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Study on genetic diversity and differentiation of
Panax zingiberensis C. Y. Wu et K. W. Feng

Wu Li-Xin"#, Gong Xun', Pan Yue-Zhi'*

(1. Key Laboratory of Economic Plants and Biotechnology, Kunming Institute of Botany, Chinese Academy of Sciences,
Kunming 650201, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)
Abstract. Panax zingiberensis C. Y. Wu et K. W. Feng is a perennial herbaceous plant
belonging to the genus Panax (Araliaceae). It is an endangered species mainly distributed in
southeastern and southern Yunnan, China. Like other species of Panax, P. zingiberensis
(otherwise known as “Yesangi” ) has high medicinal value and is used as a substitute of P.
notoginseng by local people. In this study, the genetic diversity and genetic differentiation of
P. zingiberensis was analyzed using data obtained from five DNA fragments and 12
microsatellite ( SSR) markers. Results showed that the total nucleotide diversity of P.
zingiberensis was just 0.00068 at the species level based on the combined analyses of four
chloroplast fragments ( psbA-trnH, psbM-trnD, rps16, and trnL-trnF) , whereas the nucleotide
diversity of nuclear ITS (P, = 0.01011) was high. In the 12 polymorphic microsatellite loci, a
total of 89 alleles were identified, and the average number of alleles per locus was 7.417.
Compared to other Panax species, P. zingiberensis had a relatively high level of nucleotide
diversity and number of alleles. At the population level, population JG had the highest
nucleotide diversity and number of alleles, whereas population JC had the lowest. AMOVA
indicated that genetic variation among populations (55.03%) in the cpDNA fragment was
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greater than that within populations (44.97%). However, for the ITS fragment and SSR locus,
genetic variation among populations (30.23% and 35.90%, respectively) was much lower
than that within populations (69.77% and 64.10%, respectively ). This indicated that P.
zingiberensis had a certain degree of genetic differentiation at the species level, but it was not
significant (P = 0.01 or 0.05). At the population level, based on genetic differentiation indices
(Fy', Gy (Nei), and Rho) inferred from SSR data, population JC exhibited high
differentiation from the other four populations, whereas no differentiation was observed among
these populations. Structure analysis showed that JC and other populations were clustered into
different genetic groups, respectively. Combined with phenotypic characteristics of the
samples, structure analysis also showed that those individuals with similar morphological
characteristics were not clustered together, whereas individuals of the same population had
more similar genetic components. This study should help in the conservation of wild resources
of P. zingiberensis.
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DNA sequencing

FR =& ( Panax zingiberensis C. Y. Wu et
K. W. Feng) b Tl & ( Araliaceae) A\ Z: )& ( Pa-
nax) Z 4 E R Y], 5B =1 (P. notogin-
seng (Burk.) F. H. Chen) Z5ERIRELH % MR AYHE
Al], 2R =R A BRI R S R R g 22 JOIR
HH/N TSGR ChERZE) | (=
Mt &) ¥l Flora of China*! #yic 8 45 B Fl bz
AR R ZR =L EES M T o m A mih
BB, WEIE . S DO, S AE
AR . FRATTHERFSMIE A v A AN [R] 53 A b a5 —
SEREATE S FAFTE2E R . QR B DL IAE R AR AR —
iR =y NP i EE SRR OS5 8 N (E B s WA N
B, AT S A N N AR R TG, (BT
T AN E A 2R, BARHIE S SHYE
TR DO, AT BT 25 SRR X S AT AR
JE& TR =L mE® . 5 A2 (P. ginseng C.
A. Meyer) fl=-t—#, ZLR=CWEAIEF SV
I, A B B KR AR R,
ZR =L HEYAE N = B 2R =LA T
DRI, R, ZRR =AM gz, i B
T RARTCHIREE, HEFERFEO O 2IEH T
Wi/l o ZER =R Y LT IR 2281k LAk
=-EME A B h =+ (P. stipuleanatus H T Tsai et
K M Feng) &7,
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K % 7 W% . RAPD'™® | ISSR'™ | AFLP'™ Al
DNA A Bt 1) 46 AR F BE kA7 40 M, 1M SSR
SFEEARISM ST RER . Sa%EmtD
PR, ELRTI 7 v5 fAT 5 . AR DNA 75 2 & /b
DL B R fa e v i A A R
ITEEAESRR F SSR 43 FAnic #E AT AR a8t iR 2 A 1
MRS IF B R LY . A 2007 4ELKR, AB . =
L HITGYES: (P, quinquefolius L.) i) SSR 519wk il
SeAr R AT R TS R A i £
REMERFGE R R T N 4 TR T i 2k
LG ZFEEEAR R A N, DR
[F)JE B R ARG ik, ARSI T o/
2R =AML, SRS R B B (psbA-trH
psbM-trnD ., rps16. trnl-trnF) . #% 1TS %t ¥ M
SSR 43 Fhric B X 220k = L i s L Z R K CH:
A AT A0, DABAZ A i B IR LA K
Je SEFF R FHER LR 224K

1 RS

1.1 SZIe#R

PR A Z R AR DL . o4 . SOCHITIIR
X 5 A EHEL T 66 2R =L R (R 1,
Bl1) . MRS A 2 mIX, HrfokH
KA A 2 bk, X 2R =-LRIED 50
b OARGEREE, IR EMMAIESTEILE 2,
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Table 1 Sampling information on Panax zingiberensis

BT RS - EARYa iy . M/ HRZEe AR
5T 5 =] )
Population ~ Sample K%ﬂﬂ“i‘ Altitude and FEAS = Root/Rootstock /it
Sample site . Sample ID Leaflet
ID number longitude type
JC 15 T VIR B 22.586°N,101.862°E  JC1~JC15 E| L BIIE SN /NI TR B TR
JG1~JG3 A AN ZEHOR ANUR LTSRS
JG 22 FLOTENTTE =/ =) 23.498°N, 100.703°E )
alddibs JG4~JG22 EIRBEIAR /AR R
MG 2 SCHH e B 23.016°N,104.393 °E  MG1, MG2 Al AV FEHOR 7N TCHR B 5 T
X1.X2.X4.X9 y
N N N N L7 N )
X15 X16 E|RIEHES7 13/ JINI TEAR BT TEAR
X14 HR ZE POtk UNUR LTSRS
X 19 WHT AR 23.408°N,100.663°E ~ X3.X6.X7.X8,
X10, X11,X13, Rk -
X17 X18 X19
X5 UEIES N -
X12 - UNOR L ETAERS
B ZY1 ~ ZY5 L POk UNURTEETEERIS
zY 8 FLTENT L BTN =N 24.007°N,101.108°E -
kel 7¥6 ~ 7¥8 PIWEYOR N TR T
98°0'0"E  100°0'0"E  102°0'0"E 104°0'0"E 106°0'0"E
28°0'0"N 1 L 28°0'0"N
27°0'0"N - sonl [ 27°0'0"N
26°0'0"N - L 26°0'0"N
25°0'0"N - L 25°0'0"N
24°0'0"N - L 24°0'0"N
23°0'0"N - L 23°0'0"N
22°0'0"N - L 22°0'0"N
e —— — kM
21°0'0"N - 04080 160 240 320 | 21°0'0'N

98°0'0"E  100°0'0"E 102°0'0"E  104°0'0"E 106°0'0"E

B1 ER=EHEHAMIELHH

Fig. 1 Location of samples of Panax zingiberensis

B1 B2
A N TEAREGE TR IR ZE AR LR, BY . /NI B A B2, MZE R i 2R,
A. Sessile or subsessile leaflet and non-ginger rootstock. B1; Petiole 1.5 cm long; B2. Ginger-like rootstock.

B2 Z=R=tmmAmEEEE

Fig. 2 Two morphological types of Panax zingiberensis
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1.2 KWHE

1.2.1 2 DNA BIREL, & FHridHIiFiE &l
KW EA CTAB %™ B ZER =M

DNA, &4 Zhou %57 B 7 0 i 1 1 ) 4 A4 -4

& DNA R B ( psbA-trnH ., psbM-trnD . rps16 i

trnL-trnF) FZ SR ITS 751" #6497 PCR 43 (%

2), FHEEYE A T

MAS @ H ALY FhIF K 19 SSR 5149 i 2k
1240 B L8R SSR 47 117 ] T A 52 16
(#£3), PCR Y MR MIKRZR N, 1 pL DNA £
M, 17.8 uL ByMZEK, 2.5 uL10 x PCR buffer,
2 uL MgCl,, 0.5 uL dNTP, 1E. KIa51#14% 0.5 ul
D) 0.2 L 19 Tag DNA G M, ¥ 38 I v #2 1y
J. QACHIAEME 4 min, 94°C7AE1E 40 s, 57.8°C ~

®2 5|¥FF K PCRIERR

Table 2 Information on primers
ElLY) GlE/2) 1B KRB K
Primer Primer sequence (5'—3") Annealing temperature (°C) Size(bp)
PRI GOATGGTGOATTOAGARATE o2 <00
im0 Pt AT G TTACTICCH e
ps16 rps16-F. GTGGTAGAAAGCAACGTGCGACTT 50 801
rps16-R: TGCGGATCGAACATCAATTGCAAC
it ComTeRaTecaTTIcS e
s F, AGGAGAAGTCGTAACAAG i o1
®3 ATER=LEESHEESITH12NMEIESIYR PCRER
Table 3 SSR-information on 12 primers used for genetic diversity analysis of Panax zingiberensis

ElL7] ElE/2) B KRR KA
Primer Primer sequence (5'—3") Annealing temperature (°C) Size (bp)
R e o
PGTT0 F, COAGCARCOCARACCCTCETC c0 300-315
ST %
AT s
2
T %
TS :
As2s , AATAACGGBATCOGTARGGC o 45400
s R, GGLCACOGGACAAGTOACAA o4 230248
Rs22 F, TOGOAAGTTGOAGAGOATTG o 248 -260
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63.95°Cikk 25 s, 72°CHE 30 s, 3 30 WAHIF;
e J5 72°CHE 10 min, A5 R ABI3770 M ¥ AY
BATEAME YK, B GeneMapper i F2 B "
R B RN

1.2.2 HESH

1.2.2.1 M%f DNA X ITS 3o %

K] DNASTAR #4443 HLi¥) SeqMan #47)F
HImERIEE, FIH] BioEdit #o2Y #4722 FE51 LX)
MFTIHEHE T, FIH PAUP* 4.0010 #4426 4 4
LR P9 T e BG40, FIH DnaSP ver.5.0
L) phase HEAT ITS F¢ 51 1) fii I B8 L35 50 91
HREEZTRZEMESH PE, RH MrModeltest
2.3 B AT R AR AR ) 5 8% 5 R DL 3
¥ ( Bayesian inference, BIl)!®' 43 %%} cpDNA
% TS Bt @ R G, BlJSTE Figtree £ /4
XA R T A R S dnE . FIH Arlequin ver.3.0
A% P i AMOVA ( Analysis of molecular vari-
ance) YIRETHA B A% AR S AE 22 MR = L s B P R
(] 1 73 A 1 O
1.2.2.2 WHIEHBESH

FATHTIA A T A AR S B 5 R R W, kA
ARV A S 2R = EREAR M LA RN
3900 Mb; i PUAE A NS RG22 1 B R 20 K /N oy
5149 3120 Mbb' 14910 Mb'®!; — 4%k =Lk
R4 KN 2400 Mbb' DR I R 41T 4 br 220K =
EAPUREA, AWFFE SSR 3 K 43 1 43 Bt i 5K
TRAHEI

FIF GenoDive ver2.0 #4177 4y il e it
PERIEREL(N,) . ARCEA (A«
WREBE(H,) . MEBAREE(H,) AUEBMZEE B (H,)
G, it b RZECF . Gy
(Nei) # Rho, F' hisith s34 &% F, 09 A XF
6" Gy (Nei) Ry Gy (AHXHE, 7ERA 8 H
BN EMFERPER T, G M Fy 18 SRR
1), TSRS EA Z SRR, Gy
FAKLY F A FE Rho WA Z My Fp 354 5%
ma st AL R, B AT 2 AR AL sk Y
WG R, FAF, R AT AMOVA
I3HT. IR =L 66 AFEAS BY B 2 A B R A
Structure ver.2.24 BB JEAT 08, B K
EI A ~ 5, B4 K{EEH 20 k., #idit5
5 K{EZE Ln P (D) 224k 3 (AK) RAEHT L E

R K1E, AK i3 7E Structure Harvester
V0.6.8 # ¥ kAT,

2 FEREHH

2.1 DNA F 3| SSR i = 451E
2.1.1 MRERHEFIFE

g R BN, ZIR=L 5 M ERE 66 MEEA
(1) psbA-trnH 3 P [a] B X1 )7 51 4 B2 S0 493 bp,
RG] 2 A 20N, ST, 2HTY S
psbM-trnD JER A F XA B 1167 bp, 4G 2]
2NN, Hod A A SRR A, 53 1
FORIEE e, ZHEF S rps16 KA a] XK R N
821 bp, HAGMEIE 5 MM, HpaE3
AT, R 2 B A/ B AL . SR S
trnL-trnF JE PR ] B X 1 3 9104 BE ol 907 bp, L4
I ESIR O A IV S 3 /S 1787 51 N ¢ S B L e 2 SN
HEH, rost6 MEBEHREZS SRR (P =
0.00121), psbA-trnH( P,=0.00063) . psbM-trnD
(P =0.00029) A1 trnL-trnF ( P, = 0.00073) #H %}
B,
2.1.2 1#ZITS FH431E

FER =L 5 M ERE 66 MEEARK TS P&
651 bp, AR 26 NEAME, Hdb A 34
PRI/, A 3 AR T E e, if
A 2L EURE T, AR 18 S A i
eIt , HEHmREZAME PAER 0.01011,
2.1.3 SSR HFHridfiis

12 AN R 5 e 22k =L st 2Rk
O3 BT AN E] 80 NS L (% 4), G FLFEL
B A PG1419, & 47 18 AN 3 R 4L,
AR AL RS36 MY S B S A 2 1, X
12 4~ SSR v i B9 3 A JE R 7.417, i s
PG1335 (MWLM 4% 4 5 A 3E 4= 4 8 1 ok Fe IR A,
I35 H,=0.011 Fil H,=0.023; {1 & PG465 1
WL 25 B A B (L ( H, =0.941) , RS
i A 2 PG1419,
2.2 RESHESH

ARWFFONG 2R =LA RSk Fr Bt AT
G, RBECE S 0P8 S K B 3388 bp,
LA R 13 N EA Z SN, BT A%k
WA, ZRR =AY T LRI IR 2
SHEFEEC(P = 0.00068) , TE/EHEEKF L, fEHf
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ZY(P,= 0.00135) 1 MG( P,= 0.00118) A &1
M2 rv:, HOEEEE JG(P = 0.00044),
JE#E X(P,= 0.00015), Ti&#E JC M HMRZH:
PR (P =0),

BT ITS B9, fTEfKr 2R =t EA
WEN RN EREZEEE(P = 0.01011) , fEERE
KL, JE#E G HAREMEITREZHEN (P =
0.01151), HWZEHE X(P = 0.01127), J&H#
MG(P = 0.00386), fE#f ZY (P = 0.00233), Tfi
JE#E JC 1 15 DMEANEERATIRN AR (P = 0),

FIFH 12 4~ SSR i g Xy 224k = £ 1% 5 A B HEAE
AT TGS R ILER 5, B R BEAS S 3 K 4R
f£1.917 ~ 5.083 Z[H], JERE JG HA e & AL
R, AR MG A SRS R, 51 E
RN ZR & AL 0.417 ~ 0.722 Z ), WIBAE

55 38 %
JEAE 0.458 ~ 0.540 Z 0], B4 & 7 0.458 ~
0.540 &),
2.3 BERREBEHLIH
2.3.1 EREHBHE

A G DL -1 73 Bk 43 56 cpDNA Rl
ITS KBRS, Hras LR (K 3), K
IYREA I F AR T S BURR IR 2 M, R BERYLAR
[F] JE FEREAS ] 135245 OC R . {HJZ2TE cpDNA Jr Betl
R R G T, Sk [T B E R REA (JCT ~
JC15) | FHPLIERERY 3 MEEAS (ZY6 ~2Y8) Fl T %
JEREFEA T MG Ry —32; RIE T E R
ZY1 ~ ZY4 FEARRI MG2 BA—2, 1E 1ITS REH
R BEHDUEREN ZY6 ~ ZY8 B h— /N H RS
THPR(100%) , A TIEREARN—, X
FE%h 86%.,

K4 ERZELSIMEEH1RIMBIEARRESHEESH
Table 4 Summary of 12 microsatellite loci used to study population
genetics among five populations of Panax zingiberensis

A SRR AR L WL 2 A g WA MG
Locus N, Ae H, He H,
PG465 4 2.642 0.941 0.666 0.652
PG628 4 1.583 0.422 0.411 0.466
PG770 7 1.739 0.609 0.492 0.660
PG946 11 2.847 0.543 0.724 0.797
RS12 4 1.282 0.256 0.258 0.323
PG1335 3 1.019 0.011 0.023 0.337
PG1419 18 3.809 0.736 0.812 0.874
PG 1481 4 1.348 0.317 0.286 0.336
RS25 16 2.877 0.772 0.720 0.749
RS36 2 1.156 0.096 0.159 0.153
XS3 5 2.391 0.820 0.642 0.749
RS22 1 3.566 0.864 0.790 0.861
FyqE 7.417 2.187 0.532 0.497 0.578

e Ny, SRR A, BREENEREG H,, WZREGE; H,, WBEREE,; H, B42REE, FHE,
Notes: N,, allele number; A, , efficient allelic number; H,, observed heterozygosity; H,, expected heterozygosity; H,, total he-

terozygosity. Same below.

*5 ER=L5NEHENEEESHEESH
Table 5 Genetic diversity within populations of Panax zingiberensis

JE R g SR PR AR PR R WL 24 5 BE WG B BAREE
Population 1D N, Ae H, H, H,
JC 3.417 2.619 0.722 0.540 0.540
JG 5.083 2.933 0.521 0.486 0.486
MG 1.917 1.831 0.417 0.511 0.511
X 5.000 2.686 0.522 0.477 0.477
zY 3.083 2.368 0.479 0.458 0.458
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2.3.2 Structure 4%

ABFFEHIH Structure FAFXF 2R =L 5 ME
B 66 DMAMAEAT T RAS 0T, S B T A i s A
RESHAMBL AKERNRKNRFR, HirdHR 2
i, AKEERK, B4 K=2 WEibadE; K=4
B, AKMEHIRZ., A THEIRAWN TS NEREA
()it BRI IAE O, AR K =2 ~ 5

Bf % Structure WG HELT TR (K 4), M4
K = 28}, TIIRERE(JC) HFHEA R I —41, HAh
AN EREFEAR N —H; X K = 30, TLBUER
(JCO)MFEAR N —H, SXFEH(MG), HiL/HE
RECZY) BIREA L A TR R R JGT1 ~ JG3 #il
JG22 Bl —d, A EE(JG) HAE A T E #E
(X)FEARYIEAL LA AR, 4 K = 4 805 i, T

- jC
-_— G A L5 6 e A B I s
- v DR
. MG 2 0 i g e A AP ST O
ors o N Now L@ x ~ A
X BErdo & Na © o + s N~ o
N ZY it RN ++0v -\~+\ )
Yoo S E 9
N2 NS 4 *, R
(X N 4 So 1
Vo, e NI 5 Gl P
vo R N (< - T
.1056 o 3\6'\‘ G T s
L 7
Jeg yo1? Y615 © e
Jea 613 JG13 &, o N T
Jc2 JG14 JG11 ° Ao zvy8
Jci ! JG15 JG10 JICH
zY5 &, JG16 168 Jcz
x\‘as o, JG17 s Jcg
%A o YG1g 3G Jey
AT Zo (LI 6% S Joy
A® . ve AN Vo
* 20 * 6
A2 Y6 S v,
s Vo 2r +a A C
LSRG 1 °2 RN vole
U Av S5 N Rl il
N o R L 2 (AT L X607,
-y o
o~ o W LR O% i v (8
Sl Ll SS S es5L5500%
XX x oW Lo SO0OP200 6060920
IR R A
0.4 J—

533 EIECE R IR, R RS T,
Numbers on branches stand for posterior probability, population number is same as in Table 1.
3 ET cpDNA(A) ##% ITS(B) BB ER =+ 5 BB B T Hrixt
Fig. 3 Bayesian tree based on cpDNA (A) and ITS (B) data

JG
A

. +

123456 7891011121314151 2 34 5 67 8 9101112131415161718192021221 2 1 234 5 6 7 8 9101112131415161718191 2 3 4 56 7 8

123456 7891011121314151 2 34 56 7 8 9101112131415161718192021221 2 1 234 56 7 8 9101112131415161718191 2 3 4 56 7 8
4 ETRHIEREMLRXER=1 5 MEE 66 AR Structure BES T

Fig. 4 Structure clustering analysis of 66 individuals in five groups of
Panax zingiberensis based on microsatellite marker sites
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WRRE(JC) MEEAR A —4, DeFEEE(MG) Al
FDURRE(ZY) FEART A —d, SRR JG1 ~
JG3, JG22 fil X16 Ay —4, MK mFkATF
JG I X BB G A5 B T
2.3.3 #EfESKL

J T IRFEZR =B R tE N, At
53 % cpDNA | #% ITS H Bt Jz SSR i 5 4T T
AMOVA 73, &R EB/R (£ 6), IR =1L cp-
DNA B b7 J& ] 1) 35t % 48 55 (55.08% ) K T )%
HEN IR AEAS 5 (44.97%) , i ITS A Bl SSR
B G E R K mEREFN (Vs =

69.77%, Vsgr= 64.1%), HAE /NI 1L A H
IYATTESERENR] (Vg = 30.23%, Vign= 35.9%)

R SSR i, T 5 A JE L oy
&% F,'. G, (Nei) Ml Rho BIMH (£ 7)., MiX
s, ATRLERIET A E R AL L BUE TS
FI7E-0.00242 ~ 0.398051 Z[a], T G, 'fHHIH
{36 FEI7E-0.00414 ~ 0.162708 =i, Tfi%:T Rho
{EL 1Y BU(EL S B 7 0. 151655 ~ 0.569666 Z [,
WRHET Fy'H. Gy (Nei) fHif & Rho {17 5
ARG, JERE JC 5 HAth 5 B 8] A 38t 45 21k
iR

%6 ET cpDNAZEEFIIK SSR a3 ER=+tEEH AMOVA &5
Table 6 Analysis of molecular variance (AMOVA) based on cpDNA, ITS,
and SSR loci for populations of Panax zingiberensis

AR EL/ AR B/ = WEWAS L
DNA 5 fri g It RS BROHEARY) A A
Source of Variance Percentage
DNA fragment e af Sum of squares o Fy
variation components of variation (%)
ONA JE ] 4 47.134 0.90596 55.03 0.55034 "
C .
P JEREN 61 45.154 0.74023 44.97
4[] 4 114.540 1.07302 30.23
ITS EE%H 0.30232 "
JEREM 127 314.482 2.47624 69.77
JETEIE 4 313.346 5.606 35.90
SSR " 0.359 "
JEREN 61 609.957 9.999 64.10
Notes: *, P = 0.05; =+, P = 0.01.
x7 ETSSRHER=LtFEH#HEINMEESULRE F, .G, (Nei) 1 Rho K&
Table 7 Genetic differentiation coefficients of F,", G,'(Nei), and
Rho for Panax zingiberensis based on SSR data markers
SRR VEIRE R SR ER HXERE A ERE TR R
Population ID JC JG MG X zY
0.395493/ 0.398051/ 0.379533/ 0.381121/
JC 0 0.162708/ 0.139286/ 0.156385/ 0.150599/
0.510413 0.569666 0.516228 0.527416
0.395493/ 0.091835/ —-0.00242/ 0.073127/
JG 0.162708/ 0 0.023342/ -0.00365/ 0.027043/
0.510413 0.224081 0.006759 0.160047
0.398051/ 0.091835/ 0.091175/ 0.051267/
MG 0.139286/ 0.023342/ 0 0.021439/ -0.00414/
0.569666 0.224081 0.224651 0.151655
0.379533/ -0.00242/ 0.091175/ 0.071297/
X 0.156385/ —-0.00365/ 0.021439/ 0 0.025716/
0.516228 0.006759 0.224651 0.159071
0.381121/ 0.073127/ 0.051267/ 0.071297/
Y 0.150599/ 0.027043/ -0.00414/ 0.025716/ 0
0.527416 0.160047 0.151655 0.159071
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3 g

3.1 ER=tEHEESHFNE

L Z AR YR N AR RIS ) i 5
fith, RIS R 2RV Y R, I IF Y
Fjist (& Z AR TR F A BT A7 B T T b itk Ak
W TGS N RE ST, NI A A OR3P B ) 2908
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3/~ cpDNA Bt ITS R B Je 3 /MK DL L A
(PZ15, PZ8 Fll PW28) Xt =+t . it =1+,
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R I TR W AL AT TR 2 M (P) #8477 48
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THE, AN, ZBR=1L ITS Y P& 0.01011, B
WE T B R =t b=t [
AP 7T 25 St = T Zhou 2517 BYBIF 78 rR A5 21 i 320k
= ITS iR SEgHE, TR AT A8 2
A FEREAR B KN 22 S . Zhou 2 84 Fi] ]
WK ITS 750 LR T 335 = (24 DHEA) Filbt
N=E (51 MHEAR) BT R 28N, 458 B8Rk
=+t P{E~ O, 1Mihti =Ltk 0.00340, Pan
4203432 111 RAD ( Restriction-site associated DNA)
M HARRT 12 A [F) 5/ 36 Ak = EAEA
AT, RIAEWFKP FARES =L BA BRI
w2, DL AR DAY, S5H—/8NY
FRARLG, Z2R =L iyl Z ek TRk R =L ApE
h=+t, T2, LTHEKE, BTN
FEA BT IR Z S ASN, ARAFFE T 12 T
S A B 2R = B B 89 MR B,
HAREAOL S S SR AN ECR 7,417, 7R
[ il AU S O VAN = e R v S PN R A )
6.3, A& W 4.5 HHER =L HARR
()ist it Z A

MM JEREKE A, TR FER 15 DA, B
A LRI AN TCARSGE TR | b AR AR LAY
ZYolk, It H 3 B SR iz ER IR RE S
PR, CRA 1 SR, TSR cpDNA 751 1Y
Z M E H A I B KR 1TS S350 534 Y

B2 SRR, nTReS XA RN ITS A B
P45 b R ) DNA 848 S 5 A V4 2 1Y i 0T
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LR R G R, RUIZR =LY FhK -
TH—ErsE s, EMEAREE(P = 0.01 5
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Structure 3Hrif B, TEARHAE AT AR A I K
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