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ISSR analysis on genetic diversity of endophytic fungi of Huperzia crispata
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Abstract: Objective To study the genetic diversity of endophytic fungi of Huperzia crispata using ISSR markers at molecular level, to
establish the fingerprint for genetic differentiation, and to provide the reference for screening the endophytic fungi strains which could
biosynthesize huperzine A (Hup A). Methods Endophytic fungi (100) isolated from H. crispata were selected as materials, their optimized
ISSR reaction systems were established, and the genetic diversity was analyzed. TLC and HPLC were used to detect the fermentation
products. Results Ten ISSR primers were screened to analyze the genetic diversity of endophytic fungi of H. crispata. A total of 3 975 bands
were amplified and all of them were polymorphic bands. The genetic similarity (GS) among the tested genotypes ranged from 0.59 to 0.96,
and the tested strains were classified into 11 groups at GS 0.64. At GS 0.67, group I could be classified into five subgroups. Primer UBC868
was used to amplify No.13 strain and DNA of H. crispata, and unambiguous bands were appeared at 500 and 200 bp. The fermentation
products were detected and analyzed by TLC and HPLC and No.13 strain was found to produce Hup A same as the host plant H. crispata.
Conclusion Higher genetic distance and wider genetic base exist among endophytic fungi of H. crispata. The same ISSR category fungus as
No.13 strain is the most important potential screening and inducing mutation strain.
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412145 %% Huperzia crispata (Ching) Ching A1
FRVEAZ BN, e mE AW 96 N R R
MATF /AT, HANSHAZMA Chuperzine A,
Hup A), BEHASGER/RKHEEH (Alzheimer’s
disease, AD) HEH ML INFIThHE, RILH ZHE
SUEITHLEI, SRR AD IR alihg
Z Hup A IR AT H serrata (Thunb. ex
Murray) Trev [1) 1.86 15", CL5 172 [ Py 24 1R4% 056
EEL TR AL A T R R, RS e
FREEHADAAZ RIS FF, A AR N AE LR 3™
I, AR BA Nk, RRAT
A B DA H A 7 K &8 24E 7™ Hup A BCDD I HRGE .
BEE SN A dr GG, BRI 2 (1) 2 AR
%% AD Ak Hup A IR 257 kA
Wk b, B AR B b, R AR N A AR
77 Hup A BAT 140 B . A Scgmfs™
NI AT A2 A LR TR AN AR b 43 B Al o AR
BB, UESE T AAZRHEIA WA R A . AR}
T A A2 LB (AT T 1 T 8 T B R IR 20 i 4l
s 2RI %P, e FRRC ISt MR
DLARIE . ASZECSR A ISSR Anid AR, # v aiilif
12N AR B BRI AR 2 FEPE AL, JFS A ok
) ISSR-PCR K3l LX) 4, TLC Al HPLC £
DI T BRE H AR R4, B AR B a 2 WA R
PRI BRI PR B0 LA, AT Hup A ¥ ) BBk
PRHETRIE I IHLE . F A o
1 w8

LAl A K2 Huperzia crispata (Ching) Ching
FF i A H 0 rE 28 WP B VS M RO EL /N 546 A Rk
2 AR IR X, FRERM R AR 2 A AR B %
TE o MBS AliAR IR 100 FE N AL LR ORAT T R A%
VK2 [ A Dy fie e o P TREEARB I L o
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2.1 ISSR-PCR K[

2.1.1 DNARZHC CREORAF RIARIE LT TR 2~3 IR,
LR BB TR R R R AR R 224k, k. o
WHEAIK RS 2~3 I, 1E2h DNA #2584 kL. DNA
RHUTES % WA SR T, OO S Rl R it
BEAR TR, 0.8% B IRHIGE I H VK DNA.

2.1.2 ISSR GIWpR KL M 2 A PETfiE RN
FEREHME LW R A 100 X ISSR 514, 42
Invitrogen 2 1) 5 o AR DNA BEALIE G431k 10
AAEH PCR F GBI, &5 19) Tm {4 R

15 4, % Tm i L F&%¥Fs) 7.5 C, Biometra
T-Gradient Thermoblock PCR 13 % JE & DNA #f A3
17 PCR 1 . 2% R i 41 24 PIISSR-PCR R Mifk &,
WOE 25 pL AR VAR R T E 10X PCR 1Pl
(Mg> ¥/} 2.5 mmol/L) 2.5 uL, dNTPs (10
mmol/L) 0.5 uL, 5|#) (10 pmol/uL) 1.25 uL, Tag
DNA 481 U/uL)1.25 uL, DNA B8 (10 ng/uL)
2.5 uL, W ddH,0 17 pL. PCR SN AR N : 94 °C
TARTE S min; 94 °C ABME 45 s, EHEE TN (K&
BRI ER S ) 1Bk 45 s, 72 °C 4EAH 60 s,
30 KAFEFR; 72 °C FEH 5 min. §HE L 2%E
BRI HIK 2 h, T E BB S R G AT M 2
o DAY BB, 280 S L R
VER1%5 |38 B KL, e IS S A2 N
4= TR DNA § 381 ISSR 519, JF LY 844
K2R A RIEE R 24 DNA.

2.1.3 ISSR-PCR Ntk # A4k e T & &1
ISSR 7|4 e Fods il KL, 25 pL il PCR Y.
PR FR 4 T DNA B & 104 204 30, 40,
50 ng 5 MEASE: Tag DNA BEABEHE 1.0. 1.5,
2.0. 2.5, 3U5 MERSE; M™% 0.5, 1.04 1.5,
2.0~ 2.5, 3.0 mmol/L 6 MFfJE; dNTPs ¥ 0.2,
0.4, 0.6+ 0.8, 1.0 mmol/L 5 ANBHE . 7EFK k4
LA b, SRAIEAS BT Lo(3*) X540 ISSR-PCR
SN ) DNA KB & Tag DNA B4 ] & Mg
WRE. ANTPs WRJE 4 MRE, #WE 3 KPHATI
¥, SLoANAbHEE, WA 1. BEAAEEE VAT RNV,
i et PCR e hidk & o

2,14 HARALIRE N R AT I K Ak
TG, EEMA RIS Tdsk, RN
B R T ), ARG S A TR A
MR E B, By &R EN “17, A

%1 ISSR-PCR HJ Ly(3*) EXiXIIZIT
Table 1 L9(34) orthogonal design for ISSR-PCR

- DNA?&%E@E Mg W/ dNTP W / DNA it

W /U (mmol-L™")  (mmol-L™) WE /ng
1 1.5 1.0 0.4 10
2 2.0 1.5 0.6 10
3 3.0 2.0 0.8 10
4 1.5 1.5 0.8 20
5 2.0 2.0 0.4 20
6 3.0 1.0 0.6 20
7 1.5 2.0 0.6 30
8 2.0 1.0 0.8 30
9 3.0 1.5 0.4 30
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PCR #"H, ¥ ¥a/=#palift. M, Wred R
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2.3 TLC. HPLC il B #RE kR & B2 =49

WA B EHZE R IR . DR SRR, 400
mL R BRI R4 A 10 mL, 254 3 B9y
SRR T R A K . ToK LR AS, 10 000
r/min 250 10 min, WL 8 uL BSOS T CiE L
R G Wik L, 5 Hup A XHR S ILHEZ . 3
% (REZ L) 2010 SEREITENY, RITHL
1E T EE-UKBE -8 2K (7:1:2), T 365nm 44
i1, Camag Hptlc Scanner 3 R4t 7 #T H b B bk
7 Hup A M5,

M TLC WIEPRINES R, X TR ISR G 77
AL, HFWIERSAEE 40mL, %113 BB Z
fig, RAIEH 12 h, LEEERIEIRAEZET, M 4 mL
PSR, pH AT % 8~10, 0.45 pm HHUERERT
HIF HPLC 43 . M 4ctE3% Ya SV k3T
3 RS9
3.1 ISSR-PCR SRk Z& A1k

Wl Lo (3% IEATWRER, Wil A2 WA B R

224k DNA B G 3E4T ISSR-PCR 734 Bifli
BRI R PRI (B 1o P 1 H ks AT 4,
DL 7 SR EMEAWERNFEE . PATHEEEN
. 25 pL ISSR-PCR Uik &l 10X PCR ZEnh
W (Mg™ WA 2.0 mmol/L) 2.5 uL, dNTPs (10
mmol/L) 0.6 uL, 5% (10 pmol/uL) 2.0 uL, Tag
DNA B4 (1 U/uL)1.5 pL, DNA #4710 ng/pL)
3uL, B ddH,0 15.4 pL.
32 HWHEHEHISSR ZHMEN

Y DA AR BL R B 2248 DNA - BEHLIR & 73 i
10 13, 2GR E5IWIB K, M 100 45 ISSR
I 41 KRA&IETIY, PN 41 KAL)
T 10 s . 2 ARSI, WILA
A HE B4 DNA JF4T PCR 38 . 45 R W3 2.
R TE RSV AT 45 0, B AR AR
PRI ISSR-PCR =W 48 4% ik, ¥ 3G~ KM
T 200~2 000 bp( &l 2).10 4514314t 3 975
Zukar, BAZEMNE . PRI &
WKl 39.75. 11 Popgene32 ¥ Mh0H7, Nei’s i
K Z B34 0.280 4, Shannon’s 5 B 54N

1122334455606 77282899

1 ISSR-PCR fRALIAZR I IEHIKEER
Fig. 1 Electrophoresis of optimized ISSR-PCR

reaction system

2 10 ZFAT ISSR-PCR ¥ 1ERI5 1M R &5 404 A 554
Table 2 Ten primers and amplified bands for ISSR-PCR

ElEZE DR izl B /°C gkt RN ZEUESE /%
UBC 842 GAGAGAGAGAGAGAGAYG 50 382 382 100
UBC 848 CACACACACACACACARG 41 309 309 100
UBC 850 GTGTGTGTGTGTGTGTYC 46 419 419 100
UBC 856 ACACACACACACACACYA 41 282 282 100
UBC 861 ACCACCACCACCACCACC 61 409 409 100
UBC 864 ATGATGATGATGATGATG 47 495 495 100
UBC 868 GAAGAAGAAGAAGAAGAA 46 531 531 100
UBC 873 GACAGACAGACAGACA 47 513 513 100
UBC 880 GGAGAGGAGAGGAGA 41 272 272 100
UBC 887 DVDTCTCTCTCTCTCTC 40 363 363 100
Al 3975 3975 100

D=A,GT V=ACG
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Fig. 2 Amplification of H. crispata endophytic fungi DNA 0.59 i 0.68 0.77 0.87 0.96
by Primer UBC 868 : MR AL
0.4392. MK 2. ¥ 2 AIENAL A A2 9 AR LR Bt B3 ET ISSR XEMEMHNEERRZARAREXE
] ISSR £ & MEK i m, X 10 451N E Fig.3 Dendrogram of endophytic fungi
KRN A W 2 AR W I B IE S . based on ISSR
33 WA ATEEZREESHEERREESH Hil&l 3 A, AEARTE R ECh 0.64 I, AZEER

DAPRALTRIE HIF 10 431903 AT bk DNA JE - PHSEIRATIRON 11 AR U el TRSAEAT LR AL
4T ISSR-PCR 4184, ##d JLo> FHEL R Zoht (| 3), A 0.67 1, Xal4i7y AL By C. Dy E5 VDK,
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SrAEG: 1. 2. 464 52, 48, 40. 8. 60. 32. 26.
9. 24 F156 5; 3. 21. 5. 53. 38. 11. 27. 12,
63, 64, 43 il 44 5, 6 F184 *5; 10, 36, 85. 59,
31, 33. 90. 91. 92. 95. 100. 93. 96 #1194 5,
22, 25, 16 1 41 5. fbnl WL, 9E0A 2 WA
PR IEAL 2R AE R .
3.4 A AT EFELH DNA B ISSR 47

PA 10 45403 1) ISSR 51 W00 42 A AZ B A4 )
HKEPKIZH DNA 14T PCR 474 (18] 4), UBC 842, UBC
850. UBC 861. UBC 868. UBC 873 ¥Jul 4 #fl i
W 22 P46 . UBCS842 §M 3R 1 4iE i 441
(K/N25 400 bp). UBC 850 4 Ha3R15 2 451 M 4% 17
(R/INZJ 350 bp i1 400 bp) UBC 861 § 3k 15 5 4%
TS5 CK/NZ0 1000, 600, 550, 400, 300 bp)-.
UBC 868 4 #i3k 13 3 45T M 457 (CK/NZ 5004 350,
200 bp). UBC 873 ¥ #4315 4 4505 Mi 4517 CR/N
1 000, 600. 400. 350 bp). Mm%, ALK 10
25 ISSR 5115 5 4 v 4l A A2 55 K 41 DNA HEAT
K UF[7) ISSR § 1.

M 848 856 880 887 868 850 861 842 873 864

4 10 % ISSR 34X 8505 12 DNA B¥ 1B R
Fig. 4 Amplification of H. crispata DNA
by 10 selected ISSR primers

3.5 HEEEXAEYE Hup A B9 TLC. HPLC
DT

1 13 5 bR R R R4 K 3R 38 5 0] Ji
i Hup A FAHIA) RE(E AT 4500, BIEE 13 %
VE R B PO 5, SRk T WEHERT 13 SRR
A7 Hup A 10 71, DL 5,

MRS S22 G SR g e 45, 13 53
FRAE PDA 53556 I, WIS A AR R TE,
IR, GG KA, A O ERERZ,
AR RIE, KRB SERwE 2T, I
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1 2 3 4 5

6 7 8 9 10 11 12

1A 12-Hup A SRS 2~S5-REEBUKFE 6~ 11- KB EER:

1 and 12-Hup A reference substance 2—S5-fermentation aqueous

samples 6—11-fermentation ethanol samples

5 13 SEHRABRKEFREZIER TLC 547
Fig. 5 TLC analysis on water and ethanol samples

extracted from No.13 strains fermentation

ML, ok ok, PR, BB AT,
HEANE. S8 CGLREE TN (PEIEE),
WILAHEWT 13 5 BN FARNE ST 571 5.8 S TDNA
ITS fR5FIX 751, ITSI/ITS4 5144 #5455 BLAST [
PEVELLXT R 13 SRS IRARARIEE R Colletotrichum
gloeosporioides 1TS X 2 [A] (¥ [A] Y5 1 24 99% 5
ITS4/1TSS 5149 W45 BLAST [FIUEPE L AL 13
5 R S AR I B R ok R ils. (N EASEA
76%), HILLRAIEL, 13 SRR BARBII w22 F

X 13 SR TIHOCR R TR, KIRR A RT AL
Z AT HPLC 73#41. AL 6 T, 13 SRR IR
JECRFELS Hup A O G A AR TR DR BRI ), ELIGE TR
Bi, T4k, BB 5. 6 ) TLC 1 HPLC 4347
ZiRnrgn, 13 SRR EATE34E Hup A 19FRE.

Hup A

A B Hup A

012 0 2 4 6

t/ min

0 2 4 6 8 8§ 10 12
6 AMFHBMEBR (A) 13 SEHKRAER B) B
HPLC
Fig. 6 HPLC chromatograms of Hup A reference substance
(A) and No.13 strain enlarged fermentation (B)
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HH ISSR 73 T A ic 58U 1 J i v T2 A W 40
53 Fl1 38 5. 27 F1 12 5. 31 Fi1 33 5, 19 Fll 34 5,
15 Al 49 SEHEERSI S AN, HIH
ISSR-PCR ¥ Hi4cilr 2 &MH 27, HEHIESKE
fiEy B2 ARSs kA AN 40 F1 48 5. 8 1 60
.32 M126 5. 23 F158 5. 67 F1 13 5. 37 Al
54 5. 30 F169 5. 28 K129 5. 18 Fi120 5. 57 Al
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FRGUEIEAAE I W22 5, WRIVR USRI B 22 AR5 1)
TP AESEHEANE; 9 f24 5. 22 f125 5. 16
141 5. 62 F1 65 5 RMRIER I 5 V30— /3K,
ISSR-PCR # 445 Hr B o ikt WRIVR T A FFAEAR L,
{HE AR ERIAAE S 2R UG 1 12 5. 46 FI
52 5. 63 Al 64 5. 43 Fil44 5. 35 F1 42 51X 5 %)
PIMSRGR RO, HEEEIEARE. W22k W ist
R L JARCA AL, LR (1) ISSR FREU Bl % Wy
A WHERIX 5 SRS 1 ANEEFEA 100 NN EHFK,
T A SEE AR 7 ANEE, T ISSR 43 FAricsg
RO g 11 KR T RSRAEAL R SR 0.67
I, MAT400 4 AL By C. Dy ES AV, 3870
DU E N R APE IR, 280 ISSR 3 FAric)H
FIEATLEF AN Uk nT %, Sl a2 e
FUR IR EZAEE S S, ISSR 0 FAric b 55 1E
TIESDRAER, hJE AT RA X L LR 7R it
FEMLHES .

PL UBC 868 4 M44kili 41 A2 i P A LR SE 1A
41 DNA (& 2), Z&argm. F5, DIhHa
EHIFEA DNA BT 88, 7€ 500, 350, 200 bp
AEEIAT T T 3 455 (IR 4), Hodb 13 5 B REREE 5004
200 bp I TEMT ARG 4&A1, I ERAN 13 SRR S TE
TR AAAE FE LI R P AR R 1 v B 13 5 B RR ]
PR 1E E AR AR [ B DB sy —Hup A,
P SLRAE RIS AT HEN A A S B N AR FOR B
T TR - R SRR R, EERETTh R
P A R T, DR P 2 AR R (U R =
FUFH 9 A= BB AR 2 RGP 4y, — T T AT £
P R TR, o — 5 o] 4% BB BT AR
SS9 I T P (EN = R R D SN [
TR R 2 B Atk SRR S AT, R TR R
PR LRI IR, A B Tk e e ke sk, —
LN e T ) N NP 3 VAL U Y A Ea
FLP ISSR AL b (1 3), MILEiLidifh ¢
AR L 13 SRR S ITISE R T /E 4 Hup
A P SIRE . AT S BBt b BT
A HPEERE R AL H bR D e Rk B A 2
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