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Analysis on genetic diversity and genetic structure of Brasenia schreberi in Jiangsu and
Zhejiang Provinces revealed by ISSR Markers

ZHANG Guangfu'? & GAO Bangquan'

(1: School of Life Sciences, Nanjing Normal University, Nanjing 210046, P.R.China)

(2: State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and Palaeontology, Chinese Academy of
Sciences, Nanjing 210008, P.R.China)

Abstract: In order to investigate the level of genetic diversity of the endangered species Brasenia schreberi, three populations from
Jiangsu and Zhejiang Provinces were sampled and analyzed using inter-simple sequence repeats (ISSR) markers. A total of fifty-four
individuals were sampled. Twelve filtrated from 77 ISSR primers gave rise to 101 discernible DAN fragments of which 16 were
polymorphic (15.84%). The average number of DNA bands amplified by each primer was 8.4. The Nei’s genetic and Shannon’s
information indexes were 0.0395 and 0.0630 respectively at species level, 0.0391 and 0.0335 respectively at population level. Based
on Nei’s Gst value and Shannon’s index, it showed that most of genetic diversity (85.79%) was within populations, and that gene flow
(Nm) was 3.0199. It was concluded that vegetative propagation, habitat loss and fragment, introducing plants, and human
disturbances may play a significant negative role on genetic diversity and genetic structure of Brasenia schreberi.
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HF ISSRARICAT A iR IR, FLS Ik, Seui iy nl & 52 P Rs e MR AR T 4 Wl B 1
I RAPD B Z (1 5%at, DRI ARG B 0 22 (1 SRR o, R BN 8 it AL 5 8. 5 SSRARICAH L, RH]
ISSR ARict T A 06 T S 13 S PR 241 B 18, DRI R K1 240 1 SE e i wir i ofie 46 T/EP). IR, ISSR #wicd
RGP PO EAT 21 A7 x2EmEeEE s ik al . ke E!Y, BE
ZREPENSE CAT A DIFS, (B 56 T 228 0038 AL 22 REPE RO TR R 8] (4 3 A4 0 A S0 5 1 o LR . i
L ZREME R YRR IS A SES, S8 H D PR 1 BRI T AR AN R IR BRI RE I 7EAR KR
BT 1AL AR PR RN, PRI AS SCR FH ISSR ARic WIS VT 7 26 S Rl e i 3ot A4 2 REVE RN s B 44,y 2iise
(142 ) 2R O BT 2% R B LR 1 Ak Hs
1 MRl5A*®
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WFFERERER ET IR IR 2R LB R TT O N S 4. MR 30 P b 26 352 A 40 A T AR RP ARSI, 20 W% 2R
LLVBELI) 2 /SRR SR 1A 2SR RELIURE, JEoRAE S4IMARGR 1), SRARZERAM 7 T ok A7
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Tab.1 The general situation of Brasenia schreberi sampling populations

i Hh i K G4 RAEEL
SZ a IRINAR 1L 4H 120°24'E 31°2'N 14
SZ b IRINAR 1L 120°24'E 31°2'N 20
HZ BN 4 120°03'E 30°11'N 20

1.2 #HEEH DNA BIRE

LA E & S R AR, SRR AN CTAB B BZESERE N A1 DNAMY, FIZ066 B wkiil K
. RBGIRE PN B-FiFEZ B, PVP Ml Na,SO; 25 i, $EIHLIN 4] DNA 4iifE, JEiEspiefb g
1.3 ISSR R Rrfk & B8 37 K I i Sk pfE 1K

X0 A rE A E AR A BRAEI 77 5T S, IR G A I I . SR MR
124593 )T PCR Y B4, § 14 0 7E MIR 41 PCR 9" B4{Y_F A7, PRAb)a iy 20pl KON R R 5 2ul

2 LR 50 B R A IR Il E

Tab.2 Selected primers and their corresponding annealing temperature

Elk/E R igdl BKIRE(CC) TSR L
ISSR-3 (AC)TT 52 9
ISSR-5 (AC)TG 52 8
ISSR-10 (GAA)q 50 7
ISSR-23 (AC)sTA 52 8
ISSR-28 (TG)sCC 54 7
ISSR-35 (AG)sTA 52 8
ISSR-47 (AC)GT 54 7
ISSR-63 (AG)sCT 52 9
ISSR-65 (AG)CC 52 8
ISSR-66 (TC)CG 52 10
ISSR-71 (TC)sGG 52 10

ISSR-74 (ACTG), 48

—_
o
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10xbuffer, 1.5mmol/L MgCl,, 0.2mmol/L dNTPs, 0.3umol/L primer. 1U Taq DNA &l 20ng #ik
DNA. PCR Y3 2 N 27 1y 94 CTUAET: Smin, ZJG#H17 37 MG, R AIEF4E 94 CAEPE 305, 48-54°C
Bk 45s, 72°CHEM 1.5min, )5 T 72°CHEM Tmin. F =Y E T 4 COREIATE.
1.4 PCR =% E

¥ PCR "MW 7 I1xTAE BHI B E&A EB M 1.5%AM IR JeMisE I i ik 4 5. L DNA
Marker(100-2000bp)ff: Jg A} 3T bR, 75 5V/em BIRLE R BLIK 40min. FELIKEE TS 76 L A& AL |
WSS G PP kAT, IEAEBERE S R G TP IRAF EUR (B 1),

bp
2000

1000
750
500
250

100

BT 519 10 fELESERRE LAY S EA (A 1-31 4-8. 9-13 NS AR BT A
SMZR I B AT F SRR A 1A M Ol DNA 235 H 471 DL2000)

Fig.1 Amplified bands of primer 10 on Brasenia schreberi populations
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TELE N WHEE IR L Yk 3% I [R]— ISSR A3 i A HLUKAFIE N 1, TEHIKAHFAYIE R 0, 1E 0, 1 AEFEH ATl
FHL. NI POPGENE 1.32 FJF b7 4i b3, B PhRFEFEIX 8 ISSR ARic i siib T Hardy-Weinberg
R, G FIISEE (DZBALE A R(PPB); 29 FHELA S L EU(Va); (3) 4%
AL AT R T LB (Ne); (4)Nei’s 3[R ZFEPE(He); (5)Shannon {5 8 8%U(Ho); (6)Nei's &[N ZHE
(Ho)FVRHE A Y HE R ZZ AR PE(Hs); (7)FE R 3K 2B Gst) FIEE R I (Nm); (8)Nei’s 8% 28 (D) Fljst 4 —BUE
(D). % MEGA 3.1, SR FAEMATECRT AT 1315 (UPGMA) X RE [ FI AR P94 [A] 9 Nei’s 5t (% #E
BT IR,

HBRE55

21 FEEMBEMNEERSHEN

POPGENE 71 & BB 1935 (% 2 REPEFE B o il 3k 3 13k 4.

i A 12 /\%I%T 3ANZESERNE 54 NMARYEE 4] DNA sh3GIE] 101 &34, 8405199
HRZAECR 7-10 4%, RBP4 ECR 8.4 4%, M EAY 41 K/INFE 250-2000bp Z [EI(IE] 1).
101 &4t o, 2 ﬁ S 85 4k, AN 16 % z?‘gu,ﬁﬁﬁj\impmﬁ 15.84%.

ﬁﬁﬂﬂé@%%&ﬂ,ﬁﬁﬁ}if 8.91%—13.86%2!51, XA 10.89%. Nei’s F:F ZHEMEFE 0.0282-0.0476
ZIHl, -2k 0.0335; Shannon's {5 B FEEU N G 2 REME L Net’s ZEE 2R, 7 0.0436-0.0718 Z
], SEXIH 0.0518. 28NS H 4R Nei’s FH ZHEMEF Shannon's 15 B AR S 3 AFh AR B0 [RIRE
Fkats, B SZ_b>HZ>SZ a(3k 3).
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3 BT ISSR Ml py 2 i 2 sE 50D
Tab.3 Data of genetic diversity of Brasenia schreberi populations revealed by ISSR

FhEt Ao Ae He Ho PPB(%)

SZ a 1.0891 1.0444 0.0282 0.0436 8.91
(0.2863)" (0.1590) (0.0958) (0.1449)

SZ b 1.1386 1.0800 0.0476 0.0718 13.86
(0.3473) (0.2275) (0.1281) (0.1883)

HZ 1.0990 1.0378 0.0248 0.0399 9.90
(0.3002) (0.1426) (0.0864) (0.1323)

FhEEK 1.1089 1.0541 0.0335 0.0518 10.89
(0.0262) (0.0227) (0.0123) (0.0174)

YK - 1.1584 1.0604 0.0395 0.0630 15.84
(0.3670) (0.1760) (0.1075) (0.1639)

1) WAL do; B RLEALIE BN de; Nei's FEF ZFEMH: He; Shannon's {5 B354 Ho, 28 MALEH
43 PPB; *FrifE2,

2.2 FHEMBESL

POPGENE 43 M7 11 2 3 F 8 18] 11 358 % 40 1 26 B, 2638 A5 A B Nei's BUBE B 2 88 M (H h
0.0391+0.0114, FhEENIEF ZHEPE(Hs) A 0.0335+£0.0082. AR Nei's S K AL (H FIRNEE N BL R 20
P (Hs) I FPEE B AL ML R BU(Gs) N 0.1421, BIZESR AR AL ZREE KB I3(85.79%) FFAE TR BE N, HA
14.21%AF1E T Fh ]

Wright TAy, 4 Nm>1 B, FEPRIRRE AT LAB 1k 35 A AR 5 | 2 1) S B T a8t A% 43 k. T 24650 1) i PR 3t
Nm K 3.0199, LR 1, H e mT LAHEI L i 2R 32 B /R R 1 A4 T AR (14 P RS . o S5 A A R RE A R R
B (4 S DR B B AR R . BT BRI DL A A R RS AL Y R i e, R e b
B FARA DRI R SR B SE DRI, RIRE P9 R (R R B TR bt S, [RIBH SRR R B L R AE L AR
)78 5 J B R G ) AR SO R 28 40 A T o N AR LA RN e i, R B AR 0y, (R
P AR AN . AR T AR A AN T, b T2 S ST VA v AT 2R A0, R e 2 SR AR ]
B st 1] P BE AN ZESRAE TR B A, BRI A5 22 vk 1 b 2638 4 46 KUSL i T2 80
Yt s R OS2, 0 2GR R A R T AR 2 R B, R, RTRE R T 2SRRI R D AN | AR B A
o, AR KBRS R 2, BRI A7 AE B 0 I . X R W2 1 SR A b B 14 338 15 o1k,
AN SZ B AR B AR Rk 52 0, T L5 A 85210 G R 25 1),

L [A] A4 38A% B B (D) RS L — BUR (DR R 2% 4. FhBE SZ_a SFEE HZ YL HEES 2 0.0067, FhEE
HZ 5FF SZ_b At A IEE 47 0.0071, FhEE SZ_a SF0EE SZ_b Mt fE IR R 0.0122, FRUIRNREN A9 15
PR B HRARAG. AL —BUS (AR LIEE N 0.9879-0.9934, AT BEAAN] (-1 —ZE ik 0.9914, X5 Nei
(s AL IR B Gst (HARMMI 4

4 BRI 1L — U (L) AR A L (22 T #)

Tab.4 Nei's genetic identity and genetic distance among Brasenia schreberi populations

iiifiid SZ a HZ SZ b
SZ a ok 0.9934 0.9879
HZ 0.0067 ok 0.9930
SZ b 0.0122 0.0071 ok

HRHE Nei’s LI 3 DFIHEIEST UPGMA RIE(E 2), B2K45H80 SZ_b FliEf HZ Fpif e Jote
BEES 0.00335 AbRAE—, SRIEFEFEE 0.00483 b5 SZ_a R A—id. FIA POPGENE |4 3 FpfEd:
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54 AR B IR, FEARIE AR 382 S ] UPGMA 155 IE( 3), K BLIR— RS F IR
FU IR — K.

| SZa

SZb
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2 JET Nei's BB AN 3 D ESEREE UPGMA B2

Fig.2 UPGMA dendrogram based on Nei's genetic distance for three populations of Brasenia schreberi
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Fig.3 UPGMA dendrogram based on Nei's genetic distance for 54 individuals of Brasenia schreberi
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3.1 ERRRE S

LA KX SR B FE A ) 1 38 1 2 REMEDF Y 2 KR R ARE T, (B K R AR ) () A% ZREPERIF R
AU AR S S XFHTTE TTIR 342 FUARFREEAY ISSRA0HT, B URHRGE T 28 MBI st e, F
FEERIR, 2R E ZHEMEACERAR, H BN H 73200 15.84%, AR T M W A5 A Y1 7K ik
(Ceratopteris thalictroides)(9 65.19%)!" /N ik (Sagittaria potamogetifolia)(CH 16.67%-38.89%)2%; 2§i%
i) Nei's &K Z A4 F 0.0395, Shannon's 15 B35 %50~ 0.0630, . {% T 470t ﬂE?%(Potamogem‘on
malaianus)(53514 02471, 0.3736)2". ZE3EMIRIEZREMERAR, HIRERATREANT : (DA, m4E
4-10 H RWCHA I 2amt, R ITFARAIR, A VAR FERR AR, R 32 2O T # ) 25 Rk v 2555
B BT IR, QIEAERAETLI « LB K K 2 A A 263, (HRAETLIR M F W) . K
LA 14 PG 390 B 22 0S5 1A DL B Y A b . 235 A 2 B A Y o AR A s A e 9, 5 265043 i
0 S5 DR A D, AR h AL T AT A AR 20 (5 R R i B i ). A SCHFFE YA 7L
WIPIbE 3 28 FARFIRE, Ly AZESe M REOUCR A UM LR, 7Ei24 AR s i 20, AR
VLIRS SEPR A A, AR SCHYRIIZESERY 2 AMRER R AR ILAE. UL, ZESEA I A TR E SR
FPHE A D /0 ] e 3 B2 S PR AR T S IR Hl SCHRIC 28, 2 A I T A 5E A AR
ANFIZERY. AR R PRI X RA R, X AE 20 28BN TR A, (BRSO T B A
A HULB|IH O R R 2. TR, ORI DX A 2650588 AR EAR nT REC 280mlisb, IZ0) S i X 12
MBI RIESE. MEAb, ZESEETR b T . DI SBIRVEAR . S hr AR A A S, 1
2B RATFE XGRS X 25 AR s a5 SN A Y 1 ik, JF st 2
FORRRESCHL DR AP AN, O T BN IR B A e, IOREROZ A HAS | s | SERE L R, IRORAH
VA A 43 A b
3.2 HEIEMIREE

23 3 DR AL AR/, HE Nei's BRI MEREL Gse AR 0.1421, FhFE 515 —BUE &b
0.9941. XATRES NI ZRAT G Aise  ZAEAKAETAR, MK TE. AR LB S 55 R
A, HWE HAME A 150km, TRFAFBONARML TR IR RIEE, A5 00 RAeiR e, (AT
TR, X 54 MEME Nei's i B #5710 UPGMA R (K 3)R M, FAER— R0 A R L
i, ANFEFEEA R Z B — o PR IR 2%, X AT e 5 2600 R 2 5 IR B N A B O, fEii A rp
T, ZESRE AR AR B R A AT SR A S TR R, R OIS B DR I8 Sl A A 2R 28 g A
UKL, HAESAE AR Y A N TR BR IS h A2 5. K805 % F ] ISSR 5543 FHRiC X AN ] 7K 22 iy i)
(Eriocheir japonica)it &Ry, & B ES1Fh . & BB S5 AET0 s i 7 7e AR A i Bl 42

LSRR G Z AR RS AL 204k, SHACHC RS . A AR ER A TSR R %Y. Nybom &
i, ARFEZCECER MR, HAREN Gse fA/E 825 26300 Gs(0.1421) BN HEIE TR 58 (mixed
mating)Z$H, 15 H 3 (selfing mating)(Gst A 0.59)F13E 3 (outcrossing mating)(Gst A 0.22)FHEH K. 23
TR, 5-7 H, JFAE5r 0 2 BB (DBEAEI: MESS IS, (EMERE i R MH RS, I 42 25 1 AR 24
IF QHEAE]: MERERIAEL2 A, 25T AT 2L, (R EICRZE) M B2 3d, SRJE R SeAEK
B, AR DR BRI B AR, H BB, AR BE B IRE () 1-2m), L F 2R
PASKIT (AL A TH2K . A 2 BRAT B U ZE St b . (A9 X S P O 2SR I AP e K I
Bk, Stz MCRHEARTE S, ARWGIF . A BRFRIAE K AR SR IS Ay T LT fE & S B2
TR 2O AR 11 i S A

BEAh, B A KA LT, BoRAE R TR TS R IR, URCE S PR AT Y,
{HZESEANTIIG Y, TEFCIN 5 P X 25 S R & B KR A & A Y G 7 I 86 (Utricularia australis), J&
% K LSRR 1T A T b XA A e B PR K ARG P52, N 2 S I £ A B R .

® Htttp://ccw.eces.ilc.edu.tw/scweb/STU/sp_detail.asp?sp_id=601
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B A AR fe i, ARSI RS | AR R SRR/ N 2R AR SRR S e 23 st (L A8 S Bk, AT
ﬁ&ﬁ%ﬁ%%éﬁ GG 2R, BRI XS IR E AR B AE MR R R, MR SR, Bl A SRR
TP
it Eké}]#mi‘%“"ﬁﬁ}llﬁ]ﬁﬁ AR BB IR A YA S IR K A8, £ A ERFE] KA
AR AINMLRHIZ OB, FEEHIZ. HERS BRI IR B ETERL, ERKE
AME.
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