV R M S 22405, Kb 410128)

WE: N T oA AR =F(Magnoliaceae) B A fHA TR 13844 Z M, FIFT ISSR 2 FARICH AR 48 FlR 22 BHEF AR R4 %
PHATORT . A5 0K, 10 X5 3Ly 3 151 5%, SN ERMEAT, ZAMRN H 0% 100%. G 1 0 45 1 5 5 4L
(Na)4 2.000 0, A 2507 IEFIH(Ne)y 1.564 5, Nei’s JE K ZFE%E4ES(H) 0.337 9, Shannon’s {5 2 48%(1)4 0.510 1. 5L
Al 2 BT H(H) o 0.368 0, JE@IAIFEE B REMEFEH(Da) 0.251 9, 5 68.4%, FEK 731k RE(Gst) N 0.684 0, FERFE(Nm) A
0.231 0. UPGMA 4345 48 Rl 2 RHEMIRI N N 7 A0, S XM R ERE—ik, MR FE B R 1, K
% JE kb (Magnolia rostrata). 2 2 2% (Michelia flaviflora) 1Bk 15 & 22 (M. sphaerantha) 7] 85 4 2 7 4 A 22 BHE Y b 59 JE 4G b
48 PR = FBHEFAE R SR B B m AL ZRETE, (RB R A e, BRI, RS EIEAR R, RBGER S
KR R RGAFAE L, XM TFACF AR ZRAED R AR 25 2852408 T B B AR 4

B : ISSR A Fhrids AR2Rh ML ZREME: R4

doi: 10.11926/jtsb.4161

Studies on Genetic Diversity of 48 Wild Species of Magnoliaceae in Yunnan

WANG Meng!, PENG Ji-ging®*, CAO Ji-wu?, CAO Fu-xiang®, LI Jiao-jie?, XUE Chao?, WU Yi?
(1. Forest College, South West Forest University, Kunming 650000, China; 2. College of Life Science and Technology, Central South University of Forestry &

Technology, Changsha 410004, China; 3. College of Landscape and Horticulture, Hunan Agricultural University, Changsha 410128, China)

Abstract: The genetic diversity of 48 wild species of Magnoliaceae in Yunnan Province were studied by using
ISSR molecular markers. The results showed that a total of 151 polymorphic bands were amplified by 10 pairs of
primers with percentage of polymorphic bands for 100%. The total observed number of alleles (NJ), effective
number of alleles (N¢), Nei’s genetic diversity index (H) and Shannon’s information index (I) of 48 Magnoliaceae
species were 2.000 0, 1.564 5, 0.337 9 and 0.510 1, respectively. The total genetic diversity index (H:) was 0.368 0,
and the intergeneric genetic diversity index (Ds) was 0.251 9, accounting for 68.4% of total genetic diversity
index. The coefficient of gene differentiation (Gs;) was 0.684 0 with gene flow (Nm) of 0.231 0. Forty-eight
Magnoliaceae species could be divided into 7 groups by UPGMA clustering, which were not consistent with the
classification of genera, each cluster was included species of different genera. Magnolia rostrata, Michelia
flaviflora and M. sphaerantha might be the ancestors of Magnoliaceae in Yunnan. The 48 Magnoliaceae species in
Yunnan province had high genetic diversity in general, but they had high inter-genus genetic variation and small
gene flow, which may lead to the risk of genetic drift. Moreover, the clustering results were different from the
classification system of Liu Yuhu. So, it would provide an important basis for the origin, evolution and
classification of Magnoliaceae at molecular level.

Key words: ISSR molecular marker; Magnoliaceae; Genetic diversity; System evolution

e I 38: 2019-09-30 B2 H#: 2019-12-23

FEETIH: WirE4 I S AR (2016NK2143); Kb BRI H ¥ i

This work was supported by the Projects for Key Research and Development in Hunan Province (Grant No. 2016NK2143), and the Projects in Changsha
Science and Technology Bureau.

EH I £54(1980~), 55, UM, WEL@PTds, EENFLTMAEY S LA FL. E-mail: 3638963@dq.com

* Jl{51E# Corresponding author. E-mail: pengjiqingl7@126.com



278 P AT ) 22 4R

08 4%

K 2%k (Magnoliaceae) fE I F 2Kk 2 . HAi),
HAe. R B THEAZHE, ZERE RS
b Z5FAIM F ) B Y IR, BAEm A5t
PR . RN, ARZRHEY) IR TE N4
FIE 72 AE AN A5 77 T #E Vi 22 R AR AIE , $0A A
SR TR I JE AR A, RN AR E AN Wk R
AL R, TERIF T R S YR AT 3 A T R A
B ARME . KILLK, fEAR R IR 56
FIRAAEAE N B BEE R ORI, A8
FPAMA A AR A S B RO S, MR 2
MR AE R AR 22 BHE ) 73 K AT T K& B 78 2,
b > T AEW MK &, RFLP. RAPD. ISSR %
Iy FRRCHE A8, ndhF. matK. trnL il atpB %%
7 A1 DL R - Ak ik DR] 4 ) e CRS155 8 43 T2 A
H s NG KRR 2R R G0 28 e R Gu A i it
T B

ISSR 73 FHRCHARSRAE SSR 43 Fhric (f) F:fil
bk AR — M Y AR T VAR, TR 5
FR S P e b2 N o I LS T SR 18
Tl #ré & (Photinia) FE Y 58 5 6, 5167 73 R4 R
— 3 ZEUE1OIZE X A & (Phoebe) i 420 5 5 I 1) 43
Mra& B, [ 48 (P. bournei)-5 #i 4 (P. zhennan)sE 4k %
R, REPTA IR AL A
(Asimina triloba) ] 13 /™ s P J H Y[Rl 28 2 A0 6 4>
PRI 48 ANFERL AT I AL ZFENE 0T, FEARIL R %L
9 0.91 MbHIERBELE R G AN K8 XIR5EFREY
7R 3N A X ) 135 AN 5 R B A (Armeniaca
vulgaris) S A= i Z A% o Fh ol B R B 75 15 101 F)
FH ISSR RN 5 AN i 4E i 47 (Tulipa gesne-
riana) i FHAT 19 ARG A AR w Mgk T 20, 45
B A M SRS SRR R B BOR SRR R
B2k PREERO2UTE 2 T 458K & (Hydrangea) 18 4 15 1%
ZFEVER SO R SR T, TR NG ER(H.
macrophylla) fl[F #E S5 ER (H. paniculata) i #0455 2
BET AR . T I, ISSR 3 AR BOAR A e AR
Vi s it 1 R .

25 T B WO AR IR 2 LA W 1 8w B IR
H, YOI TOREAR ZZRHE Y B 2 B AL R,
TR =RV E) R FFhiiHh, fERRAR 2 RHE
VIR AN RS T N R A R . AT
FIH ISSR 73 FARiCH AR XS = B8 A = RHEF A M4
BRI g AL Z AT, R R = R e VR,
TR ZFHEWEFISES R R, AR ZRHEY

WAL AL, AR ZRHE) R G AN 7 R fit
(S

1 FRRI %

1.1 et

MRPESCHRICE A AMA R, E B A A
== FH(Magnoliaceae) #7 A= 1E4) 48 Fii, FEHAHEYIA 1
DB A i, B RE SRR 3 BRI R AR KOIR I
RAUF. RO B HAGAE Y e e 8 m i 4
R ANRERE, BT E BN B S A
TR, K armlseag s, BT -70°CHRIRIKEE T
A% H .

1.2 DNA A

A 24 A ) L R 2H 5 DNA SR EBCE I RAR A4
FHE (AL R0 A BR ST A A A R R 21 DNA $2HGR
FIEBEATHREL, 25 1%F0 55 6 BB v Ry 00 AR A%
R AT OGREEDNSE 5, A5 BE SRR 2 30 nglul,
RAET—T0°CUKEH, & .

1.3 ISSR-PCR ¥ 1§

A EHE L RS2 et 6 100 26514, i B
AT EREREBTEREE. FHHES. BTRIE
M\ oA 2 SR 2 5 E A9 10 SRS TR =
FHED B AL ZAEIERT T (R 1) 34K R ISSR-
PCR " R [ ¥ 2B 40 RE R, Ky M4 1%
B ERE FB UK 2 B, AR R R G A
sl P R K PR

1.4 RSG50

R 35 DNA 580, o e B A i B i g
2% B AL BRI /IN, T I AT ERA R SR Id o<1,
PR AN BB 2 i <07, S EEE . FIA
PopGen32 # it Bt i Z Fetk e, FIHAE
AR B2 (UPGMA) J7 1 1 MEGA 6 #0133t
TR T

2 SR

2.1 ISSR-PCR ¥ 4R
10 & 519%t 48 AR = BHEY) 1T ISSR-PCR §™
WK 1), yE4ar /NN 180~3 000 bp. 10 25514
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Table 1 Informations of ISSR primers

519 FF 3 m IBKREE (C) P BB Total number £ ATESATEL Number of

Primer Sequence ("C)  Annealing temperature of amplified bands polymorphic band
UBC810 (GA)sT 50 51 1 1
UBCB817 (GA)sA 50 50 13 13
UBCB818 (GA) G 52 51 16 16
UBCB836 (AG)sYA 50 51 16 16
UBCB843 (CT)sRA 50 51 15 15
UBC844 (CT)sRC 50 50 17 17
UBCB845 (CT)sRG 52 52 14 14
UBCB848 (CA)RG 52 53 16 16
UBCB876 GATAGATAGACAGACA 52 53 16 16
UBCB895 AGAGTTGGTAGCTCTTGATC 50 53 17 17
it Total 151 151

I 151 K (R 1), BRI T Y B A AL
B9 15.1 5%, ZHMEFN 151 5%, 2HMAEDEN
100.00%, FKHIIHEIER] 10 5% 51 A BHF 2 51

2.2 BEZFMES T

F]F POPGEN 32 #f4:-% 48 Flt = 7 4 A 24 LT
AR TR A 8 AR 2 R EAT AT (R 2), A5 RR
B, IX LRI 2 360 5 43 #(P)2 100.00%, W
048537 3 PR K (N2) 9 2.000 0, 5 R A7 F2 R B0 (Ne)

bp M 1 2 3 4 5 6 7 8
4000

2000

1000

6f

S
(=]

400

200

9 10

11

79 1.564 5, Nei’s & [F £ #1445 £ (H) /v 0.337 9,
Shannon’s 15 B8 2(1)4 0.5101, KH = FEH A=
FHEF A ) 00 0R B BOs R 8A% 2R SR
FE &P R & 22 8 (Michelia) . K 3% J& (Manglietia)
IR 2% J& (Magnolia)#h, H4r 6 J8 R REEH] 1~2 Ff
Y, R R oM 7 ERE. RERBMARZER
BEZ R 3 BRI RGBSk 2, &
B . A B IR 22 8 B AL M X o= i PR 5
HAG B R R

12 13 14 15 16 M

17 18 19 20 21

L1 PR T

] 1 ISSR-PCR #1413k 8. M: 200 bp Ladder DNA Marker; 1~21: 21 FhiA 22 RHEY) .

Fig. 1 ISSR-PCR amplification electrophoresis. M: 200 bp Ladder DNA Marker; 1-21: 21 species of Magnoliaceae.

R 2 BRI R 2 AR A

Table 2 Genetic diversity indexes of Magnoliaceae species in Yunnan

J& AT ISR Total 207 AUEEL Total number
AT L P /1% Na Ne H 1
Genus Sample number  number of amplified sites of polymorphic sites
%)@ Michelia 17 151 143 9470 19470 15082  0.3092 04707
K% Magnolia 8 151 141 9338 19338 15344 03209 0.484 6
A JE Manglietia 16 151 142 9404 19404 14629 0.2878 0.444 6
St Total 48 151 151 100 20000 15645 0.3379 0.5101

P: ZAMAE A, Na: INEALIEFEG Ne: AR EREL H: LRI ZFEVESREL 10 Shannon £ HEVEFREL.

P: Percentage of polymorphic loci; Na: Observational alleles; Ne: Effective alleles; H: Nei’s genetic diversity index; I: Shannon’s information index.
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2.3 FhEERBIEHEAL ST

WRIEXN LT KRGS, ZEKRER 9
J& 48 P B A R W R L TR 2 BEPE SR B (H) N
0.368 0, H @ NHEFE ZFEE(Hs) A 0.116 3, J&[H]
R Z M (D) M 0.251 9, J& 1] 13844 38 5 1 68.4%,
JE& N L AR 0 31.6%, @ A4 R KT R N AR
S, A TREAZRN 2 5. ERMMERE(G)ON
0.684 0, KX K/ ARG & B A EROK st
et JEIAEE R (Nm) A 0.231 0, /T 1, K
RS B A HE R, 25 5 ISR,
Jl JeB T 38 4 A o

2.4 BAGABBUE R HSRGR AR

FIF] PopGen 32 #A-E%F 48 DB A LE}
T 2B BRI AT 10 A% PR B IS AL — 3 i, 13
fe—5% N 0443 7~0.7152, LS N 0.335 1~
0.812 6, “FHif L By 0.535 0. K HASE (Mang-
lietia grandis)-5 U J1| ¥ %€ (Michelia szechuanica). =
B & % (M. yunnanensis)-5 't H- 8L B4 A % (Parak-
meria nitida) [&] [F84% —BU% #15(0.715 2), SRR
R, FEAKUGIR . A B A TR 85 7 TR AE AEAH B
P . EEF K =% (Magnolia odoratissima) 5 4Ll & 26
(Michelia lacei)iftft — % i 52 11%.(0.443 7), K154
KARIE, WUILRFAERKNZER, BEREZAE
REUNEAR, HHETE, A6, 5, BE
PEEARTY . HEE &SRR, MBI, fEE G,
RIIEE R

HT UPGMA M 2 F A AR =8 48 By A4
YRR SE G R R RCIREI (B 2) BB R 55X &
W RRGAERNRER, FEARREIEFE &Y
FEE—JEHE, HPhJE sl e i 8 i 78 5 2R h AH ]
I3 o ARIEREIRIE AT 7308 7 KK, 405309 1 253 F).
[ESrE I NEESCE I NVESCEDONAESCE DR
VI (6 FFT VI 25(12 Fh), 28 1 A0S KB E AN
(Magnolia rostrata). % ¥ 7% %< (Michelia flaviflora)
FIERAE & 5 (M. sphaerantha); 2 Il REAEGH &%
(Michelia hedyosperma) F1 i % A (Tsoongiodendron
odorum); & 1l AL $5Hh G A = (Magnolia meng-
lunica). £ (M. liliflora). 2 & 1%, HEHA
(Manglietiastrum sinicum). 3% ¥ 5 % (Michelia
balansae). 1t &%(M. floribunda). 4 &% (M.
foveolata). %) A% (Manglietia miechangensis);
IV R EFEL LA (Manglietia insignis). R ASE

(M. chingii). JEFEARIZEM. forrestii). | FIAIZEM.
tenuipes). A 3E(M. maguanica). B FATE (M.
ovoidea). 3} % (Michelia fadouensis). *H:Tl & 2%
AU 2% (Magnolia sargentiana); 55 V KR35
BKS% (Manglietia ventii). 5= ASZE (M. lucida). 1]
VEARIE(M. duclouxii). A% (M. fordiana). il k>4
(Magnolia delavayi). “F% %€ (Michelia cavaleriei).
LS (M. fulgens) FI4H €475 5E(M. foveolata); 2
VI REFEI )&%, I 2% (Michelia doltsopa).
KA., FHEAEM. rufibarbata). 7 FHLEAME
K 2% (Parakmeria yunnanensis) FlELE A 24 (Magnolia
campbellii); 55 VI AT 5 R 2 /N, 565 1 /Nl
£ 2 B9 5 Mk (Liriodendron chinense) . % & &K 2%
(Magnolia coco). 2.0 & (Michelia martinii). =
B L MR 22 R K K 2% (Alcimandra
cathcartii), £ 2 /NHELEHAE 55 (Michelia xan-
thantha) . & % K (M. baillonii). k22 3 & 22 (M.
chartacea). #148 A 3% (Manglietia crassipes). &A%
(M. aromatica) Fll K- A% (M. megaphylla).

3 LT ie

3.1 BIEEZFEE

K ZRHAY B AL 2 FE KPR T AR 2
W REEMNEERE, AR ZRMEY)IE N A
(PR A4, TSRO A ISSR brid B AR
FTARZER 6 I8 20 MiEDRIEHL 2, HEE
B35 7 2> (PPB) N 100%, Nei’s JE K ZHERE (H) Ny
0.347 7, Shannon {5 2. 45%k(1)y 0.521 8. Hua %%
%} JE £ (Magnolia officinalis) ) 28 4N il 666 M4
HEAT ISSR 44T, 45 JL % B PPB 4 83.2%, H 24 0.342,
2= 51| S} 20 PR 24 b SRAB AT T ISSR 4347
PPB & 99.04%, H 5 0.5600, | 4 0.3800. =&
48 MR ZRHEYIEIET 9 B, ittt Zrettet sy
A SE AT T 25 IR —5L, 5 Hua 55212
SIIEBIRIE FL 8 K22 UK, nIRER 5FE N CREEE
BRI, AWRKET 98 48 FoRZEHEY, S5
TR SETIR R A R I, TE AR AR IR 22 RHE
YIRS Z e . AR IR 281, A X BN
V2R PPB DN 67.8%.  ULIN&E 7 LR i (Na)
211, H N 0.257 Fll Gy A 0.228. AHFFL4E KK
W, ~MA 48 MARZRIEF AR I PPB A
100%-. H ¥ 0.337 9 fll G 4 0.684 0, ¥ T3
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Fig. 2 UPGMA cluster map of 48 species of Magnoliaceae in Yunnan

8, 1M RA Nah2.000 0 FIET-PIME, ARZRHE
YIHERT Ak, sk 2R T O T A A
Y, XA eSS AR R REA & R A AL,
b F AWz FHRKKR.

3.2 FhEEIR] B 1 4k

T T8 A 5 (1) /) R REL A A 3 s R B M
ARG HEL BEHRR. HENBRERRIERD, M
T 1) P 208 A% 20 AR B2 ] AR 98 3845 701k R Gy ik
AT IR, 24 Gy>0.25 B, FonFhEEA A IEH =
SRR o RZEFH} 48 FAEMIIIEAL 734k R AL Ga N
0.684 0, =T NybomBUZ: i1 (1) 5E T ISSR Fric HIHH
YIoF-¥) Ga (0.34), HAT 68.4%M i f£ 4% 53 K AEAE

JE& ), 31.6% 1A% S i AT J& P, i [a) AR S o) A
AR 2EBHE P 85 AR S TRk AR O, SRR
FBHEY) & 7] 2 A R 58 1 8% 2 L& . Wright0
A1 HamrickPSHA Jy, AP LRI N =1, I RE
RIEHRAAEH : RN R A B AR T2 T8
FREEEAE L R EH . =M AKZFR 9 &
A8 Pt AR A A BT IR A R PRI N 0.332 4, WEATEY)
il O e P i I e o vl A NP A |
BATTE — BRI AR, (HA 2 LAHE ] 8 P
AR AR 51 AL AP 1k . A 2R [R] AR
ATRER T ARZRHEY A E R, SFEAR
FRAE T AR Z R AE BB R JIAE KN E 7, &
58U W) 8L 7
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3.3 EHMIPIELRFZ

RIFEXN ERH R ARG, =5 48 FhoAR 2R}
T IR R T AR & SRS B R A,
KEFHEVMBTEAER. BEARE. K2E. Blp
PERZFAMKEA LR SEEEDARESERE.
HRABAVEAE . AN UPGMA F4h R
X EER SRR R ER, FREHEYHR
RN—K, MBS F A B R AR ]
A, SRR KRR & A A7 7R W & R A2
XIE, XA[ReRH TR A A L RBHE AT 732
2 LUESRHIE AR, 108 A RRE 2 H 3845 JL Al A
HPRIAEEILEEF UE 1, 5 Fhnic s R 244
BT AL IR A UM, S RESRBIAR 2 RHEDI )
ARG AR . AN IESEH H RAPD #T ISSR 43
FhRin A 745 AR AR 22 B A& R
YIEREFEIS, Qiu ZBIFIF RFLP FricfiA
XA 22 BHE I 444K DNA [RRIF 98 45 5 8 IR 22 &
H&%Ea2E XIS, Hinsinger 253305 ] 52 - 43
EER AT F A F s R R A AR 2 B & KR
A XIS . XERIAA RS &K R BA I
RGKRFR, B, WKEELTA AR AAE A 22 g A
FE R R o E EAR R A A /L . Nooteboom B 42
H B S (P AR R A TUAE T AR B b, sk
JoR A AR TR [P0 A B4, T B S S o AR 2 AR
ST R oy B TR SR O 53T, Si ok, K2R
EREE U, SHAMEEYIIAERLX, 1]
BB TZE L F A FE TR 22 RHS & 1 3L R RRE
e, TR INITALIER T HAME R T AR ER}
TE DG T A0 N 0 8 1) LA AR R B AT, [
g 8 A i (RS AR B S0 B 9 N R 22 S (1 )5
Ko KMJEAM, RS EMERIE S E R i
Jei oy, PIRERARERMEY R E LG, KA
BHEDI IR S 30 A EEAE .
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