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Abstract; The growth-promoting potentials of 11 endophytic fungi from Tripterygium wilfordii Hook. f.
were analyzed, 11 endophytic fungi were co-cultured with tissue culture seedlings of T. wilfordii, and
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their effects on tissue culture seedling growth, leaf chlorophyll content and chlorophyll fluorescence
parameters, contents of major nutrient elements, and contents of tripterine and triptolide were studied.
The results show that 11 endophytic fungi of 7. wilfordit all possess the abilities to secrete indole acetic
acid, produce siderophore, and solubilize phosphate, among which, the indole acetic acid secretion
amounts of strains NS6, NS7, NS14, and NS32 are relatively large (greater than 17.00 mg - L"), the
siderophore producing ability of strains NS1, NS4, NS6, NS25, and NS33 is very high [ 80% <
siderophore production (SP) <100% ], and the phosphate solubilizations of strains NS1, NS4, NS6,
NS13, and NS31 are relatively large ( greater than 0.70 mg - L™"). Compared with the control, strains
NSI1, NS6, NS31, NS32, and NS33 significantly ( P<0.05) increase the fresh mass and dry mass per
plant of tissue culture seedlings of 7. wilfordii in general, among which, strains NS6, NS32, and NS33
significantly increase the height of tissue culture seedlings, strains NS1 and NS6 significantly increase the
longest root length of tissue culture seedlings, and strain NS6 significantly promotes the leaf number per
plant of tissue culture seedlings. Compared with the control, except for strain NS13, the other 10 strains
can all significantly promote the chlorophyll content in leaf of tissue culture seedlings; strains NS1, NS7,
NS18, NS31, and NS32 significantly enhance the maximum fluorescence of leaf of tissue culture
seedlings, and strain NS14 significantly enhances the maximum photochemical efficiency of PSI of leaf
of tissue culture seedlings. Compared with the control, strains NS1, NS7, NS14, NS31, NS32, and
NS33 can significantly increase the contents of C, P, and K in tissue culture seedlings, and strains NS1,
NS4, NS32, and NS33 can significantly increase the N content in tissue culture seedlings. Compared with
the control, 11 endophytic fungi can all significantly elevate the tripterine contents in root and stem of
tissue culture seedlings, and only strain NS33 significantly increases the tripterine content in leaf;
triptolide is not detected in stem and leaf of tissue culture seedlings co-cultured with 11 endophytic fungi,
and strains NS6, NS7, NS13, NS25, NS32, and NS33 significantly increase the triptolide content in
root. The comprehensive study suggests that strains NS1, NS6, NS31, NS32, and NS33 possess multiple
growth-promoting potentials, can improve the growth of tissue culture seedlings of T. wilfordii, and
promote the accumulation of tripterine in root and stem; strains NS6, NS32, and NS33 promote the
accumulation of triptolide in root, which have a relatively good application potential.

Key words: Tripterygium wilfordii Hook. f.; endophytic fungi; growth promotion; tripterine; triptolide
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Table 1  Comparison on growth-promoting indexes of different
strains of endophytic fungi from Tripterygium wilfordii Hook. f.
(X+SD)Y

3| 2 1R
Wk W/ (mg - LY

Strain  Indole acetic acid

B A T
AT =1/ % #/(mg - L")
Siderophore Phosphate

secretion amount production solubilization
NS1 3.07+0.14¢ 84.94+3.35a 0.81+0.04b
NS4 2.66+0.05gh 88.35+0.41a 0.79+0.04b
NS6 17.24+0.35d 83.08+0.71a 0.74+0.02bc
NS7 30.76+0.48b 33.79+9.21e 0.63+0.04cd
NS13 5.42+0.15¢ 42.49+0.98d 0.72+0.12bc
NS14 21.78+0.37c 38.35+1.47de 0.53+0.04d
NS18 2.35+0.06h 74.43£0.27b 0.27+0.16e
NS25 3.33+£0.29¢ 88.73+0.94a 0.53+0.01d
NS31 3.20+0.20g 52.64+1.62¢ 1.00+0.05a
NS32 33.10+0.56a 37.59+0.66de 0.53+0.04d
NS33 4.12+0.06f 88.73+2.01a 0.30+0.07¢

D EF PN E NG bR R 25 5 3 (P<0.05) Different lowercases

in the same column indicate the significant ( P<0.05) differences.
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NS25 NS32 Fl NS33 4b B (1Y 41 55 1 A% i 3 o T %
B HAth 5 PR A R AL BE S X REC B 3K 22 . AR
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Table 2  Effects of different strains of endophytic fungi on growth indexes of tissue culture seedlings of Tripterygium wilfordii Hook. f.

(X+SD)V

(L7 FARREE Bkt o BT B g FRi/ cm BRI /em BRI AR
Strain Fresh mass per plant Dry mass per plant Height The longest root length Leaf number per plant
CK 3.867+0.066¢ 0.445+0.035de 4.50+0.30¢ 4.37+0.76b 7.0+2.0b
NS1 4.581+0.258b 0.535+0.090be 4.97+0.64bc 7.73+1.07a 6.0+1.7b
NS4 2.547+0.170f 0.275+0.066h 10.10+3.55a 5.63+0.93ab 8.3+2.1b
NS6 4.914+0.062b 0.457+0.005d 9.63+4.46ab 7.53+2.81a 12.3+2.5a
NS7 2.905+0.559%¢ 0.312+0.012fgh 4.60+0.53¢ 6.37+2.98ab 6.0£2.7b
NS13 3.294+0.031d 0.296+0.005gh 7.80+4.07abc 5.70+1.01ab 6.3+0.6b
NS14 3.014£0.036de 0.377+0.069ef 6.07+0.61abc 6.73+0.06ab 5.7+1.5b
NS18 3.950+0.088¢c 0.471+0.002cd 9.63+0.15ab 7.93+£0.31a 8.7+2.1ab
NS25 3.895+0.088¢ 0.358+0.003fg 9.60+2.10ab 7.57+0.40a 8.3x1.2b
NS31 4.205+0.036¢ 0.586+0.052b 7.93+5.08abc 6.33+0.76ab 9.0+1.0ab
NS32 4.781+0.062b 0.575+0.016b 9.50+0.70ab 5.97+0.84ab 8.7+2.1ab
NS33 6.646+0.081a 0.785+0.017a 9.60+0.35ab 6.63+0.59ab 8.7+2.9ab

D CK; Xt 18 The control. %1 HAFE/INEG FHE3 8 2% % 13 (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05)

differences.
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Table 3 Effects of different strains of endophytic fungi on chlorophyll content and chlorophyll fluorescence parameters of leaves of tissue culture

seedlings of Tripterygium wilfordii Hook. f. (X+SD)"

b SRR R (mg g ) IO KA RETRE PS I B e
Strain Chlorophyll content Initial fluorescence Maximum fluorescence Variable fluorescence Max1.|{1u.m p hol(.)cheml(,al
efficiency of PS1I
CK 1.124£0.013h 200.00+24.56b 747.00+33.05b 547.00+£19.97¢ 0.733+0.025b
NS1 1.931£0.012e¢ 236.00+20.00b 1 005.00+20.42a 769.00+£25.24a 0.765+0.020ab
NS4 2.057+0.020d 211.67+35.80b 864.67+175.23ab 653.00+142.16abc 0.753+0.021ab
NS6 2.512+0.018b 186.67+23.46b 836.33+155.85ab 649.67+133.19abc 0.775+0.018ab
NS7 2.044+0.035d 320.67+12.66a 972.00+84.18a 651.33+77.51abc 0.669+0.025¢
NS13 1.072+0.039i 295.00+93.62a 864.00+86.54ab 569.00+40.85bc 0.663+0.084¢
NS14 1.663+0.060f 176.00+7.55b 860.67+56.89ab 684.67+50.90abc 0.795+0.008a
NS18 2.738+0.047a 217.00+9.54b 998.00+12.49a 781.00+21.93a 0.782+0.012ab
NS25 2.456+0.012¢ 226.33+18.01b 904.67+89.91ab 678.33+78.62abc 0.749+0.020ab
NS31 1.527+0.017¢ 224.00+17.78b 939.67+21.73a 715.67+4.04a 0.762+0.014ab
NS32 1.663+0.010f 193.67+18.01b 921.67+113.39a 728.00+98.06a 0.789+0.012ab
NS33 1.910£0.015e 200.33+5.13b 902.00+12.29ab 701.67+13.01ab 0.778+0.006ah

D CK; X} 88 The control. [f]31]HA[F/ING FAEF R 22 5 1 % (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05)

differences.

F4 FENEEHERNELBAESES CN.PHK SEHHMN
(X+SD)V

Table 4 Effects of different strains of endophytic fungi on C, N, P,
and K contents in tissue culture seedlings of Tripterygium wilfordii
Hook. f. (X+SD)"

Witk HICEFE/(mg - ¢™')  Content of each element
Strain C N P K

CK 47.17+0.56f 1.83+0.07e 1.27+0.05d 3.77+0.13d
NS1 54.68+0.59b  3.82+0.05b 1.57+0.09abc  4.43+0.15a
NS4 51.78+0.30c  2.36+0.09d 1.47+0.04cd  3.81+0.08d
NS6 49.65+0.14d  1.79+£0.04ef  1.55+0.10abc 3.79+0.08d
NS7 54.50+0.41b  1.88+0.06¢ 1.70£0.13ab  4.38+0.09a
NS13 42.93+1.43h 1.63+0.10g 1.74+0.09a 3.48+0.03e
NS14 57.29+0.52a 1.80+£0.07ef  1.49+0.07bc  4.32+0.09ab
NS18  42.89+0.16h  1.83+0.03e 1.48+0.12bed  4.00+0.05¢
NS25 45.97+0.21g  1.69+0.03fg  1.62+0.17abc 3.68+0.06d
NS31  54.95:0.18b  1.65+0.05¢ 1.66£0.06abc  4.14+0.06¢
NS32 51.39+0.40c  2.71+0.06¢ 1.75+£0.24a 4.17+0.06bc
NS33 48.57+0.19¢  4.34+0.09a 1.62+£0.13abc  4.16+0.15bc

D CK: Xf 88 The control. [R5 o AR [RI/ING FH K om 2 57 8 ¥ (P<
0.05) Different lowercases in the same column indicate the significant
(P<0.05) differences.

FIRRALBRA ARG T C & W3 X R Hod ) Bk
NS14 4B LG T C & it &, W BR NS1,NS7 il
NS31 A ARG H C &b s, BT & T
15.5% ~21.5%, 1% Kk NS1 NS4 NS32 FI NS33 Ab#f
MILH G N & & 0 3 S T B B B T
29.0% ~ 137.2% , Horr, kR NS33 AbFEXTAH 51 N %
SRR K, R Tk NS1 A3 HoAt 7 Bk
MR BRGNS ir sl EN TR, 5

XFIRAH LG, 11 AR FRAL B L 55 P & B A ot
i, Horh ) NS1,NS6, NS7. NS13  NS14, NS25 NS31,
NS32 il NS33 B MRAL B4R P & 8 W& & T Xt
WA BBk NS1 NS7 NS14 NS18 NS31 NS32 Fil NS33
APPSR K O a2 T IR A 4 R TR P
A FRA LIS K B DA i i 5 I B
23 HEERMNELABAEEPFEARIEZMEL
HEREESENEN

AN 7] DA A TR TR R R B N TR 2 T i T R S R AL
EMEAERRGEMZMILES, HES TUE
11 BRTEAR AL B B A AR AR h R A LR
FHEEE (P<0.05) /5 T X T T 3.3 ~
10.34% , Hirh  NS6 [ NS14 Fl1 NS33 4b 35 (1% 41 15 i AR o
ARG B W = T IHAL ARG R NS4 |
NS7 FINS31 AR A KGR R A L1 R & i g
L W E R TR S MRIAMRAL L, 11 BR DA AR AL BRI
HABHE PR ABAR SRR E R TR, &
SRR TL i T 48.7% ~ 104.2% , Ho b T bk NS7  NS18
FINS32 b A TR ABAR TR EE S
FTHAb ERRAL P AR NST T NS13 4b B A 20 85 1 25
AR WA, WA BRI AR R
TR AN LD R B B 5 BRI A AR NS33 4b
BRI R T B AR R S B TR H
il 10 BRI PRALHE 50T HE TG I 3 25 57

TR W 2SR B R AT R
B KR NS6 \NS7 NS13 NS25 NS32 Al NS33 4b H () 20
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®5 ARNEEHEHNELABAEHPEABRLTMEAERE
ESRHHI(X£SD) "

Table 5 Effects of different strains of endophytic fungi on tripterine
and triptolide contents in tissue culture seedlings of Tripterygium
wilfordii Hook. f. (X+SD)V

AL PR AL R 5/ (mg - g71) A E AT R

bk Tripterine content in different parts i/ (ng g™
Strain Triptolide content
R Root 2% Stem 5 Leaf in root

CK 0.275+0.006e
NS1 1.727+0.061¢
NS4 2.552+0.034b
NS6 3.070+0.047a
NS7 2.544+0.041b
NS13  1.557+0.005¢
NS14  2.946+0.045a
NS18  1.567+0.338¢
NS25  1.181+0.034d
NS31  2.680+0.275b
NS32  1.674+0.115¢
NS33  3.095+0.080a

0.431+0.035¢  0.408+0.044bcd
0.757+0.015bc  0.415+0.058bed
0.645+0.020d  0.413+0.008bcd
0.668+0.074d  0.401+0.005¢cd
0.877+0.022a  0.382+0.071cd
0.795+0.008b  0.415+0.011bed
0.641+0.028d  0.429+0.013abc
0.880+0.032a  0.356+0.025d
0.697+0.046¢cd  0.473+0.050ab
0.656+0.054d  0.409+0.011bcd
0.870+0.006a  0.370+0.024cd
0.661+0.097d  0.488+0.034a

26.500+3.119d
2.200+0.458e
28.233+5.052d
56.633+3.180¢
83.133+12.195a
58.433+5.201¢
5.167+0.635e
9.300+1.114e
57.167+2.892¢
4.833+1.234e
72.533+13.039b
68.567+4.306b

D' CK: %t The control. A% ARF/NE FhEF R ZHF B F (P<
0.05) Different lowercases in the same column indicate the significant
(P<0.05) differences.

TR TR A R g W T AR Hrp TR R
NS7 ARG AR T TR A R A i, B S
FH A R AL 3 B AR NS32 FI NS33 4b B ) 41 85
MR T 28 1 o A 5 BT BR NS1.NS14 NSI8
1 NS31 Ab 35 %) 41 35 B AR rh iy 0 T Y 2R % o i IR
FXfHE
24 EHHEE

ZiA LR B IE 45 5, B R NST . NS6,NS31,NS32
F1NS33 H A7 {2 A= 08 1 H e t% B A1 i0F 7 A 1 4 435
HAK BEROEHRE REHEABARZAEARET
FEO R S BRINAE BRI T4 T4 . BB NST
N Fusarium nisikadoi'™’ B H Ay 4 RR R RRE B 268
rDNA D1/D2 XFH ¥ 51 7E NCBI H i 4T BLASTn b
XLMERGE L BW, SR ILE 1, K1 LE
L AR NS6.NS31,NS32 Fll NS33 4 1] 5 15 4 75 %
( Penicillium steckii ) ,Z=t.5¢ 15 HB R BERE ( Meyerozyma
guilliermondii) &R )& 7 ( Hypocrea nigricans) FIZR
AN ( Fusarium oxysporum ) A R — 4 3 I,
BLASTn Fb X7 SUARRAME Y 35 99% ., HEMI R R NS6 |
NS31.NS32 1 NS33 4351l J& T 75 25 15 J& ( Penicillium ) |
11 HE EC %) J& ( Meyerozyma ) | R JE Tl J& ( Hypocrea ) F11
BT & ( Fusarium) , 4 TR #& NS6,NS31,NS32 Fil
NS33 () ¥ 3 #& % GenBank, & 3% 5 2 % K
KP715295 KP715296 .KP715297 il KP715298,

9 NS33
Fusarium oxysporum (HM210091.1)
Albonectria rigidiuscula (HM042412.1)
79 Cyanonectria buxi (HM626673.1)

87

100 L Dematiocladium celtidis (AY793438.1)

——— Pochonia bulbillosa (AB709807.1)

71 Sporophagom yceschrysostomus (AF160234.1)

@'_E Cladobotryum asterophorum (DQ376085.1)

NS32
Hypocrea nigricans (JN941464.1)
——— Neocarpenteles acanthosporus (AB003809.1)

Chaetosartorya chrysella (U15506.1)

98
39| Hemicarpenteles paradoxus (U29819.1)
NS6
Penicillium steckii (KF562346.1)
Brettanomyces naardenensis (AY969108.1)
100 Pichia guilliermondii (GU943504.1)

Meyerozyma guilliermondii (KM222318.1)
NS31

9
39
35
100
35|
96
20 Erythranthe lewisii (KC160549.1)
QEE
22

G332 i B AR R A 4 WA % S 8L The values on the branches
indicate the frequency parameters of each branch. &5 #1454 GenBank
%555 Nos. in brackets are GenBank accession numbers.

E1 BAK4KEENEERN 265 rDNA RELXFH
Fig. 1  Phylogenetic tree of 26S rDNA of four growth-promoting
endophytic fungi from Tripterygium wilfordii Hook. f.

3 i frga

WAE B RS FHEY A KR E BA R
PR AR AR FURIB 2 N TR A e R 1
PR o | B VA e T RN 5 A0 PR TR A B A
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PRE 113 5L BT N 2R BT Alternaria A7 53548
T HHEE ( Nicotiana tabacum Linn.) B AR A+ 57
TR B N A T BEAS B Alternaria sp.
CGMCC 17463 BRI T 846 H 18 ( Medicago sativa
Linn. ) AR e A 50T B, do i 1 AR
AR L 5 TE A AR W IR R B
NS1 NS6,NS31,NS32 il NS33 ik I it 3 (P<0.05)
PR T 2H 5% 00 bR B 5T R T BT AR, T AR NS6
NS32 il NS33 X ¥k i A & e dE A, i Bk NST A1l
NS6 X e AR AT e ST, itk NS6 B .25 1
TR P, B T S R R AR N AEAE BB H AR K
M ECT , {H 3 BB A A P A TR H AR R 5 55
KRBV FENAAFAE2E S N AR LT A A R0 A A W)
A2 S AT RE IR T AN IR N AR LR AR AR DL 25 5%

A L BAT A W 1 R A R O AR R OR
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33 4%

AR I B SRR X AR A K R B A R
YEHPO UNERIRZE S5 ( Phoma glomerata) F1 5 B
B ( Penicillium sp.) BEWE 53 Wh 7% 55 R FIIS W 2 1R, M\
17 K R A K B VR R A %
22 M B (Aspergillus welwitschiae ) & W% ¥4 hn K &
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U AR A: N AE LB T TR AR NST BUA BT
7 R AR W BE T, Bk NS6 1y P gkl s ik
HINSI W £ 12 7 14 RE ) 4 #505i , T bk NS31, NS32 Al
NS33 733l FAT 55 v VA i 151 ke £ TR 73 10 R 7 8k 40
TRBE T o BRAAY A 7 A5 R T LR ) FIAE )4 3R A
BB . AWTIE R SR T ) TR Y R
NS1 Fil NS33 P HA AR i 1 7= ik 2 A g 1, Ho A 5%
WARIE T Re/ BR BRI iR T TE , iSO =% ( Cymbidium
aloifolium ( Linn.) Sw ) B N 4 R 4 % 71 &
CAF1' 3 H AR /) 1 Lo BOw i ) i Re A= 7 B
ZREUARS . BERRER R Y B TR )
A XS BER WU, EAT W BEBE 1 Y 2= o 52 01 1S TG 1%
£ CC1 BBHE M £ K (Zea mays Linn.) 7= 1, FEARAL
JIECR AR (5 AT 0| Wi 2, i e AR R 25 A K 1) T B
7k E S ST PN NG A i
WIS , WA AR T B D LWL3 e 8 42 i /K A 25
NN LIS S-S DTN willlinss S g - RER =L
W LR I BE 10 M T3 (Salvia miltiorrhiza
Bunge ) HRFHB2H 1 (5] Bt 19 15 46 75 8% DF33 BB~ 5|k &
(LSS 1 A NI /Ay 3 T v R o N = R S N
PEAETE 7, %1 FE A B AR A e RN AP AR 22 57
TR o BRGSO AR R 4
RIS WL SRR S FIRAER YOG A R i
PAHRCR EE SR, AV, BRIE R NS13 4b,
HoAth 10 BRIV ZE HA SRR B & 4 S B A R B B
-4 3% A ik BRI Pk NS1 NS18 NS31 I NS32 i fil & 42
R ALES H R R PO IR AR 51, TR Bk NS14 BE
PR ARE i PS I & KOG 2ER0R X Sy
ONTEN A ELRE O AR PS 1 M 1% i A PRI AR
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AR OCHYAE 1) 1 2 32 35 5 A0 PS I DG Ak 22 ROR B
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