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Z 28 WA MILE B Fusarium;19 ¥k A F BB Penicillium;15 # A % 5% B Phoma;12 # A 4% 4%
J0 8 Alternaria; '€ 6 ¥k %\ A & % & Gibberella. ¥ & B Aspergillu, .3 % /& Ilyonectria. %%
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1 #MR5RH*®
L1 iRgesk

HOER T R A AR TR L S A A S b, 20 R
R E IR HR L E AR =57,
L2 R8sk
L2.1 SEshsrimir kwl& s PDA R 5
B3 200 g, HIZIHE 20 g, BEBEM 7 g, Z&81E K 1 000 mL,
8 ik B 200 g A3, VR K DR 4%, I AR
187K 1 000 mL, in#E R4 0.5 h, Fl 4 EL0A5 o g B g
W, I 7 g SRR » IR (e LA A, B ABEAR L
20 g BZHE, ZEBAKAN R E 1 000 mL, 3 P48 H 75 /0 1A
fift, /3% 7E 121°C KH 20 min, %5 .
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1L.2.2 FHYHLREHEE KR M H = SR ARk
IR TE U8 1 KA ST, #2 DL T A R AT R T
THEE . 7EAR K PR 30 min, KL 1~2 h EF
FIAIR B PIRYIAR 1 em X1 em /MR IEBE S TAES
HHA TR R TN B Je 75 Y0 FOTEDRS L YR 3 min, JC
B K PE 4~5 ¥K,0. 1% FH RIS YL 3 min, TG K #f
T 5~6 W, KR IRAUK TR HK 5, & H .

1L.2.3 REHBICRWKE WAERESESRES, R
A3 DA X FRAC BER A OR BT A8 TR AR ¥ S B N AR LT
B EHN R RN R AE LR 5 AL, B
F PDA ;3834 10 min, 28°CfEIEEESE 1~2 &, W
HREAARFAK. HR BMEHBEEREERE—
i PR TC R K IR AT T PDA ¥ s, 28 CHE IR ¥ 57
I~2 ], MERRAEEARK. Ub2FykPEsH
SR TR TE AR WU AR 5 ) 2 T 2% R R IS
BrZs, )2z, WA 7 4 5 30 R T B 1 A RE, 3% 2%k
K4,

L2.4 WAHWEMSBES4AL RAASREHTA
AEEREM R, BRI TRIT AEBS TSP, K
SEFET BRI FER 2 1 em® H9/NER, 452570 F PDA
KEFRETAR P (3 B/ , 3 60 &, KB AU
WRETFRERE AT 28CHEEKEF, B8 RIE, HHLH
YUh G A B 2246 1, W0 57 B DR 22 v % B2 A BT
i) PDA s B AT A AL 5%, EZ W% R —, difb)5
FIBEMET 4 CUKFRP R & .

L2.5 MENAEEREMEE KA CTBA KIRRE
W4 DNA, RAEEZEK DNA A5 %
f% X (internal transcribed spacer, ITS) i@ F 5| ¥
ITSI/ITSA P ¥ BAr X3, ITS ¥ @A M5 90
ITS1 (5" - TCCGTAGGTGAACCTGCGG -3") Fil 1TS4
(5'-TCCTCCGCTTATTGATATGC -3, f1 b4 T4
YWIRAFR A M. 20 L PCR R A FR K10 pL 2X
Tag mix, 1 pL ITSI,1 pL ITS4, 2 L DNA #E4iz, H
ddH, O #h 2 20 pL, $HEFEFF:94°C 4 min; 94°C 30 s,
55°C 30 s,72°C 40 s,35 PMEH;72°C 3 min, 4 CI-FF.
PR RAE RIATAY TERARNF., W)FssR
&y Chromas 344, 7E NCBI ) GenBank g 2+
T Blastn #8240 LB I i 0P FIME M S H 751,
HHATRAERE S E, kA DNAMAN X ¥ 51
HEATALBR A4, 3 MEGA 5 B RGE KB W, T #
ZWFH, LA Kimura2 S50 GEE B, 4R 3%
BHERGEKEW.

1.2.6 WAEEMBEZHEST URNEEENSGS
B & (isolation rate, IR) . %€ 78 % (colonization rate,
CR) . HH XF #i 2 (relative frequency, RF) K 22 ¥ M 48 %k
(biodiversity index, )5 tri BRI 45 R, B RIE
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JITAR A PN A T P AR5 10 BT A 4 B B LA
FEFERIRRE ST B N AR A W AH S g 5 A 4
BB, MEXCRIEHER P EREMRNERER
FO TR ARE 40 B ) B AE E AR A 4 3 B R
RER LR NA REAZEYEANNESE. FIH
Shannon-Wiener $§%((H) .35 5) FE18 8 (E) i+ Z M,
H=— 3 PInPE =g RS HAKMT.P
5 M Z B LB (P =ni/ N,ni &5 i MR TH
MR, N=22ni , N 2T A EHRELEAD . H REFHFEERE
it HitBE AR BHEP AU LSRR TH
IR, H HEAR HERSNELER
AR,
2 BRESW
2.1 HWEAERBESE

Xof by B 2H SR A T A 1 R T B B H
SYES YL, N B HRZE R ALy B 1R B 81 MR AR FLA , BAE
XTSRRI A i — 20 U B 40 B O vR T
. KIEG N, A L 4B R 49. 0020, WA
ELTH W ETH Hy 46. 67 %,
2.2 WAEHEK ITS JFHI5517

2 PCR 4" B4 FI 7, 81 PR3 A E WY ITS 7
515 GenBank H1 i 14 Fh EL B8 19 2% J¥ 51 A0 R 18
BSWE BT 88 14 F, MR 1 AT A, AR
(Fusarium) 3£ 5 B 15 3 28 4~ 1 #, o5 40 5 B 50
34. 57% ; W % B B (Penicillium) , 3£ 4y B 15 5] 19 4>
T, i 7 BB 23. 46 %6 5 25 s R (Phoma) 3£ 53 55
) 15 BB o5 2 B BB 18,5200 ; 4% fiL B (AL-
ternaria) L5 BIARE] 12 NTERK, & 40 B8 B 14. 81 %
P4 BoAHEANAEBEENRSER. FEER (Gib-
berella) , )& (Aspergillus) ¥ 3B HE 3 2 MNEMKE; B
S+ TR B (Ilyonectria) . B5¢ )& (Chaetomium) | Seto ph-
oma BEWHRA 1 bk,

ZRBHERB INBNERE, HPRIIERE . FE
JB& AR FER IR LA RE . Shannon ZAEMETE
R 2. 031 9,395 FE R 0. 792 15 Ut B H 55 N A L R B
AN EABRENZHY R ENERREES.
2.3 A[FITER 1TS FP3 28 507 i 504

Xof [ — T8 e #E A7 WL 1] ) » Seqman R AE PR 2.
F DNAMAN % 4 5f [7] J&8 [m] AN [7) 7 0k DF 42 fir 1% 1TS
PR3 k4T 2 7 5 Lu X, k R A E 8 BBl A8 5 (3R
2),G+C ERBMA—EMER. FEIE 17 BRI
B (Fusarium oxysporum) [B]A 2 S AL & 4 BT
FPHIMSE 11 (7 558 197 7, 55 11 i A B3 A St
K5 197 Ak T-G Bife; 6 vk JE 10 5k 71 55 (Fusarium
chlamydosporum) [BITEFFFN IS 54 FIAFTE 14 CA #54;
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Table 1 The isolation and molecular identification of endophytic fungi from R. glutinosa
We s 25 B Tdentification result B RRER B R
B% A HF B RS Vo117 Isolated strains  Isolation frequency
Genetic name Species name GenBank ID Isolated strains number/ 4~ /%
DH2,DH9,DH16 ,DH20,DH26 ,.DH28 ,DH33,DH34 ,DH38
Fusarium oxysporum KP186120-23 17 20. 99
DH40,DH42 . DH43,DH44 ,.DH46 ,DH48 .DH51 ,DH53
. . Fusarium chlamydosporum KP186124-25 DH31,DH45,DH50,DH55 . DH56 ,DH58 6 7.41
usarmuum
Fusarium solani KP186135 DH49,DH54 . DH17 3 3.70
Fusarium sp. KP186136 DH73 1 1.23
Fusarium redolens KP186137 DH8 1 1.23
DH3,DH5,DH12,DH13,DH15,DH18 ,DH24 ,DH47 ,DH61 . DH65 ,DH68 ,
Penicillium Penicillium ozxalicum KP789321 19 23.46
DH69,DH70,DH72,DH74 ,.DH76 ,DH79 ,DH80 ,DH82
DHS6 ,DH7 .DH19,DH22 ,DH27 ,.DH30,DH32 ,DH35 ,DH37
Phoma Phoma novae KP186131-34 15 18.52
DH59,.DH64 ,DH67 ,DH84 ,DH85 ,DH86
Alternaria Alternaria alternata KP186126-29 DH4 ,DH10,DH23,DH25 ,DH29 ,DH36 ,DH60 ,DH63 . DH66 ,DH77 . DH78 ,DH81 12 14. 81
Gibberella Gibberella intemedia KP789316 DH52 . DH57 2 2.47
Ilyonectria Ilyonectria torresensis KP789317 DH21 1 1.23
Aspergillus Aspergillus niger KP789318 DH62,DH71 2 2. 47
Setophoma Setophoma terrestris KP789315 DH39 1 1.23
Cr i Ch. tum sp. KP789320 DH41 1 1.23
=] 2
x2 WENERBRAREK ITS FIERAMSR
Table 2 SNP sites in ITS sequence of different endophytic fungi strains from R. glutinosa
P AR LR (G+0O %8k R B b5 fRFT R Sy B
Species name Variable sites G+HO% GenBank ID Representative strain Isolated strains number
B TAQ97) 48. 86 KP186120 DH1 7
AD TAQ97) 48.76 KP186121 DH9 7
Fusarium oxysporum
AL G(197) 48.97 KP186122 DH44 1
k(11D G(197) 49.07 KP186123 DH43 2
A4 49. 90 KP186124 DH31 5
Fusarium chlamydosporum
C(54) 50. 31 KP186125 DH50 1
B C(449) {3k (463) 46. 50 KP186126 DH4 1
A9 T(449) {3k (463) 46. 21 KP186127 DH10 1
Alternaria alternata B T(449) R (463) 46. 30 KP186128 DH23 6
B T(449) T(463) 46. 21 KP186129 DH25 3
T T(449) {3k (463) 46. 21 KP186130 DH60 1
T®6) C(13) T(197) 48.57 KP186131 DHS6 9
T®6) C(13) G(197) 48.78 KP186132 DH59 3
Phoma novae
T6) HRrA13) TQ97) 48. 47 KP186133 DH86 1
C(6) C(13) TQ97) 48.78 KP186134 DH67 2

12 ¥k HE IBACSE M5 (Alternaria alternata) [8]H 3 PNAER
BLE AL T RN 56 9 7, 56 449 (L 5% 463 i, H
HREE O AR B AE AR A BB G A T-A Bk, 55 449 {if
Oy C-T et 58 463 il T HHH ABLELK 515 MRZE B
J& (Phoma novae) [AJFFHE 3 78S, 0L T FR 31 Y
556 0,58 13 2 558 197 i, HAp g 6 iy CT Hde 58
13 {2y C B AR K, 55 197 LR T-G Biffe; HER
2.4 MWENEREEWRERLT T

Xf 26 HREARMERNAEEE ITS-tDNA 731,
M GenBank | F#AHXS%F5, F ] MEGA 5. 0 f§ [
NJEWEERELEW. WA 2 s, k5515 2
FA) A A EC R A AT DA AR 20 [R] P50 L A i 1) [R5 AR
R IX TTS pofR~F PRI, 204 AT 45 LA DH1,DH9,

DH44 .DH43 AR 4 MER, BARTE ITS [¥ 51 3
A5 SNP i 548 5 ABATS 34 J& T4k 70 B B R ik U 1 5
[F##, DH31,DH50 % 4k 7] i J& J& 18 4 7 14 ; DH4.
DH10,DH23, DH25 %y . [f 3 %% #1 % ; DH6, DH59
DHS86.DH67 h H B8 .

MWER G kT W], DH52,Gibberella intemedia 5
BIRBRAE—X B TFHREREARIIEN TR,
L E ITSTDNA 751 5 % 71 1t B A 8 A DL .
))& MRS [R) B Ak 22 [8) ITS-TrDNA P8 BARFEFEE
IS B HAERE LB W IR SR AR
H—2&, XULH ITS-tDNA J7 5l BE3 47 Y X 43 b 55 P4
A BRI SRR R 22 5
3 itig

NAEBREREFZGAEYNERETLBRFER
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DHI1

DH9

KJ696537 Fusarium oxysporum strain HG11062717

DH43

DH44

DHS50

KF494035 Fusarium chlamydosporum TVD Fungal-Culture37
DH31

4 rDH52

HM214445 Fusarium solani isolate M
100-DH49
KF428711 Ilyonectria sp.osu ktma 12
100' DH21
100] KC425241 Chaetomium globosum isolate HMUABO 823103
DH41
100] GU980968 Penicillium funiculosum strain TS08
47 DH70

100] IN227001 Aspergillus oryzae isolate SZ8M-20
100 DH71
99 DH68
49) IN227039 Aspergillus niger isolate J8M-32

100/ DH62

1 ETFITSDNA FIlHMEMENEERRER TR
Fig. 1 Phylogenetic tree of endophytic fungi from

R. glutinosa based on ITS-TDNA sequences
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T Lo B B, X 24 FHAE ) IR Y T R 5 R P IR
AR B A S BRI R HMME .

HTFE A B R ZE T B 1R B 81 BRI AR FLA R A
TN ETFBRES TSR, KR THRAEER . FE
B EAER SERARE SRR SR, L RRRE BT
JBAE . BB A AR FL R R AR M A P AR
B ZARAE , P SR R 552 B4 A At SR ZE AR AL
SEMANAERRE. XA RESHIS TR B IR AR
RIS, S L B TR VR INAG Y
FHA LR AR FRIE A FE TN A LT W] RERR 2 04
PREFRIN T A5 — L0 RAE T LS M B AR i
M AR EL TR o0 B, DU R R L FLER TR e LR
TR A TR, WER SN e A KRB
AT R B E] 1 R ERR YR B K I
TNAEE , BN A B EXT IS T4 N IR A
BRI XA T RE R 2 N AR 5 A E R
IR, RRZS YN A R E & — RN R
WYL IES RN A TR E SRR, BT AR R g
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PV B RS IR AR LB

i F AR5 BT R i 9 28— 1TS JF 5 R RE 58 4 % e
RFEWAEBEEBREYFEHZER SR RERT T
B AR AE — 8 BRIA SF R RR A R R, 73 F AR e
EWAHEFRE . fEE DNA & 205 AR AW
SEE SO B B IF & N 4 AW T E N
A EL B A 2 8 AR H A L FH AT S Al A B

WY W B EA RR =4 5 18 EAE Y AH R 2 A
BIA SRS RE F7 . 1993 4F,STROBEL 20%) 74T &
TR B BB % 7 A HoAm 0 e rh BB BB Y R A
B NEBRERZ G KEXTHEY WA BEREEEER
P R ARIE™ , N2 FIAE 4 P9 A BB vk A AR T 4
FEREHF FHUME IS E LR NEY N ERH
WEFT RS . RERE 200 DUF A ot B P 40 B iR A5 3 —
BT b B RS R 9 AR AT 25 A R A TR SRR AE
Ry FH W53 W7 55 TF B 5 L 78 O W ZE TR B
BEEES WM 4B 8 BRI B R A N A
Y, X & W O A IRE RS R E e
YR Ec9706 ¥ EIMHIIEM . B LA, FEEF
FEMEANAEGE L, RN BN EREREETF, S BEL
FE A SRS A E T RAERE RN EER
B, B 8l RN EE MR ETT
b B P A L T P VR o R — 2 O o A B B R TR
HEMEARRSHNEEREAERE X,
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Diversity of Endophytic Fungi From Tubers of Rehmannia glutinosa Libosch

ZHU Yunhao,DU Zhenhui, DONG Chengming, LENG Muchan
(College of Pharmacy, Henan University of Traditional Chinese Medicine,Zhengzhou, Henan 450006)

Abstract; Taking tubers of R. glutinosa from Wen county in Henan Province as materials, the plate cultivation methods
were used to isolate the endophytic fungi. The endophytic fungi were identified based on morphology and ITS-rDNA
sequences. The results were analyzed by the indexes such as isolation rate (IR),colonizationrate(CR) ,relative frequency
(RF) ,Shannon-Wiener biodiversity index (H). The results showed that 28 strains were classified as Fusarium,19 strains
were slassified as Penicillium,15 strains were classified as Phoma,12 strains were classified as Alternaria and the other
6 strains were classified as Gibberella, Aspergillu, Ilyonectria,Chaetomium. Among the isolates, Fusarium, Penicillium,
Phoma,Alternaria were the dominant genera. The composition of endophytic fungi community had a certain diversity in
the tubers of R. glutinosa.

Keywords: Rehmannia glutinosa Libosch;endophytic fungi;ITS
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