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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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G4 Huperzia crispata (Ching) Ching 441
KRG AZ BRI, Ze AW A vA MR IR
WA ZH A, HASH AT (huperzine A,
Hup A), BEAREERT /R KB (Alzheimer’s
disease, AD) HBEKIICIZ. INENThRE, KILH 2450
FEOARIT ALY, JEiT AD B, Ak
A Hup A BN A E2 H serrata (Thunb. ex
Murray) Trev [¥] 1.86 {517, TL5 [ [ Py 2% 4 1 Ah 56
FERL RTIR AOA G TS SR, RS
FREE A AR —FE, AL N AR RS 3™
Y, LRI, 2S5 ik, RWAT
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%% AD Ak R Hup A IR 257 kA
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s TEAREWIE e, S FhRC ST MR
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2N A BRI AR 2 AR A, IF S H e
) ISSR-PCR K3 ELX )4, TLC Al HPLC HARK:
WA 3wk H bR K1), BN SAA 2 NAER
PRI TR B HE A, AR Hup A ¥ ) RIFR
FEALPRAERIHIE . SRS o
1 ##

B4 42 Huperzia crispata (Ching) Ching
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TE o MBS LARIR) 100 BE N AR B R AT T R A
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2.1 ISSR-PCR [

2.1.1 DNASEHC CREERAF RARIE ARG IR 2~3 1K,
TR EAR ISR FR B R IR IR A s 224, Hhgk. .
WHAIK IS 2~3 I 1E4) DNA #2850 kL. DNA
PR VE S 2% S AR T, or B T B Ay e
TRE AL BN, 0.8%% 5t iR B U6t I FEL VARSI DN
2.1.2 ISSR 5IWiR kit & &k 24 VEifiiE kM
FRFHE L R2E AR 100 % ISSR 514, AL
Invitrogen 23 F] 5 1. X HEH K] DNA BEHLIE S 731 10
Z1E4 PCR ¥ B, MAE&519) Tm {5

15 41, 7 Tm 1 L F%7%3) 7.5 'C, Biometra
T-Gradient Thermoblock PCR 1%} V& & DNA #f:ANiF
1T PCR ¥ 1 . 2% R 75 41 25 ISSR-PCR [ WAA %,
WE 25 pL AEAl S AR RS 10X PCR il
(Mg> ¥ %} 2.5 mmol/L) 2.5 uL, dNTPs (10
mmol/L) 0.5 uL, 5% (10 pmol/uL) 1.25 uL, Tag
DNA R4 (1 U/uL)1.25 uL, DNA #8 (10 ng/uL)
2.5uL, B ddH,0 17 uL. PCR R NFEF K : 94 C
ASYE 5 ming 94 °C ARk 45 s, WEHEE N (&
BN S I YmS) JBk 455, 72 °C SE{H 60's,
30 JAEFR; 72 °C SEH 5 min. §HEFEML 2%E
BB YK 2 hy, T AZhBER R R G T M5 I
Ao DAY A BV . AN A EIUELF A
VERZL IS B IR K, #ie S Al atew
A FUR DNA § 881 ISSR 514, Iy 8404
K2R RS R 41 DNA

2.1.3 ISSR-PCR Jx WAk RALAL i T 3 B 1)
ISSR 5|4 Je Hodpe 1R Kl 2, 25 ul FEfithi PCR KW
A ZR T3 ¥ E DNA B A 100 200 30, 40,
50 ng 5 MERE; Tag DNA EAEEA & 1.0. 1.5,
2.0~ 2.5, 3US5 BB, Mg® W% 0.5, 1.04 1.5,
2.0~ 2.5 3.0 mmol/L 6 NFRJE; dNTPs %/ 0.2,
0.4, 0.6+ 0.8 1.0 mmol/L 5 M5 . 7EFIK K
flFEmt b, SRHIEAR ¥ Lo(3*) %5409 ISSR-PCR
SV K] DNA BEHH . Tag DNA B84 H] & Mg
WRE. ANTPs WKJE 4 MAE, SWCE 3 KFHETIA
By, JL oA, WK 1. FEANCEEBE AT RN,
ikl PCR RVAK R .

2.1.4  BRACBL M X I AT A H bk A
T8 br, EEEAG G TILR, I
BRI T ), ARG A A gL, AR
MFMITEAE B, WY ey “17, A

%1 ISSR-PCR 8 Ly(3%) EXRRIG &It
Table 1 Ly3*) orthogonal design for ISSR-PCR

4y DNA BoEE Mg WKE / ANTPIKIY /  DNA B
oM b R -1 -1 e BF
WKE /U (mmol-L™")  (mmol-L™") ¥R /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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PTG IRHAZ B4R 5.8S rDNA ITS {447 X sk iE 4T
PCR #"H, ¥ ¥/=dpaift. W, Wpss R
NCBI 7££k BLAST [RIUs 1R, M NI RGuidkfl
B, B AR E o
2.3 TLC. HPLC & B #REHEH & B2 =49

WA H LG RE 7R . D B K T#E, 400
mL RIS RORIRAE R 10 mL, S0 /B9
WA R LK. oK LRERS), 10 000
r/min 250> 10 min, WYEX 8 uL EiEWUS T Ci LI
RS G R b, 5 Hup A WIS .
% (R EZY) 2010 ERRASIN VAN, R IFHIA
1E T EE-UKBERR-B2liK (7:1:2), T 365nm 44
i, Camag Hptlc Scanner 3 Z 44 #T H b B i
7% Hup A {1,

G TLC WIPRIEE R, X0 RSO 77
4L, HABWIEKRGESE 40mL, #2113 EflinA s
Mg, A 12 h, ORFEREIRAE 2T, A 4mL
PSR, pH HIHYT 4 8~10, 0.45 um AHLE D
JIF HPLC 73#r. Hi4ctE5% Yu S5V ket tT
3 HRE5SH
3.1 ISSR-PCR ik Z AL

AR Lo (3% 1FATRIR, W4l A2 W AR B

W 224K DNA VRS BEAT ISSR-PCR 4738 . 3iiJIE
BRI ARSI PR 1) FRT PRI 1 AR Rk 4t S mT
L7 SR EEMEATRNFE . PATREESNE
If . 25 uL ISSR-PCR fLiEfA R Ky: 10XPCR Z&ph
W (Mg> WK 2.0 mmol/L) 2.5 uL, dNTPs (10
mmol/L) 0.6 uL, 5% (10 pmol/uL) 2.0 pL, Tag
DNA B 41 U/uL)1.5 uL, DNA #4710 ng/puL)
3L, JTH ddH,0 15.4 pL.
32 WHEER ISSR S

Y A N AR LR R 22 /8 DNA BENLIR & 73 1%
10 13, iAW EETIWIB K E, M 100 45 ISSR
I 41 &L G Y, PN 41 SRR IETI
Hji 10 00 E I . 28R EIY, WIA
AT SR 20 DNA #3547 PCR §7314. 45 3 WLk 2.
B A YID AT 45 3, B AR IR
PRI ISSR-PCR =484 ik, ¥ 34 KN
F200~2 000 bp( & 2).10 535 18 1 3 975
Gt WAZEYEEA . FREA I &
Tk 39.75. H Popgene32 A4y, Nei's
KN Z FEPEF 1% 0.280 4, Shannon’s fi5 BG4 N

1 1223344556¢67728899

1 ISSR-PCR fALIAZR Y IEHIKER
Fig. 1 Electrophoresis of optimized ISSR-PCR

reaction system

&2 10 FMAT ISSR-PCR M5 1 R &5 44 1B R
Table 2 Ten primers and amplified bands for ISSR-PCR

EIEZE R gl BAIREE /C FHigkaat ZBERMETEH ZEMEEDE /%
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
Gt 3975 3975 100

D=A,GT V=A,CG



¢ %% Chinese Traditional and Herbal Drugs 35 43% 25 1180 20124 11 | ©2269 ¢

M124652341519342863645275361238484978234344589243956101121

M1820354255626530 1469406647 5460705761 68 711773747576 777580 81 8283

1 qH
Hh'""l'

LR

M3132333413222536262937 1641 51 59458485 868788899091 9293 349596979899 100

UBC 868 %gl*ﬁ*ﬁill’ *@

El2 3514 UBC 868 X85 A 12 N EEH DNA BIY 184
Fig. 2 Amplification of H. crispata endophytic fungi DNA
by Primer UBC 868

0.439 2. K 2. Kl 2 WIEIA0L A AZ ) AR B R R

[0 ISSR £ AP, 1% 10 4531l fE A 4

KRR P 2 U SRR (1 1 2 314

33 BENEMNEEEEERE SRR BRI HIE 3 T, (EARBME R BN 0.64 16, 2R
LLORAL TG L 10 465 WIATHT A BBk DNA B BTSRRI 11 AR JLr st DRI UR AL

47 ISSR-PCR ¥ 14, Myat o THHEL R G (& 3), N 0.67 1, X454 AL By C. D. E5 P,

I
T T

059 | 0.68 0.77 0.87 0.96

MR £

El3 ETISSREFEHNENNEERRZRLE
Fig. 3 Dendrogram of endophytic fungi
based on ISSR
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SRR 1. 2. 464 52, 48, 40, 8. 60. 32. 26,
9. 24 f156 F; 3. 21. 5. 53, 38. 11. 27. 12,
63. 64. 43 Fll 44 5, 6 F1 84 F; 10. 36. 85. 59,
31, 33, 90, 91. 92. 95. 100. 93. 96 194 5,
22, 25, 16 fl 41 5. fHULAT W, LA NAER
BRI 2R AR .
34 AR ERFH DNA B ISSR 447

PL 10 25 UL ISSR 5 | W0 ity A 42 B e 44 R
JFER 4] DNA 4T PCR $71 (4] 4), UBC 842, UBC
850. UBC 861. UBC 868. UBC 873 ¥Ju]§ 14 Hij
W22 A E 4 . UBC842 § 93545 1 4435 M 4417
CR/NZ1 400 bp). UBC 850 4 45545 2 43 M4ty
(K725 350 bp #1400 bp). UBC 861 4 135154 5 4%
TEW 4 CK/NZ1 1000, 600, 550, 400, 300 bp)-.
UBC 868 4" #i3k 14 3 45T M 2% CR/NZY 5004 350,
200 bp). UBC 873 4" M43k4T 4 S Midcity CR/hgy
1 000, 600. 400. 350 bp). Hiw[%N, AL 10
25 ISSR 51 5 45 IR il A A2 3L R 2 DNA 347

K416 ISSR 3738,
M 848 856 880 887 868 850 861 842 873 864

4 10 % ISSR 3143385142 DNA BY# 1845 R
Fig. 4 Amplification of H. crispata DNA
by 10 selected ISSR primers
3.5 NEEBEAEE Hup A B9 TLC. HPLC
S

T 13 5 R R BB ) K S35 550 I
i Hup A A AHIA] REE TR 447, DIk e 13 5
VN SO S, TP HEWT 13 5wk
A2 Hup A 17 1, DLIEL S,

MRS FAR LS E S b Jg SE 45K, 13 51
PRAE PDA 55 b, VAW & B AR R B,
SRR, e KA, A B ER 2,
RN KIS, KEER: SR LR, T

- 8 - »» 8@
“ae Q.‘
1 2 3 4 5 6 7 8 910 11 12

1 Rl 12-Hup A WG 2~5-REEBKEE 6~ 11- KR EERE

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

samples 6—11-fermentation ethanol samples

5 13 SEHRABRKEMEERER TLC 24
Fig. 5 TLC analysis on water and ethanol samples

extracted from No.13 strains fermentation

AWMz, Bt R, AT, BIE AT
EAUE. S (EREETM . (PEERED,
WILAHEWT 13 5 BN AN R . 54 5.8 S DNA
ITS {R5FIX 741, ITSIITSA 51404 1459 BLAST [F]
PEPELR R BI 13 5 B S IRARIEIN B Colletotrichum
gloeosporioides 1TS X 2 [A] B [A] 5 1 24 99% ;
ITS4/ITSS 51494 Ha45 K BLAST [IYEIELLA R IR 13
o BRI HURIE BPR G ok R (NJ BRI
76%), HHILAISN, 13 5 MO AR I — A2 T

X 13 SREBHTHOCKR R TR,  RKIREA R AL BT
ZJEHEAT HPLC 73#t. B 6 WIS, 13 5 BB
JEORAESS Hup A 0 A A RO DR B IR IR, LI TEAR
Bi, JoaeuE T, B 5. 6 ) TLC 1 HPLC 734

SR, 13 SEMEA TS Hup A VB EE.

Hup A
A B Hup A

012 0 2 4 6
t/ min

E6 AMBREMEBS (A) 13 SEHKBKESR B) &Y
HPLC E

Fig. 6 HPLC chromatograms of Hup A reference substance
(A) and No.13 strain enlarged fermentation (B)

4 g

1 ISSR 73 Fhric 5 S0 % S 1R 7 T8 245 v 4«
53 Fi138 5. 27 Al 12 5. 31 F133 5. 19 Fl1 34 5,
15 1 49 SGREHRERIFH SN /DK, HHE
ISSR-PCR #" M55 iti 2 &MEA 2R, HFETKR LA
fE W 2R T AN 40 AT 48 5. 8 il 60
.32 f126 5. 23 158 5. 67 F1 13 5. 37 Al
54 5. 30 169 5. 28 F129 5. 18 Fl120 5. 57 Al

0 2 4 6 8 8 10 12
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FREUEIEAAAE ] 22 5, WRIVA TEANRHIE . TR 22 AR &5 1) |
HFATESWEIH BAR; 9 24 5. 22 f1255. 16
41 5. 62 F1 65 S HEMER M5V —K,
ISSR-PCR # ¥4 45 Hr B N B, 1IVE TR A HREAEAREL,
HR 2 AR IAFAE BT U 1 F2 5. 46 FI
52 5. 63 Fll 64 5. 43 Fl 44 5. 35 fil 42 53X 5 %}
PIMCRGOC RN, HBEHEARRE. W2k B iE
MR AR A AL, LRI (1) ISSR Rl & H W)
A TTHEEIX 5 S HEESAT 1 ANEEFEA 100 M EFEK,
TRTEASSEE A 7 N8, 11 ISSR 73 Fhrid 2
FEOMTAPEE AT hy 11 K2 B8 T RRAEMILRECA 0.67
N, SAf4) 4 AL By C. Dy E5 AV, S84
AFRENFRE IR, 20 ISSR 23 FhridIH
RIAALE AP, sk rlsn, 0o nE
BRI E 2 AR, ISSR 2 Fhricditb 45 I
TIESHRER, NJEITF R HIX LR Rt
FEMEES .

LL UBC 868 #4441 A2 BT P AE B S5 1A
4 DNA (& 2), &g, %, DA
RIPFEA DNA EAT9 19, £ 500, 350, 200 bp
MY T T 3 405 (B 4), Hor 13 5 RBRLE 500
200 bp BJATHEMT IR 41, IERAN 13 SRR S TE
TR AAAE T L IL DR e 51 AH R 1 B 13 5 Rk ]
P 5 A A R ) DI RE G2y —Hup A,
H“ PN IRATRIS” AT HEN A A A2 AL A SR B
BCTOCHEE - a7 SRR R, IR R
B R BT, DR e AR R (A
I P AR LR AR 7 2 TR PR I oy, — D Tl R
P IAR FHREA BRI, o — 7 TR W] 44 S B T R
A FE RS, AR R . H H RIS R 4R
TR 2 B Alifl S RN A AT, X PR R
PTG BRI IE , BT TRt e R R A, —
SO ) PR S VIR . ASTRES S AL A A2 N AR
FLTE ISSR ALk (& 3), MILBE LG
AR B 13 SRARPTE S TISE B 1] /54 Hup
A EFER TSR . ARG stk a4k B et
A HMEERE . JF A H bR IhRE w Rt Ay St
(ZFEHr .
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