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Abstract: Objective The genetic variation of Callicarpa nudiflora germplasm resources was analyzed, and the molecular markers associated
with the content of effective components were discovered, so as to provide references for the breeding of new C. nudiflora varieties. Methods
Variability analysis was conducted on the content of effective components in 103 C. nudiflora germplasm resources, and 14 SSR markers were
used for genetic structure and linkage disequilibrium analysis. Based on this, association analysis between SSR markers and the content of
effective components was conducted using the general linear model (GLM) and mixed linear model (MLM) of TASSEL 2.1 software. Results
The results showed rich variability in the content of seven effective components in C. nudiflora, making it an ideal material for further

association analysis. Population genetic structure analysis indicated that when K=3, the test materials were divided into three subgroups, each
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with rich genetic diversity. AMOVA analysis showed that the variation mainly existed within individuals (61%). Among 91 paired SSR loci,

both collinear and non-collinear combinations exhibited a certain degree of linkage disequilibrium (LD). Twenty-one paired loci supported by
D' statistic probability (P < 0.01) accounted for 23.08% of all loci combinations. D' values mainly ranged between 0.3—0.5 and 0.5—0.7,

accounting for 84.62% of the total SSR marker pairs, indicating a lower probability of gene recombination and mutation among the selected

germplasm. Association analysis revealed that in the GLM model, 11 markers were significantly or extremely significantly correlated with

seven effective component contents (P < 0.05, 0.01). In the MLM model, six markers were significantly or extremely significantly correlated
with four effective component contents (P < 0.05, 0.01). In GLM and MLM models, CnH305 was found to be associated with forsythoside B
and luteoloside(P < 0.05), CnH155 was associated with luteoloside and acteoside (P < 0.01), and CnH156, CnH357, and CnH205 were

associated with isoacteoside. Conclusion The tested C. nudiflora germplasm exhibits rich genetic variation and a certain degree of linkage

disequilibrium. Five SSR markers were well associated with the content of effective components, providing a theoretical basis for molecular

marker-assisted breeding of C. nudiflora.

Keywords: Callicarpa nudiflora Hook. et Arn; SSR markers; population structure; forsythoside B; luteoloside; acteoside; isoacteoside;

association analysis
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Table 1 Different sources of C. nudiflora materials
KU Hb ¥ T pi Y SRR % i A

HHEADE 12 HARE. FHAERE R =TT R IEX 1 AR
AR 11 HARE A =T A X 2 HAEBE
M I 8 HfA:BHR R KR 30 BPARBOR. CREFAROR
IR A TR i 8 BRAEWRUN. PEFAE IR i AT 1 BAERE
HRAME O REX 5 BPAE B Vi 4 T T 1 BRI
A O REX 2 BRI AT R 1 PR
A RARE 6 MFABRE Vg A TR 1 PR
EHAELE 6 FAEEE IR LT RR R X 1 A BE
PR 6 FAEEE ITARE R ATTHRE X 4 HAERE
A EILE 5 A BER PG L T AR X 1 BFAERE
B E T 5 BFAERIE. CEEAERE VR T TN T X 1 CREPAEBTE
HEEALER 5 BFAERIE. CEEAERE IR R T R L 1 BFAERE
A M T 4 BFAEGHR PR N T R X 2 AR

PUFAEGLURR FORAEKAERT b, SRR R IR, W AT TABET . BRE. HEALSEAE GHE AL B U

Semi-wild resources refer to resources that originally grew in the wild but were later discovered and transplanted by people, who then carried out related

cultivation treatments such as pruning, weeding, and fertilizing.

~F)), KingFisher™ Flex BUZIRIEIUY (FEER WA TR
AFD, Mikro 120 B & EOHL (MIKRO AFD,
VDYY-6C BUHKAX b A— R EIRAFD,
eriti 96 & PCR X (EENHAMRFAAFD, Gel
DocTM XR BV AMHTA (EEMASRAF]D, 3730XL
RIFEPR AT (GEEN ARG AT

SHIE S IEERR (LS Y17D6CT7672). iERIBEE B

(#1b'5 201401200 ABREH (5 Y23S7TH21785).

FEEIEPE (LS PMO321SA14). FREICRT Git
5 HAO820KA29). 7 &K-7-O-B-D-Hi%iiH (LUK
TR SE R PETE, S P2ON6F6297). ARHEER (it
5 YOID6S6815) YR T Figiim- A4 245 A W],
HRENEIIRT 98%; LIENEIEA LB
A R A D, HARRFII N4, KN Merck
Millipore ZH7/KHLH & [FIHEAK . 2X Taq PCR Master
Mix CGEEZEERETATD, BllghE GEERERZET A
7)), DL2000 DNAMarker (EEIEHZETAFD, W
PRiZIEAIZH DNA R0 ORI IR ARD,
3@ 5 /5 Fekrid 51 (CR—EE AR AFD,
GeneScan 500 LIZ Size Standard CGEE N A RGN
H]), POP-7 Polymer (EEMNHAEMRSAF]D, Hi-
Di Formamide (GE[ENHEYRG AT
2 7k
2.1 BYESEENE

S AR R TR A S UV ST R AR S Bk 7
A BCRAR R T2 T3, X 103 40448 SR Bk M 5 %t

TR 7 ANERRS B AT E, FEER R 3 A
HE, BCPE.

2.1.1 IREXIE S o R S AR LS
HEIMMERR . KR E RS, BTAFE 10mL %
B, NN 70% 008 B R E 2. 4 R
FRBUE 2 EME T By KBEEF . BEIERE.

FEEEREE . rEREEENRES, BETR—10
mL EH, ITANER 70% 60 5 R R )5 N
N F I i PR A 2R R HE A 1 mL €
7o RIPCH S umHERR 0.016 mg/mL. %A 1F B
0.23 mg/mL. ABEF 0.062 mg/mL. LT
2.01 mg/mL. REEIRTE 0.25 mg/mL. 7R
P 0.16 mg/mL. AREZE 0.02 mg/mL KRG
Xof B BRI

2.1.2  HHA AR IIH & RS RIRIE KRR
A (F20 B 0.5g, BT 100mL S8 F, N
N 70%HMHEE 25mL, 7E 40 kHz. 400 W 2&1 T
FEHL 20 min, MREC EEIEW, 0.22 pm FFLIERES
V€, EXSEEML, RIS A A

2.1.3 GiE& MM Agilent-TC Cis ta 34 (250
mmX4.6mm, 5um); WAL (A) -0.4%H
B2 (B), BHEEVER N 0~30min, 8%~16%A; 30~
45min, 16%~21%A; 45~55min, 21%~24%A;
55~65 min, 24%~35% A; 65~70 min, 35%~100%
A; AR 1.0 mL/min; &K 330 nm;  #Ei
30 C; HEFEE 10 pL. il LK 1.
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W 6- TR, T-ARER.
1-caffeic acid; 2-forsythiaside; 3-galuteolin; 4-acteoside; 5-

isoacteoside; 6-apigenin-7-O-B-D-glucopyranoside; 7-luteolin.

1 BEXRM (A) Mftida B) REEEE
Fig.1 Liquid chromatogram of reference substances (A)
and C. nudiflora sample (B)

2,14 LMEXRARFLE B “2.1.17 TUFRA X
BER 3 A6 04 2.50 5. 10, 50+ 100 1%, i pH
TR EE Ao G R SRV . LA “2.1.37 TN (il 244
BEREHT, FHEDAIREEBEAL PR (X, WA AL
br (YD), HATERMEREE, SRS R, W
*2.

215 R ES ZHERRBHEIRAEFN L
ATSEG ik, HEREHE. etk EEM N
B, RFE K.

2.2 SSRfricE!

ARSI SSR G143 14 XF,  HIAC RS A
WAL SR 5440 Unigene J7%1JF K&, PCR Jx
MAEZ (10 pL): 2XTaq PCR Master Mix 5.0 uL,
FER4 DNA (Z320ng) 1uL, EFFSIY GREE 10
pmol/uL) 0.5 pL, FiF51% GKJEZ 10 pmol/pL) 0.5
uL, ddH20 3.0 pLo R BFEFA: 95 CHIA M 5 min;
95 ‘CAME 30s, 62~52 CHAEFIR K 30s, 72 CHE

R2 T MBWMROIRERZ IR & MTEE

Table 2 Standard curve equations and linear ranges of seven effective components

o E)EpgE 2 1t Y5 Bl /(mg-mL™) R?
I HERR Y=44983 X —1.702 7 0.000 16~0.016 0.999 8
HEMEE T B Y=11042 X — 0.562 0.002 3~0.23 0.999 9
P NEARES Y=19260 X+0.019 5 0.000 62~0.062 0.999 5
TR Y=3 728 X+45.561 0.020 1~2.01 0.999 8
SRR Y=13202 X —3.223 3 0.002 5~0.25 0.999 9
HRE Y=17 790 X — 39.022 0.001 6~0.16 0.999 5
YN Y=30845X—12.3703 0.000 2~0.02 0.999 5

130 s, 10 ME, BNMEHTELD T 95 T
P£30s, 52 ‘CiBk30s, 72 CHEMHI30s, 25 M
By 72 CHEMH 20 min, 4 CHRLELY, K 7 R Kd
VR T ARG AT 103 (3 #RAL LB ZE 8 CRJ
ARIGAE FH I 103 43) FER 430, ] “0-17 1571
bR gy, EAEDKPLR R4, B &aich
“17, LH&AEN “07, TERJCHERE.
2.3 HES

S¥H EXCEL 2010 1 SPSS 20.0 73 Hr6 R &
BHHIE, R GenALEx 6.502 ¥ SSR 7 Fhric
(R4 B EE N TXT AR R 8] Structure 2.3.3012
XT 103 I BRAC SR 5T GHIRRA T REAR Z5 44 04, 4
1A% & (number of populations, K ) %E AN 2~8,
TN KEESEIEE 5 IR, BAEHOEA LPB (length
of burn in period) A1 MCMC (markov chain monte carlo)
¥~ 100 000 . I F] H Structure 2.33 & ¥

(https://taylor0. biology. ucla.edu/structure Harvester/) Ab
B, 1935 E K EAFAREE R (membership
coefficient, Q) {H, # Q 1H=0.6 KI5 L7 RIAHRL
THEH . f#FH TASSEL 2.1 {115 SSR A1 A 1H]
FIERA P (linkage disequilibrium, LD) 7K F 552
FEMEA, 2 LD RO SRR SRA TASSEL2.1
BAERT 103 A BAEEERFIIR I 7 ANE R8s & A
SSR bRic #EAT KBRS HT,  43nlfd FH — AR 2 PR AR Y

(general linear model, GLM) AV A £ AR (mixed
linear model, MLMD, 1+ P {HAI R> i, Wi P<
0.05, NBEBHZAME SRR R E RS & P<
0.01, JUEEHZARIC S5 M ERAEFEAR i 35 ORI,
3 HRELSH
3.1 BYBNEELZFSH

X 103 A BRAE S BRAD 5T IR ) 7 A0 R8I

AT ZE R (R 3), 4R RZ I LK
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Table 3 Variation of content of seven effective components

R G Y W/ME/(mg g ™) WRAE/(mg g ™) FIE/(mg g ™) AL/ (mgg)  RSD/% CV/%
MINHERR 0.05 0.16 0.10 0.10 0.02  22.60
HEXNEE B 1.43 9.14 4.62 428 174 37.54
KRB EH 0.51 3.79 2.17 2.09 0.68 31.19
BT 25.79 85.70 50.90 48.60 1376  27.03
SR 232 9.06 4.61 4.40 148 3218
FRE R PR 0.14 0.61 0.26 0.24 0.08  33.08
ARBHE 0.08 0.50 0.25 0.26 0.09 36.22

PR REA SR G EESAE, BRFEE, 1E
k0 KRB AT B AE A R . R B, KR
A, RERSHET. R R B R AR
T RBIIKRT 30%, HALLEREE T B 0748 5 R4
(CV) HEAN 37.54%. WMHEEERK) CV &/, A
22.60%, Ui WIRRAE S ERAT BT R UE Y 7 N RO
BEFLE.
3.2 BHRRESS
VR AL FTHAXS 103 4 A6 58 R P o B2 R AT
PCR 43§ Je dykAarill, 3RA5 14 X2 &5 %
DRl B s, HLBF 7R 45 SR o 14 XF 5107 103 4y
T A 3L 38 92 ANSEALEEH, P REX B8
1 6.571 A, TALTEHEA 3~13 4, A%
K# & (effective number of alleles, N.) AZ4k G [Fl
N 1.081 8~4947 2, P EZEMEES ®
(polymorphism information content, PIC) “F-3J{H
790.468 2, & PICHII 51 42.9%, £ 14 X}
SR TR PR R E R, BAFEE
(PB4 22 S ) A AL 0K 14 X5 A
B R, K Structure 2.3.3 BAEXT 103 34 4e &8
ERA R R AT PP LS R b . SRR, K=3
W, AKE AR (& 2), B 103 e L
ERA KIS v 3 ANERE, 4 Bl % 4 POP1. POP2
A POP3 (K 3). @i QE B Hr &I, Hrh 75 4
T O 1H=0.6, FHBAETS FoAHX 8 —, ATk
SPE 3 AR — A . POP1 A 22 MFli
(LER45Y); POP2 A5 30 4RI (a7 ),
POP3 7 23 MMl CHE 370 ). 1A 28 /7 Fh
i Q {H<0.6, UiBXLEMFEKBEES SRS
e, WA AR RE R R, TR AN R A B
SRR, MR RSB —, WA
R B ARC A R &5 R 0 DRI A0 BT 7= AR () 5T - DA™=

Deltak = mean( | L"(K) | )/sd(L(K))

30
25 \
o 20
¥ 1s
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5 .
0 _— = -
3 4 5 6 7
K1H

2 BT Structure FHEE AK &

Fig.2 Estimated value of AK based on structure analysis
K&, MRS 730 — € AL : POPT 5 2R
TV 2 AN 3 LA R R E 22 1R KR 4 A o SR AE —
i, RYEZFIS1% 2 NME MM BEES K
REUR; POP2 RIEECANFE, FEED T REH
W Tt RITHURZR R POP3 24
7K B A A BT . B 43 S 5 SRR I el
FELE R 43 28 5 Hh BEOR JE LA — 58 AH M

B GenALEx #AF VPG 1 BRI S ERFI RS HL)
Y] Nev Shannon {5 S #8%( (shannon's information
index, D&FAL Z RIS B (R 4). 45 R3E&H] POP1.
POP2 Al POP3 HyitfE ZHeMEH BN R, Hrb
POP2 A&7 JE K (number of alleles, Na)< Ne-
I. W55 5% (observed heterozygosityz, H,) Fl13f
A TS (expected heterozygosity, He) )i, 4
%24 5.500+ 3.191. 1.191. 0.514 1 0.588. 3 MF
HER) Ho BT He, UWHIZREEA . AMOVA 70
Prigos (3 5), BALARARRZEN 16%, MARE
FEN 23%, MENBEERFN 61%, RYZR
FEAAETMEN
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Fig.3 Population structure map of 103 accessions
x4 BLRHEEZHMESH 3.3 LD ##h
Table4 Genetic diversity parameters of each subpopulation SR Z A 3 BR8] () S AN ST 45 7 2 S BE A

WH N Ne  Ne I Ho M R P 4 s TR 2 ARRIEISH DRI R 5K
POP1 22 3.000 1.733 0.599 0.190 0.331 HR LD SEFEISE R, Hd DHRSREHMA EL T,
POP2 30 5500 3.191 1191 0514 0.588 R RBEHAR SR TG B A E LTS 76 C2u=91 /™
PoRs 2 300 177 0036 0248 033 SoR firspont e, I AR AR

®5 TEIEEHEFENS FERSFT

Table S Analysis of molecular variance among different genetic groups

SRR H i F5 AN B N ZE R A5 5 H/%
Pl 1) 2 70.556 35278 0.630 16
AN ] 72 293.337 4.074 0.867 23
MMERN 75 175.500 2.340 2.340 61
B 149 539.393 — 3.838 100
Upper D’ Upper R?
78 1.0 78 1.0
80 [ | [ | [ W | 80 [ W | EEEERN
107 M| [ | [ | [ W | 107_M | [ W | EEEERN
138 M| [ | [ | HEE 138_W | [ W | EEEEEN
147 M| [ | [ | EE N 147_W | [ | EEEEEN
[t N | | " m 155 M u EEEEE N
Zise M| N [ Ll [0 Zise M N EEEEE N
Zis m n LR Lover P g N RRRRR Loverrl
205 ] N = = ol = EE e
220 | HE | 220 | HE HEBE
<0.01 <<0.01
275 || H N | 275 M | HE | HE
304 [ | H B [ ] <0.001 304 [ | H B ] [ | <<0.001
305 | HE 305 M | HE HE
357 AN <<0.0001 357 AR n <<0.0001
78 80 107 138 147 155 156 182 205 220 275 304 305 357 78 80 107 138 147 155 156 182 205 220 275 304 305 357
SSR {7 55 SSR {7 5,

X+ Y iy SSR AL UM, S 2 B TT IR BRI L A B DEAT R2EL, WA N TR R MR O L AL LD SRR
SSR markers are maked along the X and Y axes. Each pixel above the black diagonal represent the D' and R? values of each marker pair, respectively,
and each pixel below the diagonal represent the p-vaule of the testing LD of each marker pair.

4 BRIEEIK 14 D SSR (LR FHIESI A T #5370
Fig. 4 Distribution of LD among 14 SSR locus on C. nudiflora
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i, 2 MAFESHARIAR) LD FEFFREI %, LD
BUR, {H DIEIERE) LD e R H5A8 LD B &, D'
Guit i (P<0.01) SCHF() LD BN AR 21 14,
AR AL A 23.08%, DE KT 0.5 FoaRiEN
A THTRERE, SRR D'EEEHEE 03~0.5 Al
0.5~0.7, i SSR ARicAEBXT 41T 84.62%, KA
oo 1) JE R B ZEL A 65 TRAS AR LI, X T e i
SRR N ET R S BFAE MR K
34 SSRIRESBMESEEMXEKSHT

AR 03 Q S (Q+KD fEAE
NP R, SR Talssel 2.1 B4 GLM Al MLM X
RRAEERERIY 14 X SSR bRic 7 R &0 o & &idk
AT RS, 4298 58 RO AHORBR bR id (3R 6D
SERERH, 75 GLM B, RILA 11 Xhrids 7
PG 0 & R R E A E (P<<0.05) Bk . 35 A1
K(P<0.01), LS REHIEHE N 6.31%~44.64%,
Hrh BB BRI AIFRC CnH156 XBESUR & 1E,
A SRR e (44.64%). 7 MLM fiAirh, 6 Xt
it s 4 FE RN SRR B EMIK (P<0.05) 5
WEEMHK (P<001), ZRMBEEEEN
17.65%~36.1%, HH 7 BEALHEE F1 54 CnH156

[PRERR e, R AREREN 36.1% (HHKEIY)
FRILEE 7). MLM BRI GLM 15 2/ S B
A, HRE X BLARRE A B N %, S GLM
BRI LG, MLM [ [FR SR RELE R (Q) Kok
KAR (K, FrLlegilEd— o BHH e, $2m
Mt .

£ GLM Al MLM 2 Fps &l v, 3446 il )
CnH305 S5#&MERH B FIAREAFMHKE (P<
0.05), CnH155 5K B FH M S AR T AH SCIR
(P<0.01), ULEAFRICAL ST REAAE “— R Z R0,
BE AT e S 2 A TIRR IR AR EBIOC R . [
W, 2 AR, A IE] CnH156. CnH357 A
CnH205 5B /et o, Ui = B8kl
T B2 A HEE R

4 g
41 BHEHMREZER 7 MEAYYMREENTR
1H5R

BACRERAE IR LW AR I N2, DLHOKER
Yo SRR R RRAE S BR 7+ BRAESRER 2 WO AR
PEE BRI HESE H A TR 7 S MIPIRGE . Y ALIE
ML A LK AT R A . 25280 2 B R
CEEHYE, (PEZH) 2020 GRH LA BSACHE

6 GLM 1 MLM R th 5H M5 &8 BEHXEKA) SSR 71T
Table 6 SSR markers associated with effective component contents in GLM and MLM model

GLM (Q) MLM (Q+K)

HRBURS SSR #Ric. P RY% R 5% SSR Frit P R%
Wi A CnHO078 0.208 1 9.44" N B CnH305 0.033 8 30.10*
ZNEH B CnHO78 0.044 4 13.74° pNERERES CnH155  1.80X1073  29.38*

CnH305 0.0115 10.51° CnH305 0.016 7 35.76"
RS CnH155  6.53X10*  31.55" EEACRETF CnHI55  8.50X1073  24.42*
CnH305 0.0167 9.78" CnH304 0.045 1 17.65*
EEACET CnHI55  6.60X1073 6.47" SRS CnHI56  3.48X105  36.10"
SEERCHET CnH155 0.015 1 24.40* CnH205 0.016 24.30*
CnH156  4.42X10°5  44.64™ CnH357  1.80X103  32.40™
CnH182  540X1073  34.67" — — — —
CnH205  7.00X103%  21.53* — — — —
CnH357 4.85X10% 2655 — — — —
F R CnHO78  1.20X10*  26.09™ — — _ _
CnH107 0.0109 31.04" — — — —
CnH147 0.038 4 6.31" — — — —
CnH182 0.043 4 28.88" — — — —
CnH220 0.012 8 32.45" — — — —
CnH305 0.017 4 9.69" — — — —
CnH357 9.68X10%  25.18" — — — —
KEBHEE CnHO80  4.26X10%  26.81* — — — —

AR EH (P<00D: HRBEHE (P<0.05).

“indicates extremly significant correlation (P<<0.01); " indicates significant correlation (P<<0.05).
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Table7 Sequence information of SSR primers significantly correlated with active components

kB HE R 51975 (5°-3”) Jr BCK/Mbp 9]

CnHO78  (TCC)s F: AGGCACCTAGCTAGACACCA 177~184 FAM
R: ACGCTCAGGTAGTTGGTGTG

CnHO80  (GAT) F: ACATCCGGTGCATCCTTTCT 292~301 FAM
R: TTCCTTCAAGCACCTGTCCC

CnH107  (ATCA)s F: ACGCCTTCCATTATGCACGA 137~148 HEX
R: GCCCGAGTTTGTAGTGGTGA

CnH147  (TGA)s F: CCGAGGCAAAGTTCCAACCA 157~162 FAM
R: CCACTGATAAACCAACGAGCC

CnH155  (TCTD)i3 F: CACAGAAACAACACGGCCAG 259~2717 HEX
R: GCGTTTCGACTGCATTCGAT

CnH156  (AAG)n F: GGCCCTGATGCTTCTTCTGT 277~301 TAMRA
R: CCTTATAACGCACGCATGGC

CnH182  (TCT)1s F: ATCTCTGTCTCACAAGCGCC 251~286 FAM
R: CACCGGAACCCTGCATGTAA

CnH205  (AAT)i3 F: GGTATGTCTCATGTCGCCGA 250~269 HEX
R: TTGCGTTCACGATGCTTTGG

CnH220  (TTC)u F: CCCAAGAAGAGCTGTCCACA 186~204 HEX
R: CCTCAGCATGCAGAAACTGG

CnH304  (ATA) F: ACCAAGCTGCAATTCCCAAG 276~298 HEX
R: ACCAAATCTTAGGTCCACATCCT

CnH305  (CCA)s F: CAGCGCAGGATTGTTGATCA 264~270 FAM
R: GGGTAAACAGTGGGTGGAGG

CnH357  (AACC)s F: CCCACCAGTGAAAGGCTTCT 210~222 HEX
R: CGATGTGGGCTGTGATCGTA

FAR B EL AR & Sl e B bn i, IRAEZH AT A
MRACERBRAF Ar 3EAT T RGN T, TRk T
X 2 MRAE N T FE USRS AT AL
REREMEE B. KBEYE. REEEEE. T
SERFEH AR B RN CV AT 30%, HrpblE
M B 10 CV B EN 37.54%. WNHERRA CV #x
Ny 22.60%, R IR BRI TR A SO
BEFSPE, TRET . FEA R HERET 29
MR SR B AE T 5 AR R B & &l o
Brs G5 RIS R P2 Hh ] o0 35 B 3 22 4,
AR FCIREL T ARAC R BR F B AT X, BIERT . T 2R
J7VE 38 103 M BRAE SRR, RIWAN R RIS B R AE
BHREEBSEARENES.
42 RIEERMEHEREER ST

URGZH BT I U4 R B PTE R 14 XI5 4]
UM TR R I 2 7, BA 5 et 2
FEPERT, BEARSE K o e AT ORI BT I T2, 3
T H IR B 22 FBUR A OCHR, R H )
B SE KA B TR 19 AT S 1) QTR Es SROST, AR TR
A Structure 2.3.3 #AXT 103 M 4RAE S BRFh T B TR
HATABE LR 08T, Fodb 75 i) Q [ =0.6,

BB R, WRIE 3 N — R,
1M 28 AT O 1H<<0.6, BESRECANEL, H
IR G TEARNSL, AT LS R A P—, R T42
BB M AE R . H AMOVA 43 #4553
AR B E BT AMEN (61%), MENA R 2R
AR A (A A L DR 5 R st A e, AR 57 1 4 bR
R B A P % 22 DR ) A7 7 s P A% 24 D)
43 BRILEKIKR 7T HBEYUHSTEES SSR FRIZHIX
B
HATFZEMUERE R NE, R,
HARTEEER 7 AU S v E R, 225
DRIz, PR 1 e 28 3RS i 2L (R RR A 858 LA 52
[A] shb e ok 32 4B AN ST H8T 23 AT B O B A T S5 T A T B
ik 5 2 BRI o Fhnid, AT THIEE
Bl ATHORE FhERE . ABFTULE SRR, 7E GLM
B, R 11 AR5 s & & 52 5 A
K (P<0.05) stk EFEMR (P<0.01). £ MLM
BRI, 6 XhRC S AR FEE REHL (P<
0.05) BR A% (P<<0.01). MLM #5445 GLM
RBNRIE AR D, BHS 30 B R A i
B, ULHHS GLM BRUARLE, MLM A [F] )25 e b i
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ik (Q) FsEZ K FR (KD, FrLAREEE T —iB 0
FHPESCER, BEREIRUERBE AT 4 R IHER . X5
AR BRI T 90 25 R — 3, Zhang 25010 MLM
b GLM & A T RE 5 #r. /£ GLM Al MLM 2

FAELR, PR IE] CnH305 5% Es T B ALAJR

TP SRR (P<<0.05), CnH155 SAKBREHFMEE

TEFEFAHSCEE (P<<0.01), UiBAARICAL S AT REAELE

“—RZH, BE AL RS 2 TIRE LR A

TEEBIR R RN, 2 PS8, 54l 2] CnH156

CnH357 Al CnH205 557 EEEAEMETAHCEL, 1B

SRS AR 2 AR
FBAR PIAVHEHYFRAREEF TR

S 3k
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