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Abstract: Inorganic nitrogen assimilation performed by microorganisms can immobilize
chemical fertilizer nitrogen that is not directly absorbed by crops after application to the soil,
which can reduce the losses of chemical nitrogen fertilizer and the risk of environmental
nitrogen pollution. Soil inorganic nitrogen assimilation is performed by functional microbial
populations rather than a large number of redundant microorganisms. [Objective] The
enrichment, isolation, identification, and whole genome sequencing of dominant inorganic
nitrogen-assimilating bacteria in acidic dryland red soil and clarification of the nitrogen
assimilation capacity of the strains in soil can provide strain resources and a theoretical basis
for the application of chemical nitrogen fertilizer in acidic soil and the research on the nitrogen
transformation process. [Methods] We added KNO; or (NH4),SO4 as the inorganic nitrogen
source and glucose as the carbon source into the acidic dryland red soil. Then, we performed
strain enrichment under aerobic conditions and screened the dominant bacterial strains
assimilating inorganic nitrogen by the gradient dilution isolation method. We verified the
inorganic nitrogen assimilation ability of the strains by soil recolonization experiments, and
employed whole genome sequencing to analyze the nitrogen metabolic pathways of different
strains. [Results] The relative abundance of 16S rRNA genes of dominant inorganic
nitrogen-assimilating microorganisms in acidic dryland red soils increased from 0.20%-0.94%
to 20.29%-30.2% after one week of enrichment. We isolated three dominant inorganic
nitrogen-assimilating strains, which were identified as Burkholderia sp. M6-3, Bacillus
Sfuniculus M2-4, and Arthrobacter sp. M7-15. The inorganic nitrogen assimilation rates of
strains M6-3, M2-4, and M7-15 in sterilized soil were (1.28+0.61), (0.17+0.07), and
(0.16+£0.02) mg/(kg-d), respectively. M6-3 possessed a more complete metabolic pathway and
more functional genes related to nitrogen assimilation than the other two strains. In terms of
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nitrogen metabolic pathways and functional activity, Burkholderia sp. M6-3 was dominant in
the assimilation of inorganic nitrogen in acidic dryland red soils. [Conclusion] This study
confirmed that low-abundance microbial taxa play a dominant role in the inorganic nitrogen
assimilation of acidic dryland red soil, and revealed the metabolic process of inorganic nitrogen
assimilation at the genomic level of the strains. The above results provide strain resources and a
theoretical basis for the study of chemical nitrogen fertilizer application and transformation

process in the acidic dryland red soil.

Keywords: soil nitrogen assimilation; chemical nitrogen fertilizer; acidic dryland red soil; whole

genome sequencing; Burkholderia sp.
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1.1 TEREREEHENESE

PR 1T 2021 4 3 R4 HTLPH A 21 3ERT
5% B R Tt B IR 56 5(28°15°30"N, 116°20'24"E),
ZILIR AT T 1986 4 5 1% ML X W Ay 22K
S, AR RN 1537 mm, AR IE
17.5 °C, RAEMh HIERE NS 21 Eh 1, B
HEL ) BE R A K -BK TR IR e Ui
REALHE, i TSR FER R AE 020 em # )2+
B, PRI AT LR IAR R, IR5FF 2 mm
MG T 4 CORAF. LA TS 2% Sk [24]
M EEIE, H pH R 4.9, M FHRK &
(water holding capacity, WHC) & 50.3%, & & &
092 g/kg, SAMLIRE TN 7.14 g/kg.
1.2 TIEE&EFIEF N HiSeq SIREN F

FREUH S T 15 g K 5 A9 pr ff 1 98
F =, K S KSR 2 40% WHC Jq,
25 °C Gl A HE IR 3 d DAWK S It 3 v o B
3ATCUR A BEAEA T B R PEBOREAE S 0 d FE S
SR Je n) A 3 S 0 A A B (glucose) 1 A ik R
(500 mg C/kg), 43 BIA NN KNOs B{(NH,),S04 7E K
ARG pmol N/g), Bl ®E KNOs+glucose #lI
(NH,),SO4+glucose 2 MALER, 7 H3E & /K&
% 60% WHC, RMEEHATE T, 25 °Cit
JEAREFR 7d, BAAEEE 3 ANER, HE
SERUR A TR R BORE  FERE S 0 B 4 °C
FI-80 °CLR-FE .

+ et £ ¥ DNA ffi H FastDNA SPIN Kit
for Soil A7 & (MP Biomedicals)F#EH, %4 I
R SRV A T o AR A5 2 ) e A o
KIZH DNA i —7#843# ] NanoDrop ND-1000

UV-Vis spectrophotometer (NanoDrop Technologies)
€ DNA B FAESE , 55— 70 T80 °CIR 17
514 515F (5-GTGCCAGCMGCCGCGG-3")
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1 926R (5'-CCGYCAATTCHTTTRAGTT-3")%}
13 DNA # 16S rRNA FE[H V4-V5 X7
PCR 4 ZAE) R EM S AE M HARH R
/N Fl# A Tllumina HiSeq 2500 /& i &0 72 F 5
HEATI R o I s A T AN PR, X Pf
FP AN AT BT kR, B AAT BIA P A B
(clean tags).#] Ff] Usearch Z{4:(V10, http://www.
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L B2 >97% 19 7 51 A o i) — 43 25 # 4F 8 ot
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BT REALR — D Fh . SR I B A e
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BIE KT 0.527, i iy = 2E ) 168 rRNA
RN E EfE NCBI $udls)E, Bi5 Nk
PRINA694002,
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1.3.1 EFHE

BB B 55 B (nutrient agar, NA 1i3E
P EAk 10g, FRE3g, ALHNSg,
% 1000 mL 7K 38745 pH R 7.3, 4300 15 g/L
BifE, 121 °C K1 20 min,

JC ARG # K (nitrogen-free medium, NF 1557
29300, ik 20 g, K,HPO, 0.2 g, MgS0,0.2 g,
NaCl0.2 g, K,8040.1 g, CaCO; 5.0 g, #75 pH
7.3, BN 15 g/L BAR, 121 °C K 20 min.
1.3.2 TREARRSE REKRE S STk
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alifk, 7ERME TP EERE,
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JE R R G, W R W ETT PCR ¥7H(94 °C
5min; 94°C30s, 58°C30s, 72°C90s, 354
G35 72 °C 7 min), f#iJH] 25 pL PCR W f& &R
(R 5% it Ml (vazyme) £ ) B 42 00 A BR A H
SYBR Green qPCR Master Mix 12.5 uL, 5%

1492R (5'-TACGGYTACCTTGTTAYGACTT-3',
5 umol/L) 0.5 uL, 27F (5'-AGAGTTTGATCCTG

GCTCAG-3', 5 umol/L) 0.5 uL"%, ddH,0 10.5 pL,
DNA 5t 1 Lo 8 5ok S i F ko R ) 45 2 K% Joie
a, R T aife, bk A TR
Yy TAR (R B A R A A 4T 16S rRNA JE
DI o K 4R 15 9 BE 8 5 90 7E NCBI %54l P2

BLAST (basic local alignment search tool,
https://blast.ncbi.nlm.nih.gov/Blast.cgi) " # 17 kb

X5 3T

iR I AR TR 154 R, LB %
FEI R AR L 115 4>, 28000 S0 Je 15 30 24
FRB 15 Bk, I9FFRT S8 bR, AARE/RTEIRE 6 #ko
L3l P AN RIS, PRk b i i s AR R AR Sk
BN PP a5 R R, I ZRTS 3 BRI, 20l
J& Burkholderia sp. M6-3 . Bacillus funiculus
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M2-4 HI Arthrobacter sp. M7-15,
134 HEHREMESENR

TEWR A S FREE th b M6-3 . M2-4, M7-15
“AVHIFE, 7E 180 r/min. 30 °C K537 Z R F1H
FEIIN RS B IO B0, 6 000 r/min B0
5 min AR RIA, INA 2.5%5 "% 10 mL, %
SJEHFE 24 ho IMATERIKIGEYE 3 1K, B.O)E
SHRIAE T 30% . 50%. 70%. 85%. 90%.
95%. 100% (35 1 1K), 100% (36 2 IR Xt
AT TR LK, FFUCHE 30 min, BLO-ERR
I CE TR TR TR 24 h, AT
I H L B (scanning electron microscopy, SEM,
Apreo 2S, Thermo Fisher Scientific Company)$%
(UERE{BOA
1.4 BEHREERENF

POl NA AR SR AL, H5 3 PRANE M6-3
M2-4 FHIM7-15 4> BRI 33 | 7 180 1/min
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B0 5 min, WOHETE A R AR, &6
IR M L D A= ) H R AT PR 22 \) A Tllumina
HiSeq 1500 /il S F-F- 5 X0 3 AR 40 B 5k A 4 i
AT o MR 2 ik e A T4 e, 4l = AR
#4E F SMRT Link v5.1.0 22 (https://www.pacb.
com/support/software-downloads/)**, [q] i} & 4
—ARA = AR B % B Unicycle 3 17 4H 2%
(https://github.com/rrwick/Unicycler)™, {ii Ffl i %
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proteins, COG)U VIt # 3k A 15 3L [ 41 5 #} &
45 (Kyoto encyclopedia of genes and genomes,
KEGG)” A5 $icHi 2% 3 k240 BT 1) ik D) 20 504 a0
FrEERe, W BB R T a3 N 4] BLAST 4
K (E-value<1", /NS F 3 HE>40%)
LT 2 T ke DR A 2% 5 O ) DR T 45 2R, 25
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A Origin (ver. 2019b)#1 Adobe Illustrator
(CS6)2: A,

2 HZRE5OM

21 TREETIEAFRAL TN AR LA
EE5

AT IR, BRI PR
5 [ )& (Burkholderia) . 20T 1 & (Bacillus)
FERE B (Micrococcaceae) 3 ZEHAWIH) 168
rRNA SR A T B2 0.20%-0.94% . £ & 4R )
XL E Y G IS, T IR E R
P Z 0, K555 1 85, Burkholderia . Bacillus
F1 Micrococcaceae 1 16S TRNA F& K A X = 4y
B2 20.2% . 30.2%7F11 29.5%, HAAHXTF= 1
e ARG AR L iR F] 58.9%-68.1% (3% 1),
22 MBERNARCEHRNSTE. RHit5s
£E
2.2.1 E#k 16S rRNA £ E F5ER M
AWFFEIEAT 3 BROLFATCHL A F AL TR K

308 M6-3. M2-4 Fil M7-15. 16S rRNA JE[H
J¥5) BLAST X ZRER, HHk M6-3 5
Burkholderia sp. HC1.1bh #1 Burkholderia sp.
WK1.1d [R5 R B0, FHRLEE 73510 95.4%F1
95.5%; M2-4 #l Bacillus funiculus strain PK16
ST PR R R OC R B, A0 AE L S AR T
98.9%; M7-15 F Arthrobacter ramosus isolate
PSB49 SFRR R [AJRSC R, P SIARMIAEZ
96.3% (% 2). It 3 FRACHEICHLA [F) Ak bk o
WU E N Burkholderia sp. M6-3. Bacillus
Sfuniculus M2-4 Fl Arthrobacter sp. M7-15. TE43
K &, Burkholderia sp. M6-3 J& T2
(Proteobacteria) B-“E It 2W(Betaproteobacteria) .
1A 78 2 /R 5 [ H (Burkholderiales) . 1A 562 /R
15 [ I BH(Burkholderiaceae) . 1A 588 /R A5 R E
J& (Burkholderia); Bacillus funiculus M2-4 J& T
JEREW | | (Firmicutes) . 0¥ 4 (Bacilli) .
¥ H (Bacillales) . ZF ¥ B (Bacillaceae)
ZEFFT I & (Bacillus) , T Arthrobacter sp. M7-15

F1 BEMEFBEIERABENEARERHCHELEEE 16S rRNA EFHENEE

Table 1 Relative abundance of dominant N assimilating microorganisms based on 16S rRNA gene after the
pre-enrichment culture
Dominant bacterial taxa 0d 7d

NO; +glucose NH, " +glucose
Burkholderia 0.20%=+0.04% 20.15%+0.12% 7.40%x2.27%
Bacillus 0.82%=+0.04% 30.19%+3.87% 21.97%+5.23%
Micrococcaceae 0.94%+0.43% 17.74%+2.28% 29.50%+1.80%

#z2 =#HRAFEAEEFS BLAST 4

Table 2 Gene sequence BLAST results of three bacterial strains

Strain Similar strain Sequence ID Query cover (%) Percent identity (%)
M6-3 Burkholderia sp. HC1.1bh HF674717.1 93 95.4
Burkholderia sp. DS21 AB982950.1 94 95.5
M2-4 Bacillus funiculus strain PK16 MK519226.1 87 98.9
Ectobacillus funiculus strain D5 OK161085.1 89 98.9
Bacillus funiculus strain NK20.3 AY169820.1 79 98.8
M7-15 Arthrobacter ramosus isolate PSB49 HQ242762.1 95 96.3
Arthrobacter sp. S3SP505 KT183561.1 95 96.3
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J& T i 28 8 '] (Actinobacteria) . £ T 9 WM, Wik Me6-3 EIKFREIL, KANhAN
(Actinobacteria) . WFEKH H (Micrococcales) . 1{FR 0.6-0.7 pmx1.0-2.2 pm, A HAEZ R 1.0 mm;
A Micrococcaceae) . 15F1 )& (Arthrobacter). B PR M2-4 KPR ZER GRS RIR, KD
222 EHRTSSHHE 2534 1.0-1.2 umx20-30 um, HAERKFW=4 K

H M6-3 ., M2-4 Fll M7-15 4550 T NA $55R0E 2040, K HARZ000 3.0 mm; Bk M7-15
Al b 30 °CHEFE 24-36 h i, YIERAE . 1% BIEAR, KN 0.4-0.5 pmx0.8-1.2 pm,
I M. ARG EIE R . ERME T BAEE ERA 1.0 mm (K 1),

El1 =#HMMBENEELERINEEREMESHIE

Figure 1 Colony and microscopic morphological characteristics of three dominant inorganic nitrogen
assimilating strains. A—C, D-F and G-I indicated the colony morphology of strains Burkholderia sp. M6-3,
Bacillus funiculus M2-4, and Arthrobacter sp. M7-15 on NA solid medium, the cell morphology
characteristics under optical microscope and scanning electron microscope, respectively.
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23 EHREHARREEE

FER B R I bR M6-3, PNO; kb3
THEEAEHA N FEEESFRTdEMNARFE
0.36%—0.37%3E HN %] 0.99%+0.05%, AN N
0.61%+0.05%; 1M "NH; 4t F T A HLA "N £
TERFR 7 d JGHEINE 2.17%+0.07%, N
1.79%+0.07%. WPk M2-4 J5, "NO; 4b 3
THEANA N EEERFRTdENAREE
0.36%—0.37%3 /1 & 0.49%+0.01%, ""NH, 43
THIA N FEERFE 74 FHnE
0.50%+0.004%. M M7-15 J5, "NO; 4t
TR HHANLA N EEERFRTAEMNARE
& 0.36%-0.37%H I %E 0.52%+0.12%, "“NH,"
MR AHLA PN FEEAERTE 7 d FEHNE
0.59%+0.03% (& 2A). Wi M6-3 1)K 1 + 1
1 R FR S R R R (PN FRic i)
A AL E G & T 5 O (0.24+0.03) mg/(kg-d)
("NO; 4 FH)F1(1.28+0.61) mg/(kg-d) (NH4 kb

>

=

n
1

[Jod .
B 7d

15N atom% excess of organic nitrogen

Y BN M2-4 B9 3 1 RGN A
[k 34 % 24 (0.17£0.07) mg/(kg-d); ¥R M7-15
B9 R 1 JR B SR A o A TR AR Ay
(0.13£0.03)—(0.16+0.02) mg/(kg-d) (& 2B), #J
U, Bk M6-3 TE KEBRYELLIE H IHLA R 1k
e 1R .

24 EMHEEREBARFIISH

2.4.1 EREFEBFE
Bk M6-3. M2-4 Fil M7-15 SEHAH A% S

IDIE R T A5 S R, WPk Me6-3 JEH TS
4K 8 155 157 bp, GC TN 61.6%, HkE
A2 Ak, 2 ANk HILFE A& g X
RN TS B s . B . R A
DIRE MRS X 3 gmAd It RIANECH 7 989 4,
Y DX R LR LAY HU A 83.53% (3 3);

4w 5 RNA 4045 63 4~ tRNA ., 18 /> rRNA Al
51~ sRNA [ ik M2-4 FE[H 751 421 6 575 618 bp,
GC il 40.2%, WHREA 3 Mg Elk, 74
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Figure 2

Inorganic nitrogen assimilation capacity of three bacterial strains. A: The change in organic N

abundance in the sterilized soil with the added strain. B: The net '°N assimilation rate during the incubation
period. The data and errors on the bar represent the mean and standard error, respectively (n=3, P<0.05).
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R3 ZHREEEFE ARG ERETNLE R

Table 3  Prediction of genes encoding the genomes of three strains

Strain

Genome size (bp) Gene number Gene total length (bp)

Gene average Gene length/ Gene density

length (bp) Genome (%) (per kb)
M6-3 8155157 7 989 6812310 852.71 83.53 0.98
M2-4 6575618 6438 5138523 798.16 78.15 0.98
M7-15 4155715 4092 3 655056 893.22 87.95 0.98

JORL; Gt LR AN 6 438 4, ZifdIX Rk
B R B He )R 78.15%, JEZiAS RNA £
15 182 4~ tRNA ., 60 > rRNA £ 4 /> sRNA, B
Pk M7-15 ZEH P51 44 4 155 715 bp, GC &
H63.31%, WA 1Yk, TRk ; g
RS 4 092 A, gt X R T 5 LA
W R 87.95%, L4 RNA FE 57 4
tRNA F1 15 4~ rRNA (& 3).
242 RFEERFECHEERIRE

R M6-3 24 KEGG Ly #2] 6 929 3t
K, M2-4 FERE 5 418 LN, M7-15 HERE
3616 AL, 3 MR A Ik R 4 1 R 81 1) S R 8K
1w i 2 s A2 R ik K AL A P04 (carbohydrate
metabolism), H K J& 24 £ 2 18 18 (amino acid
metabolism)Fl i iz % (membrane transport), &
PREA 5 WKL SR AT A P fE
TERE AT, Wik M6-3 #RLLII4 2 PR
PRERE R 2 A G, R HAE 2
ZREE S T RESE IR Z e E A (I 4). 3 #k
41 Nesk S 2| I ST N K A T 7 Y I D
o T i TR R /A R R 12 T R BRI A A B
B Nre SRR, 2 i [R] A fiE IR 36 38 I B Y nasAB
e DR R0 2 56 IV 4 12 8 38 B Bt %) mirB/mirD JE[H]
R A AR N S B gdhA/GDH2/gudB FEA |
S AT S ot e 5 U AN A 24 R G JL I 1Y) gInA
gltBlghtD FEH4% . H Ttk Me-3 &AM
e N RN FRE, Wik 2-4 & EE Rz
TR gdhAd N gudB, MT7-15 {EiZE 2 H
TR GDH2 (K 5).

<l actamicro@im.ac.cn, & 010-64807516

3 Wik

- 18 vh UK T - R - A BK B o 1
HA S A B AE S 5RO TR Pt e AL
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PLA R ARAE F B 2 9 — LA B e el 1 3%
FITA P T AT AR By, TN & i R A LT
A AR BRI THY; 2018 4 Morrissey
SOV BRI A T AR ) - R A 2
FE P 7 HeB /N B B A S A TS I AR R
THARG 72 T AR AN
R IRk RN AR LT SR D o R R R Rl
TWAEP R RER 4y, R R AE B K = [ e
(1 + 3 rp AR A o g P RIS S e ) T
JIES Ak R P T P R M T R S I A IS TE LR RN & Al
FRASHRIE LURIEIC LA R SAE P i3 5, AT
TER AN & BB TCALR R D25, &0
— JE Y B T R R L AR R A Y E 2R
FHEH 1.96% LA K 5 58.9%-68.1%, TEMMUE
VIR RE b G B UL, AR S RUAE YR
OTUs 1X 58 3 5 OTUs 2 2.06%., BRPES:
b 21858 TR F B A W 2 B O LA R AL i
HRHET RREH.
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Figure 3 Genomic maps of the three strains. Rings from the outermost to the center: Scale marks of the
genome; Protein-coding genes on the forward strand; Protein-coding genes on the reverse strand; tRNA
(black) and rRNA (red) genes on the forward strand; tRNA (black) and rRNA (red) genes on the reverse
strand; GC content; GC skew. Protein-coding genes are color coded according to their COG categories.
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Figure 4 The KEGG annotation classification of three bacterial genomes.
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Figure 5 KEGG nitrogen metabolism pathway and related functional genes of three strains. The green
indicates genes specific to M6-3, orange indicates genes specific to M2-4, and blue indicates genes common
to all three bacterial strains.
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FH A R i A U TR Ak o 2 o T X g A
AR R, DA AR & E &
B NH, " H NOy 541 S Bl fale A 0 i 22 400, B e
M6-3 B H AL A 45k o 2K 39 v 7 o B —
BRIk M6-3 Ji , Hoad R R AR (A LA PN
B8R A AT LK E (1.28+0.61) mg/(kg-d) .
2021 M50 H A — PR B A SR A PR £ JS PR g
P E R ZERIAF B, 76 K 3 b i g AU ek
H 0.058 mg/(kg-d), TEARKH I8 )45 A
[F AL A 0.42 mg/(kg-d) s JLAbBF T & & B
TE C/N 2N 27 MR M -5 rp | 3850 A Wi v Xt
NH,-N [ [F{bH 20 4.6-146.0 mg/(kg-d);
TE C/N S 15 RT3 d, Sk vk st
NH,"-N i [k R 2K 1.4-24.7 mg/(kg-d)“;
FERRA R DI =, SR TR 1 TR bk
ZAUH 0.5-1.7 mg/(kg- )7, ATIL, BEkk M6-3
7 A 1 rh B A i ARl ik e
LR B R, Wik M6-3 I
i K, M2-4 IRz . M7-15 5/l N AY,
B M6-3 JLHEA PRI 2 I RREEH . &
KEGG H R 5 B M6-3 HREI 2 A
FEMACH T RE LN, kAT BeAE AR RE ) b
HANH Bk M2-4 1RSI R KIS
YA T RE LN, 2% A T REZEAR A B B A
#. 3 MRMWEAER ST . RizhFRiEd
HRR K EIER, XA BT R E AR
AR A ok M Ah JC AL UG 12 3 A M O R A T A
AL SRS, A Rk M6-3 549 1167 5
ABC Ha M0 g 2 g - B, 46 b ABC
iz . IR ABC iz | AR/ A TR KA
M2/ 552 ABC ¥%iz%ZFh ABC #iaH M,
ABC HE IR L A2 . AR5 F 1%
J5 i AR Hi g D REEY S TR R M6-3
IR R TR ST A PR A R
B TR M6-3 7E £ [ i AR rh R R B G A

22 R i 2 (glutamate dehydrogenase, GDH)
i gdhA # GDH2 JEIN , HA 7 GDH Y
[A] fk. i F2 (glutamate+NH, +ATP=glutamine+ADP+
PA+H,0) & ] i #2212 [tk GDH 7E & Al fk
Skl B # R, XL R R
MLARALE (b3t T DhaeLat . 5L gdhA 9w
%) NADP(H)-GDH 7 #2485 & [\ fb v 44 8 2
TER™Y, LM GDH2 W 4if% NAD(+)3 A 1Y
GDH, b5 Z PRI R AN o- B R TR
Ik M2-4 7£ GDH @& 12 1B 2 gdhA F gudB F
, gudB AU A IR O3 i B i) it B AN RE
N FREARA W, M M7-15 % J
HREE| GDH2 BN, (A4 N B S AR 2
FE GDH2 By F ik ol /D I 55 M7-15 7E1%
WARR IR e mlE R R I IR N 4l
SATERUE AR I R BRI TR MR M6-3 P ZE PR 1
S 21 HLA F A 7 TS 24k 2 FUIE [ 5E o
i Rk AR .

4 Zib

(1) A5 NERYE LT 43 8 5] 3 ARAK
FTCHA LA R R, 5E Burkholderia sp.
M6-3 . Bacillus funiculus M2-4 1 Arthrobacter sp.
M7-15.3 #RANTETE T3 B TARFEEEHE, H 168
rRNA FEH =FBEAY &7 TR 41 PR Y 0.20%-0.94%; T
Jits WL R — G, 3R s R S0 e i
3 WERRFT IR AN REYS 16S rRNA J R B b
K2 58.9%68.1%, IESL HICHLA R AEKAETT .

(2) PN FRicSem Z B, 2R FE R R ar
P ER E AR M6-3. M2-4 FI M7-15, FHIGHL
AR Ak 3 2 43 1] 35 F) (1.2840.61) . (0.17+0.07)
F1(0.16+£0.02) mg/(kg-d), HAE M6-3 T
HLARIfb BE ) it .

(3) AEEHAMFEER IR, 3 WRAMEIE
B2 2 B R -0 AR AR . Wk Me6-3
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LR 2 B K (8 155 157 bp), Zmfid IR AR k£
(7 989 1), HAEA SRR ZHEE AW TRe
FE Z A B, PR I B R A e
BLATRAET T .

(4) ABFFEUESETE 3 oML A A Ak i 7
R BEUAE W R HEE S IRE , I A BR B R 2K
BN TR R R . BRI ATy
R 1 5 2T 43 A A P e R e A 2 RUIE 1 B
H A R R 58 B AL R AR B U RN S AR A
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