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Fungal Community and C, N, P, and S Functional Genes in Rhizosphere Soil of
Cassava Field Treated with a Slow-release Fertilizer
ZHAO Xinxin, WEI Yundong, CHEN Ruirui, ZHOU Shiyi, ZHENG Hua, MA Chongxi, XU Chuan, LIJun, LU Saiqing*
(Guangxi Subtropical Crops Research Institute, Nanning, Guangxi 530001, China)
Abstract: [ Objective] A slow-release fertilizer was applied on a cassava lot to analyze the responses of the fungal
community and C, N, P, and S functional genes in the rhizosphere soil. [Method] A field experiment was conducted with
treatments of no fertilization (T1), basal application of double-coating slow-release fertilizer C2 (T2), and C2 applied 34 d after
planting (DAP) (T3). Rhizosphere and bulk soil samples were collected at 77, 104, and 134 DAP to determine fungal diversity
according to ITS rRNA sequenced by a high-throughput Illumina Miseq PE300, copies of 72 functional genes of C, N, P, and S
cycles (including total DNA) by the gene chip technology, and available nutrients by chemical analysis for a correlation

analysis. [Result] (1) Significant differences on the relative abundance (RA) of Mortierellomycetes, Tremellomycetes, and
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Orbiliomycetes were found in the rhizosphere soils on 104 DAP showing T2<<T1, while that of Scatterocysts on 134 DAP
indicating T2>T1. Fungal class Scatterycetes under T2 on 134 DAP, Rubiaceae under T3 on 77 DAP, and Coprochetes under
T3 on 104 DAP were relatively enriched in the rhizosphere than in the bulk soil. The RAs of the rhizosphere fungi also differed
significantly on time of sampling and under different treatments. They were 134 DAP<<104 DAP for Mortieromycetes under
T1, 134 DAP>77 DAP for Scatterocystae and Coprochestae under T2, and 104 DAP>77 DAP for Sphaeromycetes under T3.
(2) The Sobs, ACE, and Chaol indexes under T1 on 104 DAP, T2 on 104 DAP, and T3 on 134 DAP were significantly higher
in the rhizosphere than in the bulk soil (P<<0.05 or P<<0.01). The Shannon index of rhizosphere soil was lower under T1 than
under T2 or T3 on 77 DAP. Under T1, the index was 104 DAP>77 DAP; and under T2, it was the opposite. The Simpson
indexes ranked in the order of the rhizosphere soil under T1 on 77 DAP>the bulk soil under T1 on 77 DAP > the rhizosphere
soil under T1 on 104 DAP> the rhizosphere soil under T2 on 77 DAP > the rhizosphere soil under T3 on 77 DAP. (3) The
LEfSe analysis indicated the fertilizer applications enriched one class, one order, and two families of fungi in the rhizosphere
soil, whereas the bulk soil was more abundant in two species on 77 DAP, in 3 orders, one family, and one genus on 104 DAP,
and in one phylum, one order, one family, and one genus on 134 DAP. Two orders on 104 DAP and one class on 134 DAP were
enriched in the rhizosphere soil. (4) On 134 DAP, the 9 functional genes, such as /ig in the bulk soil under T1, had significantly
more copies than in the rhizosphere soil. In the rhizosphere soil, the RAs of c/id and ac/B under T1 on 77 DAP were higher
than those on 104 or 134 DAP. (5) AK significantly correlated with 31 functional genes on 104 DAP. Some fungal classes, such
as Tremella, Sarcoidales, Claviculaceae, and Sphaeromycetes, significantly correlated with 40, 15, 14, and 9 other functional
genes, respectively. [ Conclusion]  Fertilization by ways of T2 or T3 enriched the diversity and abundance of cassava
rhizosphere fungal community. Fertilizer used, application time, and rhizosphere could all significantly affect the fungal

community structure and some functional genes in the soil. The correlations might lead to further studies to unveil the intricate

ecosystem.

Key words: Cassava; double-coating slow-release fertilizer; available nutrients; functional genes; rhizosphere fungi
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(1) Letters before first “/” indicate significant difference between treatments; those between two “/” indicate difference between rhizosphere and bulk

soil; and those after second “/” indicate difference between sampling times. (2) Mutually exclusive comparisons between intertreatment/rhizosphere and

bulk soil/time, e.g., a comparison between treatments is limited to treatments on either rhizosphere or bulk soil at same sampling time. Data with different

lowercase letters indicate significant differences at P<<0.05; those with different uppercase letters, extremely significant differences at P<<0.01. (2) In the

treatmet name, R: rhizosphere soil; N: bulk soil.
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( Mycosphaerellaceae ) 4 #H X 3= B fie 55 o T2 R PR 7E
134 d AP 49 ( Burotiomycetes ) FYAHNT = i .
22 C. N. P. SIHEEER
221 EH A HGHRER

A S2AFERE (F 168 ) T A Ak b 2 i 3
A S AFEFEARKIME], A4 nirS2. hzo. hzsd, mcrd.
exo-chic F: ™ nirS2 5 R J& I i b 1Y i 32 2
hzo Fl hzsA ¥ DR G B AL B FE R, merd R 77 WHGE
PR H LA MR DR o 7 EJE DR 7 B, T INRE X
BB BL P AR R, ST ] - B AOIR DL R4, RIAF
FAAE R . 7= W e 24 i /5 19 IR 48 25 o exo-chi J&

( Clonostachys ) -Clonostachys_sp.Fll
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Table 1| a-diversity of fungi at family level
ISR AN 7] pis: )
Soil types and time Treatment Sobs Shannon Simpson ACE Chaol
Tl 211.8t65.4a/a/a 3.2414£0.083b/a/b 0.0830.007a/a/A 222.6+72.9a/ala 223.51+73.3a/ala
R77d T2 227.5+28.8a/ala 3.56210.205a/a/a 0.059+0.016b/a/a 232.4431.4a/ala 234.61+33.7a/ala
T3 239.3£29.8a/a/a 3.584+0.115a/a/a 0.057£0.009b/a/a 245.1£32.5a/a/a 249.0+34.3a/a/a
T1 197.51+28.5a/a/a 3.5281+0.188a/a/a 0.057£0.012a/b/a 203.5+33.9a/a/a 207.7139.8a/a/a
N77d T2 188.51+26.8a/a/a 3.55940.131a/a/a 0.055+0.009a/a/a 191.8+27.9a/a/a 193.4429.7a/ala
T3 206.3t18.1a/a/a 3.49110.079a/a/a 0.066+0.016a/a/a 209.8+20.4a/a/a 211.3%+19.5a/a/a
T1 249.8+29.1a/a/a 3.60410.213a/a/a 0.05140.008a/a/B 257.9432.3a/ala 259.4432.7a/ala
R104d T2 232.5+21.4a/A/a 3.41240.217a/a/b 0.068+0.018a/a/a 241.1+23.3a/A/a 242.8+23.1a/A/a
T3 254.5+39.7a/a/a 3.43910.264a/ala 0.084+0.058a/a/a 265.01+43.4a/a/a 265.71+44.1a/ala
T1 204.5+27.1a/b/a 3.51610.102a/a/a 0.060+0.005a/a/a 207.5+28.3a/b/a 208.1+28.4a/b/a
N104d T2 189.5+33.7a/B/a 3.14110.619a/a/a 0.121£0.117a/a/a 195.3+35.9a/B/a 195.1+36.5a/B/a
T3 192.8 £28.2a/a/a 3.34310.265a/a/a 0.073£0.020a/a/a 195.6+29.1a/a/a 196.6+29.9a/a/a
T1 223.8+25.6a/ala 3.258 +0.464a/a/ab 0.11010.067a/a/AB 236.61+32.7a/a/a 237.11+32.6a/a/a
R134d T2 219.0134.9a/a/a 3.39240.353a/a/ab 0.069+0.027a/a/a 231.2+41.4a/ala 237.51+46.8a/ala
T3 249.5+19.8a/a/a 3.49110.167a/ala 0.062+0.016a/a/a 264.7+25.8a/ala 272.0+28.1a/a/a
T1 204.8+28.1a/a/a 2.81110.883a/a/a 0.193+0.227a/a/a 218.6+24.4a/a/a 220.0+21.4a/a/a
N134d T2 180.8+32.3a/a/a 3.39140.178a/a/a 0.065+0.014a/a/a 184.01+33.8a/a/a 184.9134.1a/a/a
T3 202.8+26.4a/b/a 3.44110.303a/a/a 0.065+0.031a/a/a 206.8 +28.4a/b/a 208.51+29.2a/b/a

ORFRAMPRIIE, NFRAARGR L. R77TdAINT7d5 B TR R 77 AR 238 RS 77 di AR B 3% . @77 e HomitJa i 7Bk SUS TR 1A

(DR: thizosphere soil; N: bulk soil. R77d and N77d: rhizosphere soil and bulk soil on 77 DAP, respectively. @ Letters mean as Fig. 1.

FEAE AN AR RBER S, exo-chi DI RESL R H
T XTAFL ) 20 L RE AT R A, G R AL ) A0 R BE v ) R
BiEg . YR CPAERGEEIRMEY . ZAEH
BAe, AR FTRESE B TR AR Z T OR B H (R A VR
M, b b Y AR T SR I OR T SO D
FEH

A 1S IEFEAAET B B (F 2), Uk
AT S 000 (%) 5 PR DRG0 - B A AE T AN [) s [] A [] Ak 2
T A B T A TR BRI A AR R RS . o
cphy (CEBEEFRIEFREE ) A1 pox (AR BT [EMEGE ) 4
SULAE 77 d 19 T1AEMRBRFIAR BRI 1 ASFE & b R B
TAE O fH, phoD {XAE 77 d f9 T1 Al T2 MRFREY 14 KR
i B

naglu 78 104 d {5 T1 F1 T2 2@ 2 4~ F0 1419
kAR bR KR S A B . ppk W 43 B 7E TIR77d.
TIN104d, T2N104d 1Ay 1, 2. 1A S d B .
ppk N2 RBEIREL BN, H 5 AWK poly-P FLiHHAH
KRB, B L ATP oK S i B iR 3k 7 ] 396 b 5%
R Kbt 2 B EE (poly-P) I+ . cdaR W)X 7E

TIN77d, TIR77d. T2R77d. TINI104d. T2N104d.
T3N104d 195390 1~2 MEa b . hao (FRIEAA AL
fi ) AlfEfL NH, OH #5754 NO, , X2tk i —
AT, HAETIN7ZA, TIR77d. TIN104d, T2N104d,
TIN104df) 43 %) 1. 1, 2, 2, 24 ke S B .
amyX (YA pELLREE ) FT cdaR (B & 2 FE A ) 40 B 1
TIN77d . T1IR77d . T2R77d . TIN104d . T2N104d .T3N104d
B 1~2 DRES A B . rbel Fl nasA B9 4F Z {8 H
(1) &b PR [A] 58 4> — 2, 43 7E TIN77d, T2N77d.
TIR77d. T2R77d. TIN104d. T2N104d. T3N104d /Y
3001030 1020 30 2R P B, DL R ERR AR
1134 d P, RIS 134 d A9 3 slUR PR IR 5
SRS RFERT A —E 25

cdh WITE 77 d AR BR A AEAR PR, 104 d A9 AER PR
A B, FE 104 d A 134 d AR P 4 3 2 oK
HE

amyA2 (4 f% o-JE B3 B ) 7€ T2N77d. TI1R104d.
TIN134d, T2N134d, TIR134d sp¥ B, 16 B
{16 G Al 4 B P A3 S FE 1~ 3 N RER IR iso-plu A
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Table 2 LEfSe analysis information of soil fungi

AL BT R AR H Ak B
SRS R AT } L% }
. EkRC The treatments for st/ antaky|
The treatments for comparison . . .
Biomarker comparison Biomarker
and the advantageous one
and the advantageous one
77d f Sordariales fam_Incertae sedis, 104 d Conhalotrich lassified g Cephalotrich
ephalotrichum, s_unclassifie ephalotrichum
TIR-T2R-T3R ¢ _Ramophialophora, s_Ramophialophora_sp. T2-T2R g.ep — -8 tep
f Bionectriaceae, g_Clonostachys, . .
. Ascomycota, c_Eurotiomycetes; o_Microascales,
104 d s_Clonostachys_sp.; o_Chaetosphaeriales, 134d .
- - f Microascaceae, g_Cephalotrichum,
T1R-T2R-T3R f Chaetosphaeriaceae, g_Codinaea, T2-T2R - -
- - s_unclassified_g cephalotrichum
s_unclassfied_g Codinaea - -
134d ¢_Eurotiomycetes, o_Microascales, 134d g_Fusarium, s_unclassified_g Fusarium;
TIR-T2R-T3R f Microascaceae T3-I3R f Bionectraceae g_Clonostachys, s_Clonostachys_sp.
77d 104 d
TI-TIR s_Clonostachys_sp. T3-T3R f Stachybotryaceae
o_Branch06, f_unclassified_o_Branch06,
77d Chaetomii TIR lassified_o_branch06, s_Branch06_sp.;
TIR.T2 s_Chaetomium_sp. 77d-104d-134d g_unclassified_o_branch06, s_Branch06_sp.;
o_Capnodiales, f Mycosphaerellaceae
o_Branch06, f_unclassified_o_Branch06,
g_unclassified_o_branch06, s_Branch06_sp.;
104d C diales; o_Chaetosphaerial T2R Euroti t
TL.TIR o_Capnodiales; o_Chaetosphaeriales, 77d-104d-134d c_Eurotiomycetes
f_Chaetosphaeriaceae, g_Codinaea,
s_unclassified_g_Codinaea

OTIR-T2R-T3R ¥ TCHE N B T AT 20 Bl R s FE R AN R [ A AL FE, W177d TIR-T2R-T3RFE/RTTARITL. T2, T3WRERELE, H AN N RIZ M LR A
HUH BB 128 9 1% 40 3 i Biomarker. RERIRFRL . @B TR LIRATMIc_KARH (class), o K H (order), f XxFl (family), g RRJE
(genus) , s_®7nM (species) , AIRILERITKT: « RREHECQETRANNIE, & EREESHERNETR T2,

(1) Upper and lower rows in cells of same type represent common and different treatments, respectively. For example, 77d TIR-T2R-T3R is comparison of

rhizosphere soils under T1, T2, and T3 on 77 DAP. Name with underlined bold fonts indicates fungal phyla listed on the right to be biomarker of treatment, and R,

rhizosphere soil. (2) Before a fungus name, ¢ represents at class level, o_, order, f , family, g_, genus, s_, species, and unmarked, phylum. "," indicates two in same

phylum; and ";" two are in different phyla.

£ T2R77d. TIR104d, TIN134d, TI1R134d ' & il
W, fEHANE A 1~2 S . acsB
fU#E TIR104d. T2R104d, T3R104d. TIR134d 1 %
L, TEHAME IR 0 1~3 eGP, dsrB
{UFE T2N77d, T3R104d. T2N134d, T2R134d H R H
B, AEHABAL AR A 1~3 A RER B

ASTE] TRl AL BN, AR PR AT AR AR B A A 35 P
B AE 53~62 1 (IR ), Hrh 77d T1 BYRERF
FEMPRIEA 62 4>, Hyde (e, UL AR bR 2>
TARBR G ARAR B A B R R
222 HRARG T EHpHER

M 2 50, FEdE OfE AR, 134 d Y EAR
PRSAERPRIN 255, lig. manB. sga. mct. mmoX.
amodl . nirS3. amoB Fl ged £ T1 AEAR Fx L3 rp ag 3=
BE R E T TARBR . 104 d F B AL 3R] Y 53 22
S, amyA AERRER LR T EE B & T T2 Ml
T3. T1ALEEIAE 12 AHE o {E 3L B R B T B[R] )
25, FEERPREIET, cex. sga. acsA. pccA. amoAl .
napA . gdhA. pqqC. gcd Fl phnk WFEFEZM N 134 d
BT 77d#1104d; TEHEREEET, chid 1 aclB 1Y F

BEY R 77 d 5T 104 d 1134 do B B[] 22 52 1Y
1249 O AL K% BRI AR 125, A 3 AR IHA ik e
fRINEE . cex. sga Ml chid, 3 D NEREEIEE: acsd.
pecA. aclB, 3 NEIEIHREEE . amodl. napA. gdhA,
3ANBEIEIAIEE . pggC. phnk F ged, X EEFEH ) B
) 225 4k 7] BB 55 4 5 B K 43 CGEACIRAL ) A%,
& DNA W7 T1AEAR PR R B 7] By 22 5, H
fE 134 d fermy, WE ST 77 d 104 do BTG AE
i T REHE R 2 [A] 1Y R 25 55
223 AR 53R AR S A AR AR F R 6940 K
I 3 AR, R o0dT, SR (AK) 7 104d
531N INREREN BEAMSG, 1R 77 d LS 1A DR
cdh F15%, 15134 d SURERENT R EMIC, M5 1044,
AK 5 31 I RB LR W A OC, AL EE 7 AR B i Ak
A lig. amyA. apu. glx. manB. mnp. chid, 5-Hk
E e aclB. kord. mct. fidA. accA, 4 7H B
WWEEE mmoX. mxaF. pmoA. pqq-mdh, 11 RIEH
e narG. nifH. nirK2. nirS1. hzsB. nirS3.
nosZ2. amoB. napA. nirKl. gdhA, 14-BiEH &
K bpp, 3 ABRAEIAEE apsA. dsrA. soxY.
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77d 104d 134d
[ N R I . Day
FEREE RS AR HRFR AR R RER

M | N [ e, Rhizo

TT T2 TI T2 T1 T2 T3 TI T2 T3 TI T2 T1 T2

8
e &= b  Ee  Emh . b Wi

6
2/ 3/ | 2/ | amyA 4
manB 5

L0/ 10/ | 2// | 0/ | la// | 0b// | 0/ | 0/ | 0/ || 0/ | 0/ | 0/ | 0/ | naglu
0

amyX

iso-plu
Func

C degradation

C fixation

Methane metabolism
N Cycling

P Cycling

pecA
0/ | 0/ 10/ | 0/ 10/ 1 0/ 0/ |cdaR

smtA

S Cycling

napA
1/ 0/ Lo/ Loyl oyl oyl o/l oy nai‘?A
nirkK1
nirk3
gdhA
hao

BV/AN/ERVAR/E
0// cphy

[ 1// |
L0/ | o/ |1/ 0// |

L0/ 1 0// | Lo/ Lo/ Loy Lo/ Lo/ o/ || 0/ |0/ 0/ | 0/ | phoD

WA R IR ERE MR ARG AW T RN B R B A B EZ R, WA/ T R R bR S R bR 2 )
MZES, B AR TR RN M2 W ZER. ARG FRERZREE (P<0.05) .

Number before first "/" indicates count of non-zero values, while letter, significant difference between treatments; letter between two "/" indicates
difference between rhizosphere and bulk soil; and letter after second "/"indicates difference between sampling times. Data with different lowercase letters
indicate significant differences at P<<0.05.

E2 DeEREFE GIHEEL)

Fig.2 Logarithmic transformed abundance of functional genes

i e AR 0 (AR T 5 A9 64 JE R HE4T AH 3 43 #t 144, —FANS mxaF B FME; nod 5 114030
(15085 018 ), ppk Ml amod2 WIAE 0 {H 254 54~ BEILN WM L. cdh. frdd. korA. acsE. pmoA.
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Fig. 3 Correlation between functional genes and available nutrients (only significant correlations are listed)
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nosZ2. napA. phnk, dsrB. nirK2 1 ged; rbel 5
16 NI B FME ., abfd. glx. sga. xylA. ampX.
smtA. nirS3. amoB. gdhA. bpp. yedZ. cex. pccA.
pqq-mdh., ureC #l ged, cdaR. mxaF. frdA Fl phoX i
JE O fE 43I 11, 54, 56, 404, 4rGl 14, 52,
49, 37 AHEPIIL G

amyX. cdh. iso-plu. dsrB Fl nasA BJ3E 0 {HII{YL
A 100 17, 14, 19, 154>, (B350 24, 40, 20,
43 31/NEN R FEAMIOE, X 2Rk ] B AR B R
mn L (H S AR 2 B B AR OG, AT RE R A A
— R A

AR (AN) X5 bpp 5t H W 3 IE M ¢
(r=0.754, P=0.019), % BE1E I HEHE X W] fiE 52 2
SR 5
224 AHEM, A0 L 28, Al ARt X%

I 4 A, BRHE2 ( Tremellomycetes ) 5 16S
FIHA 40 ST RESE N 2 IEA G, A4 8 Ak 9 fi
FH lig, cex. glx. manB. mnp. chiA. xylA. apu,
6 ik [E E 3 B met. kord. accA. acsA. pccA.
smtd, 44BN mmoX. mxaF. pmod. pqq-
mdh, 13 NFAGIHIEFE amodl . nosZl. ureC. narG.
nifH . nirK2 | nirS1 . nirS3. nosZ2 . amoB . napA . nirK1I .
gdhA, 54 Wk U6 ¥ % N bpp. ppk. pqqC. gcd.
phnK, 4 DG EEH apsd . soxY. dsrd. yedZ.

P B (Hypocreales ) 5 16S F1 H:Ath 15 4~
Al A W 2 A OG5 4 Bk [ A IR abfA .
cex. sga. xyld, 4 MR [E EFEE fidd. acsA. acsE.
pecA, ARG A phoX. phnK. ppx. ged, 5
1 AT G R 5L ] dsrB B2 TEAROG, 5 WS RGP0 A
43 A IEAH S (ureC) AL (hao ).

MIR5ERE (Nectriaceae ) 5 16S FlHAh 14 4T EE
BRI OC, ALAE 4 Bk B R EE TN abfd . cex.
nagly (AAHR )| sga, 4B EFERF frdd. acsA.
acsE. pced, 240> R A A B K wreC (IE AH 3E )|
hao (FARHZE ), 4 WG IR LA phoX. phnK. ppx.
ged,

FRZEEE 4 ( Glomeromycetes ) 5 9 I BERE A £
M, AUFE 3 R IE Lig, glx. apu, 1 K[
E 3 A oaced, 34 W kE AR 3 B mxaF . pmoA.
pag-mdh, 1A~ EAE I EE P nirS3, 14 46 25 5
dsrA

3 b4

3.1 AREZERENERFZAERNEE
ABFFERBTKCE ERRHAE TN TRET,

H% Hk |k * |k * kx| 168
*k sk abfA
k% ;

ok sk * £ cex

ok sk

*% sk *% * *% | yreC

ok * ao

*
*

Hk * |k | gcd

*
*
*
bS]
B
B

e
*

*

=

éck

*
=
R

Others

Sordariomycetes
Hypocreales
Bionectriaceae
Nectriaceae
Sordariales
Chaetomiaceae
Eurotiomycetes
Mortierellomycetes
Agaricomycetes
Tremellomycetes &
Unclassified.Asc
Saccharomycetes
Glomeromycetes
Leotiomycetes
Unclassified.Chyt.

4 EHEWMMBSEEBMBMINEEEEEHEX
Fig. 4 Correlation between functional genes and some major
orders and families of fungi

HFRUCR I, I, R, S
14, X 5% aREY MR RRe, mEFIT
KR, R NG R S R
FUE L, FRER T RAE R R R, K TRl
WA~ —RTRETTRZ WG A SR, ELiEh
A R R Y B AR, W0 2B R S - 4 5
Sy rdt, TR ISR N TR E R A TS B AR
KA E, DT 5 55 798 B T HDu = 3 Y, — 2
TR B IR, B AR, H
AR, AR ROR b R RET msh, T
HRBESREMABHOTEERKNNE, HEL
HERAEE . R YRR AR, R T S
Wi I A e R PP 4R B T A AR AT I A A R
£, SHYTERER, IR R KSR TR
(MW, B T SR A B R, R 4 0 BT 4
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] A e R I A, R A 2 e R TR
R 2™, HH T B AE R Al ) B O R A
2 UL RSB L IR A 1F BLAF . BRI
AR R W R Y TEHLER L R R Y R
W, 7E B AR 2R T RE Y TR e A T4 R A A T
R T b S R T A AR A AR A L
i s T — s R R A ik, fER
TG RPN NP RE ] T R
T AR ARG, DA ) A B R
32 AEBZREMNERIE o-ZHMEMEN

#4347 Sobs. ACE. Chaol. Simpson #{ Shannon
BEC, WPRLI: (1) AL AL C2 7E 104 d $2
TR E R EE, (AME 34 dis C2 4 m TR
134 d AR BRECTR 2 B, 100 BH it S Fsf [ 52 o) A 25 AR P L
B, AHEAEAISENE C2 $E 1 T AR EHARIE il =
R R IARAR B TR Ml 34 d it C2 4R TR
BEPOR I R AR PR LA E R . (2) C2 it A A
J&i 34 d i FH¥IAE 77 d BEASHEAC £ &5 T AR B LR 2 4
PR, Ud Bt A AT 4 e R S B AR T U A AR B L R
JE o (3) AJit IR kb BEAS S 104 d AR PR E B 2 RETE
T 77d, Bt C2 WIFE 4R S 77 d BYAR PR R 24
PR, # 104 d B FEARF S CK A R Y 1E Ko
[ E T L35 U it IS 2 552 i) A S AR s L AT 1) A
33 AEBEREX C. N. Py S IREEFE RIS

A W R SRR AE IR 0 £ R Bh ¥, phoD F
phoX B 1 T it % P £ 5T A1 1 1l T2 B G AR 19l T2 — I
KA, FHor phoD HE DN Ay 2 - 398 v g T A B 1
BEMR BN . EARWFIE T, phoD AUAE 77 d B T1 Al
T2 HRERA ) 1 AEER TP B, AT RE R BR phoD J2 6
PR R L DR, T TR L k) 0 R P R R T
A BT LG KT ged ST HIG—Fh A T TEHL
BRI A BE TR, R e v AR W n] R Y
BREP, RBFIR A, ged 15 134 d T1IEMBR -1
B 3 TR PR 4, LR HOR I K, A
SR SO Al 1) 356 SIS BR

HIERME A LIE AW E A ARER . ik
1 LR B AR PR R 45 i A i R nasa 125 5 4R
TRAERM R EDEER N2 — . S 5EE R 3 2
e A hao M onxrd, TR EERFTMH, hao L5
amoA2 Y) e H b & AH O, R R W R DG Ik S
, amoA2 21k NH, >NH, OH 1y 4 FE 1, 1
hao 244k NH, OH-NO, i 85 . nasA Fl hao
FE 77 d R 104 d B, RAE 134 d AORESh P B, B
HI A S 1 b 1 P 8 B R A e AR W, K e el
o B A R AL RS A R o e 1B ) A R A AL 1Y)

EH ., 53N nosZ2. napA. nirk2 i3
XK, S5 EN FLEDRENRE: napd.
narG. nirS. nirk fl nosZ, WRYIELEMIAIE, nirS Dihe
S Aoy T A (nirS?) . 1AL (nirS2) AT Y
(nirS3), TEARRIR T, nirS2 76 00 A HF & sk 2k,
T nirS1 A nirS3 ATAERE R P 2 B, IR0 W %
P it FH AT MLAE 25 W 2545 55 nirK . nirS. nosZ JUAH
B R Y B, (2 A i 56 v i 22 R I X3 LA 2
RESL DN = B 2w A B3, nl R BRI ] ACREAS W] A
Ko ZHEANMEMN FLI R HE nifH, ZCHE
FE DA TH T VPAS ARl PR35 b 0 A W v 00 [ AU
R 130 AR I b nifH e b R G 5 % R
AJ BB S A [F] it NE Ak B 2 [] 1% R0 Bk A A2 DA S i A
IR, KRR BT a AR

358 oA B 1 32 R R R A ) R T ) R AR &R
SR, HEEARS RS . A, A4k
. CRFME . RFREUSIREED HEA %N
Worfeae sy, HoFREMEFRZERET 1K -
BANRS BN EES 55 ARSI RRY 15
Y KA R F N abfd, KRB FILH mnp 5
SRR -5 RN - R H - R R
BT D - 20 S 1 2 TR A OGN B AR OG, W R T
RW . MFREATR NS HET4ER . KRN
it A, X 5 Bastida™" 1 Yelle™ 4 B 5% 45 1 —
B, TEMPR A, B b 5L aclB F ke 9 fife 2 A
chid WX 77 d & T 104 d F1 134 d, BHIFEAR
EHARTE B, B [ R R A 16 SRS IR R, A
AR REAA L
34 AEZBRBMEEXTIRRWF SN

AR EBEENS S 40 NTREFRE A 8.3 1EAH
K, B HE B S R TR Bl T R DR L PR e AR R
B AIBIR B D | WG 2 25 DX R AIG PR L [ 5 A e
WHS 15D Ae A WA OC, AL FE R R R L A
e [ o e DA L EUOE PR AL DA WA A i R] T 7 B
o XHRAR MR ER HE eSS LR
MBS . FLTR AT 838 i) 43 WA A HILIRR 52 ) ) fig 55 TR R0
VS ) v ) 3R 3 TS e SR ARy, B BT
ST A S YRR SNBEE, S5 A
PEFREC. 9 2 55 40 T RS 3o ke A 138 pHL, BT
AT GRLTIE ar 2y R I (o] T W $7
AN [R) i S Ak 38 5k o A% A 9 R 43 R i) L TR R TR 4
o 33 U B B E 4 R PR JBE TR A T g o 43 AT Pl
P T 5 e b AR A SR 4y, I RS 4 W) AT R
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