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Abstract There is always a dynamic balance between intestinal microorganisms and the body. They not only play a role in digestion and ab-
sorption, but also play an important regulatory role in immunity, nutrient metabolism and other aspects of the body. In recent years, with the
rapid development of the research on metasomes, people have conducted extensive researches on the intestinal flora of animals by using meta-
somes, on the basis of which the structure of intestinal microflora and the role they play in physiological metabolic pathways have been more
comprehensively understood. Review the research progress of metagenomics in intestinal microorganisms, aiming to provide reference for the

research in the field of animal production.

Key words

WA 2 AAE T ARSI B W E W AE s PR g
MR AT IR LA E AR, Hon 2 A T Rt
SEXT S A B ASRER AR5 A P A 5 TR , 2 o 97 0 1Y)
FIF, M AL ML A A R B B LA X LA A A A
JEANZZ ZERIORG S5 0 ) FH gl 2 3 ok i T8 A 4 1 A S R
(9 BRI A1 W38 P T B R AR ML 9 2 T S g
T TR 7 T R FE B o AR TR MUY
Sy BRSO R SE R A A B AR W T i B A, AR
KARTE T AN IR TE Sl W0 00 T fige , 1 LB A% TPl 000
ST RS PR S S A5 AL A, PRAT , BOR AR 22 1 23R
FAZSER A B T it AT i e e

PR E B R IR 2 R 2 B
P o SR Z2SE IR 2 T B X i T Bl A 4 it A 5 R 5 BE A o
SRS E R AR SN ZE R T R B R AR A AR
55 SR E A ) 2 TR DG 3=, RS B 2 00 4 T bl iR )
WITEACHLER , ZE TR 5167 MiE s ok # 5 1 P v AR
A S B s BRI I A BRI SRS
1 EERAHS

T HERI 21 2% (metagenomics ) A& DAUREE A HLGL & 1 T 1
T S B IR G, FE A P R B ) BB 45 4 S T R
AN ABEAEAE R K R AE BT H I I —Fh i E i 58 F
B, Handelsman 45" 75 1998 4F 1 % 1L DA 201 fi# By - 3R 355 vh

BHEWHE St AAR R B (BAA 242(2019)2285 %) ;5%
MR T R L BRA K AR R (%M AR (20200175 %)
AR (1996—) 4, W ARA, R ERFRAE, R T &5
WRAEFALER, « BAEEL, HIE, W, AEA R
RARY 5 A AR

2021-04-11

EER-N

WimBEH

Metagenomics; Intestinal microorganisms; Whole genome sequencing; 16S rRNA

— VIR W) BN AR E PR P AT B 3R 5 O Al R R A i
AT Tl W R D, O R E B IS P AR R A4 T TR
ST
2 REEARERK

FHER A AR FEA 4 DD IR OFFE 5 PR
SEDA 1 S A T 5 R IURE Aty 19 DNA 3 (D)7 R PR 4 SCHE Y
P S0 L s (O H Y e RERE R BRI o JFG o RE PR 4 S Y
Fa e 5 7 R B AR VR AR A SR R 2 PR 2 SC R o g A
JETEIT T e RS BB AR T, 3 3o J (o7 it vk e or
ik AT REZ MU PR HUTRR A P 43R DNA 1 3RF358 %
{14 I AR AT s B PR, 7R X it DNA A7 B RO FR 45 4
KR B ek o SO T e A 4% DFE T 2h Rk ik, sk
JEARAE TR 7 A BT AR B, R FLEAT TR PR R B B, Tyson
SRS /IN UG I T T A O T — T A R
TR RE D, T A, @ — 0 R g 14 7% P e e ol 2 B
QFE T P71 126 , 2 X 0 K1 D RE B4 5 PR HEAT PR eI sl
PCR BIYIBEI, ARG M % N AT 22 52 6 PCR 4 0 2k
FHTESERE . O Pastaltst , E7e s EA0MIEF T A LUK
ARHGE NG INIERE PR e e R BRI (3% P LU A vy Rt
Frifiie . @IS IR FK T 1 , RAENEW)T T e 173
AL N R LR b AT 0
3 RERANFTE

TFER LA FF 7 1 45 A FE AL I 1 (de novo
J° ) R 48 -0, HG 4l DR R0 2 T e e
HORTEBORFERE A A Y0 DNA B e 845 8, T A
Ft TR O AL LA ST RE T, S TR D) R P AR g
EPEIIT FREEA TS EAER R E Y 4 T bk B



50 & 144 B RE EARMES DA AN PR AR R 19

RIZH R AP S5 A B 2R S 33y sl brkbn
TP A, SR — Se e AL A S SR ST T A R 5
HEATICE W REVE ZREVE R G R B 2 RS TT T
PT35S R A 16S rRNA 2 [H F 511 ok £
16S tRNA — 5T A B 7E4nTE RNA 715 1 80% L I, 57—
JiiE A k5 16S tRNA #H e, 5S rRNA 75 % 4 1) )7 41,
23S tRNA A 5 fmsi st ze7E 2%, Hirp 18S rRNA J& 16S rRNA
FEFLAZAE DRI

4 FAEMEYRIIhEE

Jo A 1y i A A R R R e 99% , A DR AT i ik
9% , A 3% &5 A . iAW S5 % e B giE ok
BN , P15 A RE R ARSI S i 1 g
ARG SHUEHEIEN" 252 MRS R, B0 TR
IAETHAL A DA R B S5 7RG EEAEH, i HAEmE
TIIREAN G B oC Pk 10 2 47 LA S BT MR 1) 32 0 45 T 2 4%
EAARIIIRE ", T ERR A Sh iy« o — LN,

P TB AR AR AR R AR 2 8] BB 2 AR [R] , RIS 2[R
— AN ASTRIFRA Y 2L B AT 25 50 TR AR AR Lt
825 R R I 18 T A W R v S A A A sk 2 sl (R 5
WF5E & B, NS 38 UL W R RE 250 5 I 2 A AR R G
R, REUBRKIEEY A L SAEZ 8 RATEE, M
DU E A SR £ RIS 3 Bk
AT [ 3 P N 2 B s A OGS PR A O fi s [l
INf 5 RIS i 0 A AR ) R R S A AR 81k, T
LSE ROHLAA X BREE 03 0 95 WRSY I, B AR IR
RO 1 T8 Tl A W B A Ak S B — E R, L IR AR
TP —E AN, T XU AT 1 LT B AT B S
S A XTI AT i T T W AR Y B D Y R
(SCFAs) Z 55 WU 1 Sl 15 A0 1 B e Je e i A,
b st el O A S Y 1T NDWNE K R o & SR X
filE > SCFAs 3 1 >4 7 B 5 4 o 412 (L Al 2 102 1 400 i 4 2 K
DL B AR, i BRAC A T8 P R EE 19 pH st/ A B 1, AT 24
FRpiE oRER R E 7 TR AT LA i 1 X i SR 4
A R I AL, ZEBLAR S Ty T A HEAE T, W T A ]
DI AR BREE AR ARk AR R , 325 10 A4 Py IR 1R 5
BT,

ILAEIR Wi il A 5 — S UL =22 [] Bt 9 A
frefo BFSER B, i RS S AL S LB pURE A e 5
WG AR 00 S 6 ™ R B 25 8 Tl O T 2 3 5 7 2
AL TT L IBD 996 97 8 51 S 0 5 il e it 5
REBE AT BRSO IR ST IR AE IR YT S A R G
R X EERFIER  Ral ERE  BR S s K XS
Wi FE TR EEAE

For B i A W AE i 18 A LR LR R,
BRI T f AR A B DL R IR AR U . RIS
EHAEYI T R A ) B 5% A BT 9T R R L AT AR S
R RIE XA R D) R AT IR 5T . AR, HAT 1% W1
VBB IET T H FL Ay B R SR R B R H R, BRI HE AT 1A 41

KFR R AEY R G e SR IR 5y, R A
TFBAH BT B 70 A P AR AT SR SR RS,
FE N AR PR BGEAL A5 B TR BT A T AR B, HR E I
FRai sy BT A TARKR IR, KOR4e 6 1 I [a] , BE i B
TH MW ARG Y I S5 R R B, #1198 T AR ) 5% U 4 R
FH=AS(A]

TEWIE WU D)L A 5T, I 2010 4F5E N | BURITR%
{91 0 T 0 5 2% e D Sk 8 R A 2 o0 AR
TR M E I ) B N SR A T TR sl s
TR AR S W e CE W A B A S TE L
AW R XA DG B R A AT T IR R, EAE
R TSR S I U S . AR
FRA S i JE T ) BE TR AR A 2, RE RS B A AT T 1%
A=Wy N K S g R A, 7R IR T O L R]
PLRAEEEAEH]
5 RERABEINYIFEMEY N ARR

PR AR BB RDRE i B S S M B
ZREPER A XK, Yang 5 RIS R B, sh dl i 5
J B A X ZR LA G, AN TR T 1) i 3 2 0 2t A
FIF) . Kim 257 BETE R B, SR R A A B B ) B it £
A ANARI] o SIS 30 1o ot A ) Aub B £ A 44 JE 1Y
T B WA AT R L TR e, 45 3R s, el KL 4T i 2
(8 TR DR TR by BRI A 2T 4k (197 15 2K A1 FH2F 4E AT
TR 5 ) M5 B K AL 5 3 22 R AR Ik ik, 38 35 TR TR 55
DRFC TR, 22 W1 1) MEAE AR it S R AE R 7 A RO, TS 5 AR I
HEAEREE TR TR USRI W i R R K, J e
AT BRSS9 1 TR M) AT 16S hRNA Y, e 4L m]
2 IR 1 2 i R 1] i v 0 JER B 1 LA B TS 2 T 1T ) R X
FEER I, Hrh A B R3S 0 AT RE RIS AL AN K
HESGAEA Ko R o Danzeisen 251 BIF 55 % B, 78 H AR H 8 0 5
AEHE R T3S 17y Hh [Q TR (Roseburia) \FLIR 8 ( Lacto-
bacillus) . BR 14 J& ( Enterococcus ) , ¥ INFEBR i J& ( Coprococ-
cus) IO (Anaerofilum) UL B RRER , 78 1] I 73 gk L 25
F AR R AR R, K G R Ay [C A ( Escherichia
coil) o VR SRR CR A A 2 SO OU R M )R
(RZEAE K S8 A B E W) 2 (A AR 22 5, [l i rh i D 3 v s
SERENTH B (Anaerobacter ) Fil Turicibacter , 1T 15 45 i o 3 X
i J& ( Prevotalla) BT H 7L ( Oscillibacter ) F13% ¥A R 9N & @
(Succinivibrio ) W AHXS SN & 4 , R m A BHICR A TE B W
P b 2% 5 03 2 5 R R AR DA R AR A G, 45 T
W2 5 2S5 RN T AR =AU C,

TR i E A M R S A T A , T AR SEAN TR
TR S A K S IR R, sk B4R HT 16S rRNA 1l
7 T BOs g 22 A AT A HEAT 404 A I S5 B n « R E k
Al i T S A I i ) A X = B AR AT, A g T8 T
AL E T AR JEERE B T 1A AR = B 14 i m] Al A1 38 A 4
KHo

[ SPIAEA R PR 5E Hr A O, e A W A A AH



20 B A

2022 &£

[7) s AHTRI PR S T, 4 Sl R B — o 1) Ak BEHC il S A W 1R
FEA—RE . FEZRIENA R BT, o] DO R e A k47
EOWLST BT, S ik 6 P A S A X S A 4 | RE AT TR A S i
AR . FEE LR A R BT 2 e E Y 2
FEE 2 T Rl—3 K T SPF (specific pathogen free) ¥145
BT 2 A, Horb R MR 2 O SR BE R ] W 3E R T SPE
41, IR BETR 7] A2 B9 SCRAs 23 X M 4 32 7 e 3] 18 it A
FAS o XRG4 (GRS B I i L 2352 e B
A E U IERA YR 2R, 1 AT RE -5 100 1R s B
DA B Jed B R i 0l A %, AR I e BT BT B 5 ( Oscilli-
bacter ) 5j Akkermansia T4 )& ] REXS H7 74 2 5 1) 1A o AR B4
VA PR o S SRR R S5 B0 B A SR B
FEBEATOIPSE , K BUSERE G 1 AU 3 1) RERS TR 4T e Bk A
D7 A, MR R TR R TR i 7 0 A 41 4 3R A S ik
el g okt e 2 (i A s S he L N R
TEEY A 32 B 22 M KR RS2, X6 T 3 A ) ) TR
ATV ANCRT LA B 90 4 4 A 38 w] LI sl A KR
PEATAT R, DL A2 A P A 1 I oK o

6 ING

YIE NI W R ERE, TR E PR

PRASE ST, B W — AR R E B A S R S8, 1

T AP AR AR B R AR S DL

g, H T B R Y R T O 2B T A

PRI TR FNGTT o (HI2 , G T8 i 947 g 3l A= ke 5

S A 05 T RIS A HE 7545 FBESE HhR] L E g E

TE YRR S A AT RE- S S 4 A 7™ SE AR R 2, LSBT

S BTN R B R, TR R & e , et A & AR R SR,

D PRI S R 2R 55 o PRI, FH 2 R TR 2 A 5 TR RIS

SETRREA A AR A SR

SE 3k

[1] UKHANOVA M,CULPEPPER T,BAER D,et al. Gut microbiota correlates
with energy gain from dietary fibre and appears to be associated with acute
and chronic intestinal diseases[J]. Clin Microbiol Infec,2012,18:62-66.

[2] HOOPER L V,BRY L,FALK P G,et al. Host-microbial symbiosis in the
mammalian intestine : Exploring an internal ecosystem[ J ]. BioEssays,1998,
20(4) :336-343.

[3] HANDELSMAN J,RONDON M R,BRADY S F,et al. Molecular biological
access to the chemistry of unknown soil microbes: A new frontier for natural
products[ J]. Chem Biol ,1998,5(10) : R245-R249.

(4] sRkE, dlig. 2L PRZAS Lt e [ T]. s Ee, 2010, 37
(3):87-90.

[5] TYSON G W,CHAPMAN J,HUGENHOLTZ P et al. Community structure
and metabolism through reconstruction of microbial genomes from the envi-
ronment[ J |. Nature 2004 ,428(6978) :37-43.

[6] UCHIYAMA T,ABE T,IKEMURA T,et al. Substrate-induced gene-expres-
sion screening of environmental metagenome libraries for isolation of cata-
bolic genes[ J]. Nat Biotechnol ,2005,23(1) :88-93.

(7] ximh. ZE T8 a3 R [ D] B 48
FRUMYE AR, 2020 1-21.

[8] Tz 2B 5 B AN L D). B 5L 2R RS,
2015.3-6.

[9] CHANG Q,LUAN Y H,CHEN T,et al. Computational methods for the a-
nalysis of tag sequences in metagenomics studies[ J ]. Front Biosci Scholar
Ed,2012,4.1333-1343.

[10] PR SRR, 5CB, 4. 22 MRZEF R AN E B P e TR T ]

EHEEIST ,2012,33(6) :574-585.
[11] VRIEZE A,HOLLEMAN F,ZOETENDAL E G, et al. The environment

within ; How gut microbiota may influence metabolism and body composi-
tion[ J . Diabetologia,2010,53(4) :606—613.

[12] GARCIA-LOPEZ R,PEREZ-BROCAL V,DIEZ-DOMINGO J, et al. Gut
microbiota in children vaccinated with Rotavirus vaccine[ J . Pediatr In-
fect Dis J,2012,31(12) :1300-1302.

[13] QIAO Y,SUN J,XIA S F,et al. Effects of resveratrol on gut microbiota
and fat storage in a mouse model with high-fat-induced obesity[ J]. Food
Funet ,2014,5(6) ; 1241-1249.

[14] WU G D,CHEN J,HOFFMANN C,et al. Linking long-term dietary pat-
terns with gut microbial enterotypes| J]. Science,2011,334(6052) :105—
108.

[15] KHAN T J,AHMED Y M,ZAMZAMI M A et al. Effect of atorvastatin on
the gut microbiota of high fat diet-induced hypercholesterolemic rats[J].
Sci Rep,2018,8(1) :1129-1137.

[16] PHILLIPS M L. Gut reaction; Environmental effects on the human micro-
biota [ J]. Environ Heal Perspect,2009,117(5) ; A198—A205.

(17] . w7 FEERRAI e AR A A A RE A= & S T
[D]. TE353 T RIA,2013:12-32.

[18] PALMER C,BIK E M,DIGIULIO D B, et al. Development of the human
infant intestinal microbiota[ J]. PLoS Biol ,2007,5(7) :1556—1573.

[19] YAMAMURA R,NAKAMURA K,KITADA N,et al. Associations of gut
microbiota, dietary intake, and serum short-chain fatty acids with fecal
short-chain fatty acids[ J]. Biosci Microbiota Food Heal ,2020,39(1) :11-
17.

[20] £, 6THE G 6, & AT s R R T R e AR e e s
HREPERILT]. AR EIEPR SR R S /2R, 2019, 13(1) :81-85.

[21] ZHENG N,GAO Y N,ZHU W S, et al. Short chain fatty acids produced
by colonizing intestinal commensal bacterial interaction with expressed
breast milk are anti-inflammatory in human immature enterocytes [ J ].
PLoS One,2020,15(2) :1-15.

[22] ZHOU J,TANG L L,WANG J C,et al. Aflatoxin B1 disrupts gut-microbial
metabolisms of short-chain fatty acids, long-chain fatty acids, and bile
acids in male F344 rats[ J ]. Toxicol Sci,2018,164(2) :453—464.

[23] NIE'Y F,HU J,YAN X H. Cross-talk between bile acids and intestinal
microbiota in host metabolism and health [ J]. J Zhejiang Univ Sci B,
2015,16(6) :436-446.

[24] KANG D W,PARK G P,ILHAN Z E et al. Reduced incidence of Prevo-
tella and other fermenters in intestinal microflora of autistic children[ J].
PLoS One,2013,8(7) :1-14.

[25] HILL-BURNS E M,DEBELIUS J] W,MORTON J T,et al. Parkinson’s dis-
ease and Parkinson’s disease medications have distinct signatures of the
gut microbiome[ J]. Mov Disord,2017,32(5) :739-749.

[26] ANANTHAKRISHNAN A N,LUO C W,YAJNIK Vet al. Gut microbiome
function predicts response to anti-integrin biologic therapy in inflammato-
ry bowel diseases[ J]. Cell Host Microbe ,2017,21(5) ;603-610.

[27] CASTANER O,GODAY A,PARK Y M, et al. The gut microbiome profile
in obesity: A systematic review[ J]. Int J Endocrinol ,2018,2018:1-9.

[28] ZHANG Q,YU H Y,XIAO X H,et al. Inulin-type fructan improves dia-
betic phenotype and gut microbiota profiles in rats[J]. Peer J,2018,6;1-
24.

[29] GOPALAKRISHNAN V ,HELMINK B A,SPENCER C N, et al. The influ-
ence of the gut microbiome on cancer,immunity ,and cancer immunother-
apy[J]. Cancer Cell ,2018,33(4) :570-580.

[30] QINJ J,LI R Q,RAES J,et al. A human gut microbial gene catalogue es-
tablished by metagenomic sequencing| J . Nature,2010,464 (7285) : 59~
65.

[31] XIAO L,ESTELLE J,KIILERICH P,et al. A reference gene catalogue of
the pig gut microbiome[ J]. Nat Microbiol ,2016,1(12) ;179-184.

[32] XIAO L,FENG Q,LIANG S S, et al. A catalog of the mouse gut metage-
nome| J]. Nat Biotechnol ,2015,33(10) ;:1103-1108.

[33] LI J H,JIA H J,CAI X H,et al. An integrated catalog of reference genes
in the human gut microbiome| J ]. Nat Biotechnol ,2014,32(8) :834-841.

[34] sk R FERA IR S RIhRER N SR R FRTE[ D] b
B ER RS, 2018.:45-46.

[35] FrEH. 2RI R SR 7 S FAFE [ D . dbst: R E
Flafp, 2019, 7-42.

[36] YANG L N,BIAN G R,SU Y et al. Comparison of faecal microbial com-
munity of Lantang, Bama, Erhualian, Meishan , Xiaomeishan , Duroc, Land-
race ,and Yorkshire sows[ J]. Asian Australas J Anim Sci,2014,27(6) :
898-906.

(T4 29 )



50 & 141

MBI E HRARE TR 29

1. BiPH: BRNIE A, 2015,

(297 XU, ZEFIFH , XUFR, 5. R E GRS i B AT
AR ] AR, 2007,27(5) (17631771,

[30] ¥ NP TR S e CERHE St R S ROCRIMTAI D). K-
WHREA A, 2015.

[31] TR N, 57575, 55 JEHEF 6 35 i iy s GRS T A R B
R FEHRE R 2014,20(1) :54-60.

[32] kAR, B9 7, XUREI, 5. B 20 AL F R A8 HR R el 2 1
SR T . A EEREE 1, 2019,25(2) :40-47.

[33] SRR AT ap B RREE S Z SBR[ D ). 2322
LAl ke, 2016.

[34] XS, IR, B575 , 5. R AR & S e G [ T ]. {55
TRl ,2014,42(3) :275-279.

[35] ZERNH. R ZFKEA IS =R ) H A= TR AR A B RAY 20
[D]. &I A, 2013,

[36] 2R, SRAAL, 1R 5T GIS BRI &I RS A A R U e
SRR ] PSR, 2014,26(7) :76-79,83.

[37] SBfs. AR L S G RERFE M H S (S R B 5T
[D]. Kb Al I, 2019.

[38] . STt Ml 87 UL A IRBIF5T[D]. EBHF: B
AHFE ToR2,2013.

[39] HUE. BT msr PR & R LIRS (SAR) 1Y s 50 LI MBI 75
R D]. BiPH: B3 HIMFERA, 2015.

[40] FEHEEL, 3R, Hpgos, 5. 1R SR A= AR AR E LR FHZRR
[J]. A0l T2, 2018,34(21) : 144-156.

[41] JIN M,LIU X N,WU L,et al. An improved assimilation method with
stress factors incorporated in the WOFOST model for the efficient assess-

[28] 5. 553 HE S SAR i85 ISELL MRS Bt s 0 i T
[D

ment of heavy metal stress levels in rice[ J]. International journal of ap-
plied earth observations and geoinformation,2015,41:118-129.

[42] DENTE L,SATALINO G,MATTIA F et al. Assimilation of leaf area index
derived from ASAR and MERIS data into CERES-Wheat model to map
wheat yield [ J ]. Remote sensing of environment, 2008, 112 (4) ; 1395 -
1407.

[43] B, TfHEs , mo%, . BT @ s BAWE A RARAL R (/K e
PR )] hERE (5 R, 2010,40(S1) - 173-183.

[44] JIN H A,LI A N,WANG J D,et al. Improvement of spatially and tempo-
rally continuous crop leaf area index by integration of CERES-Maize mod-
el and MODIS data[ J]. European journal of agronomy,2016,78:1-12.

[45] SeTulph, At 3522, 5. AR TRERLEIIERYE B SRR A
FEARLT ] 38,2010, 14(6) :1226-1240.

[46] LIU F,LIU X N,DING C,et al. The dynamic simulation of rice growth pa-
rameters under cadmium stress with the assimilation of multi-period spec-
tral indices and crop model[ J]. Field crops research,2015,183:225-234.

[47] VAZIFEDOUST M,VAN DAM J C,BASTIAANSSEN W G M, et al. As-
similation of satellite data into agrohydrological models to improve crop
yield forecasts[ J ]. International journal of remote sensing,2009,30(10) :
2523-2545.

(48] Bfith BENGES. BTG R/RE RN Y RN LAL £ R R
(1], 272441, 2017,37(9) :3046-3054.

[49] ka2, PR, FMGHT, . ZT R R ARG B paR B T
A NI T ] TSI RS, 2017,35(6) 1 266-271,
293.

[50] #R0hE, REMEHE , TR, 4. SR LR B SR s [T . 7
FARREFFA1R ,2011,45(4) :395-401.

[51] fBsta, B FDURE, 55 BRI RS M- AR s 1 s e 2 H

TR )] SRR, 2013,19(4) :41-47,54.

[52] PR, BHBET V& , 55, BERII NCSS I 4 AR R R
A7[)]. FhE R ,2016,37(2) 47-53.

[53] EAH. LB IR ST R [ D]. M ARl
*,2016.

[54] ZHANG Y H,TANG L,LIU X J,et al. Modeling dynamics of leaf color
based on RGB value in rice[ J]. Journal of integrative agriculture ,2014,13
(4) 749-759.

[55] WU J,YANG S X, TIAN F C. A novel intelligent control system for flue-
curing barns based on real-time image features[ J]. Biosystems engineer-
ing,2014,123.77-90.

[56] WANG L T,CHENG B,LI Z Z et al. Intelligent tobacco flue-curing meth-
od based on leaf texture feature analysis[J]. Optik,2017,150.117-130.

[57] E2=, iRdes, 7T, . ME b Ui J . Aol iU,
2011,42(4) .163-167,173.

[58] == ladhse, 29, 5. 2T ARG by e AL i
el I]. AT ,2011,33(8) :51-54,58.

[59] L, #t, Relts, . ER AER L BRI T ). hE R
R,2005,38(12) :2421-2427.

[60] #7tE. MHER AR AARA B AT N R TIAZE L D] A - 7]
FAAAIL AR, 2004,

[61] Jisge, BN, B8, % MR KR =R TR [T ], R -2
5i+8#1,2010,27(4) :106-110.

[62] LI T,RAJAGOPLAN U M,KADONO H. Fractal based complexity analysis
of wheat root system under different heavy metals[ J ]. Plant biotechnolo-
2y,2019,36(2) . 77-84.

[63] JREF, 5Bk, FRE. /NE B IR A SRR A D SR B a7 55 0
AT FREfllR,2006,39(11) :2261-2269.

[64] PRI YD RELEEIA RS R [T ]. REHESR,
2012,24(10) :2039-2048.

[65] SHIT X,MA Y T,WU J,et al. Quantification of light absorption and pho-
tosynthesis of tobacco canopy using 3-D modeling [ C ]//Proceedings of
2012 IEEE 4th International symposium on Plant Modeling, Simulation,
Visualization and Applications [ PMA 2012]. Beijing: Institute of Electri-
cal and Electronics Engineers,Inc,2012.

[66] #RARHH, P, 5275, 5. MEI)RE- 25 HIIE 8 GreenLab—Tobacco f#4)
L], TP EREER ,2016,22(3) :52-59.

[67] i KFe, BEEk, SR, 55, i L AR A R S R R A R
FHIESORATLT ). ArE/KAERR,2020,34(3) :256-265.

[68] Jkk. LT Ept iR S SAFY-FAO VEMII b4 N2 A=K
SR D). 93 : PEALAMRHI:, 2018,

[69] FB2 ARRFE, TR, . B2 T EFAST 7574 AquaCrop {EVIIEHY
A GRS ] rrERLAR:,2017,50( 1) :64-76.

[70] JABLOUN M, LI X X,ZHANG X Y,et al. Sensitivity of simulated crop
yield and nitrate leaching of the wheat-maize cropping system in the North
China Plain to model parameters| ] ]. Agricultural and forest meteorology,
2018,263 :25-40.

[71] TAN J W,DUAN Q Y. Parameter estimation and uncertainty analysis of
ORYZA_V3 model using the GLUE method[ J ]. Transactions of the ASA-
BE,2019,62(4) :941-949.

[72] PAULUS S,SCHUMANN H,KUHLMANN H, et al. High-precision laser
scanning system for capturing 3D plant architecture and analysing growth
of cereal plants[ J]. Biosystems engineering,2014,121;1-11.

(73] bt 1525, &1, 6. SESGEE Tt/ E R R 4R VR 25
FRECEEL]. {55405, 2017,33(9) : 1230-1238.

(%20 1)

[37] KIM J,NGUYEN S G,GUEVARRA R B, et al. Analysis of swine fecal mi-
crobiota at various growth stages[J]. Arch Microbiol ,2015,197(6) : 753~
759.

(381 3k, Mz, Bk, 5. “RIAATAEIR FAR N AU LR B = th
RERSIAI Z R RZR T 0] HR B4, 2020,40( 7) :1391-139.

[39] TR RN REHE ) 72 B N A 5 o M O 5 IR hlo ok R I
[D]. M 47K, 2019:50-71.

[40] DANZEISEN J L,KIM H B,ISAACSON R E,et al. Modulations of the
chicken cecal microbiome and metagenome in response to anticoccidial

and growth promoter treatment[ J]. PLoS One,2011,6(11) :1-14.

[41] 18R, AR ECR R IS a2 AR 2 AR
HERAENIR D] Jbst Pl A, 2018:25-62.

[42] SkodiPH, BR300, 5. RREAER G InE AR R SR
ML J]. frEZRE,2019,41(13) :30-36.

[43] RIS HU2 e SPF S RLEB I N 5 R SREHL
NREEIR RO D] e [ ARALR:, 20202541

[44] VFo25, vy, FAUAR, 6. SAECONHit = A zE s M e i
ARSI C 1/ RS R A R et . RS E R
T T BEARRALIE R Ut P E ERE R 2,
2018.

[45] BEEE:, T4, 2000, . BT BN A9 ot RAHIBE i 1
AW ZFEELT]. B, 2020,56(7) - 1-4,134.



