LARH 19G4 HYRL - (o[ e 2 (A)RIME 19G4 53] o] LT EE i scH#A (B (&l 19G4 53+ 1]
DLBL J ST — BB (dimen)(C) IS T IE 25 B REEL 19G1 ~ 19G2 18 » {HEL 19G3 =5(D) Al A %Y
SEAb T B SRS 7R (clssical complement pathway)(E) 7] 5 [EEHE A4 (mast cell)F & Bk iy fe
JiZ(degranulation)

2023 B B &

SHEEE (A

et -

A

i

! )

A » 0 0 4 "

| " . - Hinge variation

' [ / 7.";/-" IgG1 1gG2 isomers 19G3 allotypes 1gG4 ¢OmO

i, : N e, e Inter Intra Tl
ﬁr I h 4 'm'r b A AB B chain chain||_& O B © b
WA
“

i

\ L

st THIE Sucuss ucon Sison
1pGALTH0 IaGatim ~16% ~55% ~13% ~94%

FALIE

(O P HYIEH RIE 19G1(66%) ~ 19G2(23%) - 19G3(7%)ifj 19G4(4%) - (D) A HEARUE
b B RS ES £ (clssical complement pathway) © (E)-A5 [FEAERAHAE(mast cell)Ffr & FEf
kg (degranulation) - (FHE IgE FIAEARAIAEIIEA <)

19G HlIeh B2 s bRy ARt E S -

19G4 & —TEAE4EHE K DR @R N EiAS - A5 TEHE A28 19G #Y 5%~ 2 & 19G 58 BF
(subclass) /DY o AHEFY 19GL ~ 19G2 o 19G3 » 19G4 JE A AN [ FE A7 15
FEPEROR > 72 0.01 5] 1.4 mg/ml - {EHEELA B CIUEFHY 19G4 JRIE EHETRTHY -
IR 19gG4 E#i(heavy chain)Ay~ 85 [& 15 (constant domains) A 19G guEERYAR DL E 45
95% - {H A5 A B @I B BE N [E] - (015 19G4 #-F- i A 8L Clg 455 ~ Bl Foy #%
2 entE e HIRE B TR(R - (RIE 19G4 R EEARHELHESES (K - IREIEAE &1L
VA - 19G4 B — St e E i Ba s a7 JE (half antibody exchange reaction) » E[J
IgG4 31T Fab-arm #Z#4 (fragment antigenbinding-arm exchange, Fab-arm exchange) -
LR 10G4 75+ NAVESERATRE - GBLRIY 19G4 7pFRYESETTACHR - & 1gG4
&ih Fab-arm AZHAfG & B R A M EAR FEIRVPURGE S A E - SR 5% (bispecific)
SR FTEE R AR B E DU BEE4S & (functionally monovalent)fy 19G4 » 552 SUH&E

TR t8 &) -

B

g P 4% = allotype variation

Fab Glycosylation (5-30%)

TS (W e

H :



2. KDV R O R B R R SR s W ST s R HIE - T YA IR RE 2 (A) B (RyE
ATHERRAE A 1825 7K o7 (B) AR H &5 R IR 2 - JE R BEARAS (C) AR A NG By
400-700um > fIILA 3% & EE/Ki% & |\(D) Fut F SR Jy e i% o] LB RIAMAERX - HIETE R E %
HRAEAP)(E) FH B e f B 2 T B AR E N AR 2 AR R 2o R M I - HEE Ay
RN E 4

2023 £ FHEH B &

2HFE % (A)(C)(D)=(A)(D)
fEfT © (B)ARRER A N 2EAkE - (E)Xie AL BB Z2E -

CIARKORENN

(T trmmunmEEm >

e MR
MESBLERN r)

ST <
! Lreusa [ ]
s 7 A#
“d Kb Ey kR .. oy
e Sal ) . s . "o nE ]
g § ¢
. ok £ b é |
£ —
= E . | = afe O !
l ],

= A I

O ASDEE - ARSI - BTN R e
JAUEE
3. Fﬁﬂﬁ@ﬁ%éﬁﬁﬁtﬁﬁﬁ IMAE (heme) B gL ? (A)fEEH (catalase) (B)H1LAL 2 (myoglobin)(C)
#2752 (chlorophyll) (D) 41 2 (hemoglobin)(E) 4t 22 2 (cytochromes)
2023 A=A B &
2HEZE T (A)B)D)E)
FEEffr © BN i T A MRS B S B S8 R 2 HE Y i 41 22 B LA AR A Y SR SR 28
E’JHILZL% HAMEA R SRS - EIRSE A (0 R BUE (LR T PR S L S s R
# 0 shfigik (catalase) ~ (LB (peroxidase) ~ A ELZR P450 - ZHSIH@@% FMLEE

(cytochrome oxidase) - EE4& [ifi(monooxygenase) - 45 fiff(dioxygenase) =

" Tz
\-.,cy

/CHz

H;C

COOCH;

[]
HaC e

FLEH



4. NI (] ] A EAZ SRR EA A 4R 7 (A)16S RNA(B) A+ ((intron) C)fZ HE RS
(ribosome)(D)ATP & (ATP synthase)(E)DNA 2241 (DNA polymerase)
2023 A= FEAFE B &
SHEZE  (M)(C)D)E)=(A)B)C)D)E)
fgetir © RER i R EAER DT - HAHE T FEEEE AT tRNA R rRNA ZRF - DB
TERIGE B EAF -
FEIFRZ AR FAAE =T R/NEY rRNA(23S ~ 16S i1 5S) - EZAYIRE FA DUfE
rRNA(28S - 18S - 5.8S 1 59)
L H
5-%§£W§E%ET s PSS LB LS A LS o SR T s S
P ZHEARAIREN 2 (A)F A IShRER 255 = k72 (B) 5 = I RE PN 2 Eif H e (C)
UiV (D) F5 2= &5 H E I H i (B) 8 S 4 (L E fH R
2023 4 BHAGH B &
25 %2 1 (A)C)D)(E)
et - F— 0 E REEREERANE S S 08 K HIRRERANES - MR & " JIREAE A
éé FEIARIRZE (AS)FIRTEN AR AE (PS) -

© Summary of Heart Murmurs 4+ Summary of Systolic Murmurs
Systole Diastole
Aortic stenosis Pulmonic stenosis Mnral valve prolapse
"
S \J \J 1
: Aorticstenosis (AS) 1 S S 5
Aortic |
area
Aortic regurgitation (AR) | || | | | I
Pulmonic stenosis (PS)
HOCM Atrial septal defect
Pulmoric Pulmonic regurgitation (PR) S S Si S, S § 8
area | ]
Atrial Septal Defect (ASD) | | | | I I |
| I
Patent ductus arteriosus (PDA)

i ; Mitral regurgitation  Tricuspid regurgitation
Apical Mitral stenosis (MS)

area

::
i S,
Mitral regurgitation (MR) | | I
Intensity ' Time—»

HUEH

S1 S S1




6.55 [t T F AL e # IR 2 (A)FSEERSRTEE /1Y A R E T E N B S BB S 21
(BB KA L EVIRIHEE QY 52 28 8L K B s A DA (B) B ITURERS: - RIS RSB AT e
HRZR T b LUTESS AL ER RN A2 S5 SHEN RN E BIHRAG T (CfERRFYBES HIRM T » e &
R g = LURDHAILA 88 B Y 7o e A A - o- BRI i b Ry 2 2 (D) B & 550
B B 22 I BT+ (R BT A4 B S e e B B S B (B) B 5 B RTLARAE =T A8
A2 RS Z P2 (insulin independent) iy ey ek B8 £ 1 R > IRIEL S ] A 3 77 B 58 — AU E
PR S5 P2 Al e

2023 A=A B &

25 EZ T (A)C)E)

fetf © (BYEITNERS - BB RHECEBIFIE _ERRZR b DU A LER RN 32 S5 (1 e SHEN AR AT

PR S 5t 7 (D)ZEB) T EYHLAFT Y 1L-6 - & 5m b (e & R RH) AR A
g MCRDB e A A e - IL-6 W E R CERGERY L AR A 2R AR
(Glucagon-like peptide 1 - f§f# GLP-1) » #E— (R HERRE Z 5700 o

Peripheral glucose-sensing neurons are found in a number of locations throughout the body,
including the oral cavity, gastrointestinal tract, portal-mesenteric vein, and carotid body.
Those found in the oral cavity and gastrointestinal tract are associated with the detection of
ingested glucose and convey information relevant to elevations in blood glucose and satiety.
Although the portal-mesenteric vein (PMV) may also retain glucose-sensing neurons
capable of detecting elevations in blood glucose, PMV glucose sensors have been implicated
in the detection of hypoglycemia, as have the polymodal chemosensors of the carotid body.
SEERRH I TENGR R LA 05 —EALRE PR s B RS B S 2R AV BBURL M - (BRI A2
N R B Bl E B ANATEC - R REE At (SR A T 4(GLUTA) R - B ] TR
TADERRIEE - IRAERE R ¢ LIS BRIV B E FE - 2. GLUTA Y& &3
Al 3. LA o © R B B S5 0 IR S 2R BRI H L e (insulin-sensitive fiber types) -
A D SRR A8 4 HE (sarcolemma) 1Y AE'E # i (phospholipid composition) o 5.5 il 47 fi#
(glycolytic) ke A LEGHYEM: o 6. 3G ISR & RehgHy &1 -

= e \ N

=—=\(% Efferent
glucoregulatory 2
neurocircuits |

=

b Hypertension |
ARC*I\_A—E ? / Hyperglycaemia
2 - \ Sympathetic f
- - \ Central glucose sensors activation Sympathetic
Peripheral 4 activity

glucose sensors | I

o - /
- - { 7
/ \ / ! /08
( @ \ //’ S90haryngeal norve
A 4 . P e -
| Autonomic S
4 Saml Blood glucose | | nervous system s
i nerve

}-fepalicpor(alve«’ng : | T l‘ -f | l
- vl [ v K}

AL » o]
TAX Glucagon W 1 3
3 ; D /f

Adipose

- - ==~ .| 6LP-1RA!

| ~
7 N
/ N
X

Insulin Insulin

, Pancreas Liver Gl tract

Muscle 1 Glucose Metabolic
disease
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Glucosensing

[carotid Body | Pmv|
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Central

Integrative Networks
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Hindbrain

Glucosensing

Neurons

1
Spinal | '
|IX Cord I : I l

Pre-Motor (Autonomic)
Networks

Motor Neurons

Counterregulatory
Endocrine Ouput

B LR

Cortisol : “
ﬁw F.

AeBh4ER

TNF T#
IL-10, IL-1Ra

LH
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ARH

VMH

i
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|
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: : : DMH Inhgmion
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55 7-8 B A4
4.5 [+ BITLE AR T SR BT B TR R — R AT 4
T — BB E AR R B AT T RSB T AR LT - BBy
FER/ NG 18 ARE » AEAEEL) 10 BEERT ¢ LS8 DR AT A 2 — e NRERY oL
527/ DA AR (3 F ERHE 1 637 10179 2)

EEFSEEMEBRRAELIZRTER

7R EACRER H PRI MRS > 35 N SIREHR% i s A R ] 38 TEAEE 2 (A) B
B b ] RS HR Er B (B) At _ERYEE Ba i nl e Ay BEHE I (C) /= A& B2 R Y
BREN PR AREL B4 (D) A e BT A St L T E R 1 (B) F A tE T A G (74

2023 ‘£ RAEH B &

SHEZE  (B)

fEdfT - Safnn H EReEE LT HAVBE IRE A 1% > BRI 2% > U120 o] APERReaf - St

Atadatm i A fndath - AR EaEAE R 15 AR BlfE « L NSE -
AR M S IR AREE BT HEE IREFRM > EYESEE - ERAY MRS 223 24
oy oV HAE > HEERACOERIFESFERENEL » WIS E—
ERfE - e E R ORI - ST AN E SRR ERS - AILVRSER R RV R
PO R e ACHET - Safiinn H oA SRR EIHERYRE A IR AR » SR AV ER
i RO S P A R AR A 8 > EER S ERY ~ NERERIMR - T ARERHY
ENEEETIRRRS /5L S R SR ] - SR b SR e fR T BN a2 AN
B LI EE ~ SE skl T R Al S I E IR G R e — R T A L

SO



8. NHIRE i F RG] 5 TERE 2 (ARG BRI B AR AR Foon] 5 (B) S fid 3R AR e iy H.
h— SR 2R (C) e i e & 45 BA N BB AYRHE (D) E R FL HH TE & Bii B B 48 (E)fafig
N[ENEG=gi=t=p iR STov=

2023 4= AR B &

SEEZE T (A)(C)E)

fgetir + (B)ft s (LR A o gt (R (Archaeoceti » Thfiins H ) 4 38 R R S ISR H
(Mysticeti)F1¢5firioE H (Odontoceti) « drfipits H & —BFERAEAVIERE - (D)ERFLIEHTE
B b & -
SR A SR > 1Eeimny LSRR T - BRENTTAEY - BRI
FE B 6 SRR TR0 FAEE Y — - BB S TR ETE
R - RIS LU B —REY)— T ES - RER T HIESFIRE  BK
LA BIEGETH L SRR ] DR K RIS E AR T - 55N AR
TEEMERTL - (H2diTEIE A —ERIL > FIERNEIRE RS —HFE - &
BErY = o SN AN G — AR AR EYIR S B OREE - T8 R fniAE g Dok
TETKR K R 4R S BORE  FHIMURAHRY ~ Aa il - Suefs - R R - TEARE -
DNA 3£ b BB F R THIIIRST - BURIKELE A BOIn &R % (LASE
IR FFEEERE - il b 575 EEii 5 (telescoping of the skull) » RABEZRFHIJT -
HEARERE > SR AR - BB S8 -

W [Nasal Plug]
Cranium w'—’ \

Acoustic Wmdow

Lower Jaw

FEE H



0. T &l s S RS e AT 18 B ) T ERA (% -
& H I g (mesoderm) ~ ARIE TR Sy G HE (coelom)
(coelomate);AHE /L Fy (HI BB B9 (bilateria) 148 1758 £ 2% X (B) (£ 7 B#7)(Ecdysozoa) H »
He e bb E RS HEARE i 5 5 (C) L Al T84 (Lophotrochozoa) § » MG IR Ry RS AR RE
BALIMm 2R (D)7 1% 1 Eh47)(Deuterostomozoa) - » ELRGH Ky tH2(E) RN (I BB ga fen s L

S Ry fRAGIE — (BAGHE — HAGHE

Annelids, molluscs

Nemerteans

Platyheimynthes

Lophotrochozoa

Arthropods

Nematods

Protostomozoa

Hemichordates

Urochordates

Vertebrates

Cephalochordates |

\

Bilateria

Cnidarians Q

2023 L H M B &

- (A)(D)

fiZ#T © (B)(E)pseudocoelomates have derived from coelomates which have secondarily lost the
coelomic lining, leaving a set of cavities between the digestive tube and the ectodermal

&5 RS2
SHEHEE

derivatives. (C)fEJFE L1EHY)r - BV IRGHEREA LSS nT gE R SEACHE — BUiG e — ELAGHE -

(BAASHE - REGHE ~ HiGH) -
myoepithelium could be the most primitive type of coelomic lining in bilaterians, being a
peritoneum-derived condition.
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Ecdysozoan Phylogeny

cuticle

7
7
A/
g
?

Priapulida

[

pseudocoelom

coelom

chitinous _~
exoskeleton

appendages adapted
for walking

jointed appendages

Glilase
Chaetognatha \:

Nematomorpha
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10. NHIRERL ME NEEZE (Arginine Vasopressin, AVP)HRAIL - N HI{] & [EHE 7 (A) HALGELE 2R
(renin)H EEERAG(B)E #E 2 A/ NE R EEPRE BI7K 7 B R B (C)E B B iR R BIE FH B
AR AT B (D) #E 22 1B g AL 4 (BE) MRO2 A B BT Er B0 N o AVP

2023 A= EAT B &

2HF%E % 1 (B)(C)(D)

fgeffr + (A)HERLEELE Z (renin) it ELHER (% o MENIEEER EZH N mnEE - (B)IME2

B EF e B S TR TERR I AVP -

AR 2= (Antidiuretic Hormone, ADH) » Xt f g i i BE 2% (Arginine Vasopressin,
AVP) ~ IMETHBEZRES » B —EZIEE - EARTH T2 EHEERIPRBEHAYKE -
DIMIPRIBER FEEAE MR YR B (supraoptic nucleus, SON)HITR . 25514
(paraventricular nucleus, PVN) &k » 4% FH s fihZe i 15 22 S T 2258 1% 25 (posterior
pituitary) {7 - 7EEE BV T A S T ERRERN N RE 2 MRS - H
H A 75 A S B PURI PR v B U ARG T - 2B P S S 90 - PF]
PRMZE R R/ NEREGEMEE FHY V2 288 (AVPR2) » {f Gs & BARR HIL IR
LB - EECHEARY CAMP S8 (eSS S O REE A © & H3EE Ac iE{L/KiE
EEN 2 HHNZEAETEE b JPEOKEE - B IKEY R R R /KBRS -
fEREAME =& EJF o (EmESUmEE Bt - AR RS ERRRER » 750 MME 24
A& HIEEZAE P R IS 32 7 4HRE - Via 2B (AVPR1a) > SE(L Gs B » 5 [fE—i
EREE (S (EE H (BEREH L2 EL §5 5 1) - ARG A S5 8RR S T - (R~ LS AR s
PRI S A ER « EAhDhgE 55 \SEMmR ARSI » M S B iEdE B HRR B E
gyl o 25 MR A2 AR R # (. EAE =55 A B e — 2 AR s
B ETIN R B2 AL AT A2 A BR RS 23 Y (K EED) - B2 BB R SR 2 K2
B BT B ETRIRMEN SR W EIRHE LI T =R EEATHIAIK
MERERUAN MR Z -

AC
‘@ 3%
cAMP
|® cas )’ o
PKA
S\ AQP-2 En

trends in Endocninology and Metabolism

MLEH -



11 T HUREA B T AR E B B Y Fe i m] =5 R A 2 (A& i = SR AT i/ INVE B P U (B)
EFERZ NE SRR 99%Z# UL - A 1% AR EHEH #SYMC)ZEHE (inulin)
A FHZPOHE B 47K i 242 (D) & B 45K 8 2 B (s - S S 3RR LR RS Tt
(E) ABKEDATOR A B/ NER (glomerulus) 2 ig > 1% AT 73 B IR 2 PR £E P 4K FH BRI HH

2023 A= H#E B &

S2HEZE T (A)(B)(C)E(A)(C)

FERT ¢ (B)IEE BN TE4AEKEEEA 9% UL - HA 1% RIRREEHEEI o Fyfa

AIDIAEE - TEEREEELAE 180 ATHMRIEESRL 1 £ 1.5 A7 - A5 1%HJEE

B - (D) & B 47 ER A AR 5L 1 (R > & BUiE AR RS BT - (B) AZKEHRR

ABRINER (glomerulus) i > 1% A 43 A IR & PE SR K HER/ NBHIRR -

ALELE T2 ALA HLBEHYIE S 1 felEY) - & 209 RYRILPA AT DALAGEE Y 1mg BYRLBERET - 48%F

FEBEHEIPRE T o R ALEZET B B 43R B RIE/ NVERRN S i » HEAR R

R HENEE O HM AR S E MR ~ EEHIE) > Frbl o & T E4IKIEE
(GFR) W TR » HIF&ETE/FY ~ BREIEMET - Akl 8E RS -

HEHE -



12. ML (& B EREE 07 L IR & R (% o SRR TE e S ey R R s BT AE
HVACEHE S ENY 7 (A)E B S T st 28R ke (B) 52 & (elephant
shark)ZE & it 92 N aHAVEE & (C)JEAFIH (jawless fish) & i 5T U AL AL (D) &85 (tunicates)

LN LLEh P B b e

i BT ST A H R (B) R & e e AG (limb) F A= HE T

Chordates

Vertebrates

Jawed vertebrates

Bony vertebrates

800 700 600 500 400 300 200 100 O
Millien years ago

2023 4B B &

&5 a4
SHEE

Tetrapods

>
Reptiles/
Avians

- (A)(B)(C)(D)
it (B)FUEA B ST 7RG (limb) A RYRER - BEECEY TR M A AHHI TR N TUIE ~ SRR

CG methylation
low or absent

Non-chordate
metazoans
- Mosaic distribution

- TSS methylation
Tunicates not associated with

Sea squirt gene expression

Jawless fish q'
Cartilaginous fish \* P
Elephant shark "

Bony fish*
Zebrafish

Amphibians
High CG methylation
- Pervasive distribution
- TSS methylation
linked to gene silencing

Mammals
Mouse

FpuE s - NRETERIUAE - FANEYIRRIPEY G 2L BYIEE -

(C)Karl Gegenbaur 2t |” " #8555 (gill-arch hypothesis) |, » 52 Rk & f Y HgHE fig 2
R SRR S AR ERIE L TI2K - FRAGEE S AR SE AR (8 H B AT ORI 1& 1 - Theories

abound about the evolutionary beginnings of vertebrate fins and limbs—the evolutionary
precursors of arms and legs—and are mostly based on comparative embryology. galeaspids,
members of an extinct clade of jawless fish, possessed paired fins.

a7 1]



(B) The emergence of jawed vertebrates (gnathostomes) from jawless vertebrates was
accompanied by major morphological and physiological innovations, such as hinged jaws,
paired fins and immunoglobulin-based adaptive immunity. Gnathostomes subsequently
diverged into two groups, the cartilaginous fishes and the bony vertebrates. Here we report
the whole-genome analysis of a cartilaginous fish, the elephant shark (Callorhinchus milii).
We find that the C. milii genome is the slowest evolving of all known vertebrates, including
the 'living fossil' coelacanth, and features extensive synteny conservation with tetrapod
genomes, making it a good model for comparative analyses of gnathostome genomes.

(D)

Gnathostome

Twist function
in migration of
neural crest cells

neural crest

brain

vertebrae Snail, FoxD, SoxE
function in neural
crest cell
delamination

and migration

Urochordate

Cephalochordate \

notochord,
pre-neural
crest-like cells

Snail, FoxD, SoxE
expressed at neural plate border
Low RA in pharyngeal

Hemichordate
endoderm

gill slits Pax 1/9 function in gill slit specification

AGNATHANS GNATHOSTOMES
EI._-\SMGB;ANCHS actinopterygians Iepldosaunans monaotremes
lampreys amphiblans £ T
mhosaurlans

holocephalians -
S~ THERIANS

coelacanthimorphs

MAMMALS

advent of
secondary palate

AMNIOTES
~—— advent of complex 3J

~-—— TETRAPODS
-———acquisition of internal choanae

—=—— SARCOPTERYGIANS

OSTEICHTHYANS
-—— advent of premaxillary jaw contribution

~——|CHONDRICHTHYANS |

~—— acquisition of JAWS
~——— acquisition of segmented, iterated branchial skeleton

CYCLOSTOMES —

IR EH&E - FRAR - AR - TSHAM - §FelEs - BA TR E AR
b s rgetE = o ILEPR 5 IR S © The elephant shark methylome reveals
conservation of epigenetic regulation across jawed vertebrates

MLEH -



55 13~14 s

Pe[AART A o #k d(Bemisia tabaci) il B % » & 5 [ 51 HE JA) /& ] JA FEHTRI/KE5 L (SA)
FAEFTHT L E RS - ZEFREYITTERYHAY - fdiEsR & A SE N BtRerl » EE—THRE
B FHHOK Fe 6E S RE TSR H A EHET M - FY1E25E Qi Su %5 A (2019) - 38 B ATRELEH)
S B AR o0 P 2 A HY BtFerl » AIgE g I BBy~ Az i - B /K (H202) EEAEHY
FALKIE - [#{& ROS WY - MR LA hotE KRBTy Rt - RFR SRR T o BAR R
BtFerl FYELRIFR 2 (dsBtFerl)4H ~ BRERY M4k A RIHTFR ZE4H (ASEGPT) S BRAH AY#24I2H
(Con) » #T—ZF 5 d(whitefly) K & F A RAVEE B - PR 0E R S e 1R Ay &
RN - BipaE R AP ~CE -

(FR i) Rty d o588 (survival rate) - Hrp /el Rty il e nta R E B - GE Ml &R e AL
BRI EES -

Z~CiEEwHHERE ) dx(whitefly) I 18 Y S JE - 75 S B Bgbs 0 7 RS Lol EL PRI F A
(whitefly) R FH4H -

(ZIE)EEEK(H0)HIEE &

(PN IED A’ (Callose) & & B3 2 H BEHIIHI47) (Proteinase inhibitor, P1)j& 4
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FHY BtFerl EIHEYIAGHTE S (BYIEY) 2 B aats & o] 5 [ Pias R NZRIR - 1&E LB
HIV Y E AR AL ERAE B sk (C) AR G B O AR A2 2 (ASEGPT AV B Bk T H Y B AT
I ARV IR AH (D)A#EL BtFerl ByRLAIZR 2 (dsBtFer1)4H » B IR (Con) Ay 4HED
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2023 4B B &

SHEZE  (MB)(C)

AT« B PR B e SC & ¢ Asalivary ferritin in the whitefly suppresses plant defenses and facilitates
host exploitation - (A)B. tabaci salivary protein, the ferritin BtFerl, and its role in facilitating
exploitation of host plants.

BtFer1 exhibits Fe®* binding ability and ferroxidase activity, and that secretion of BtFerl
during B. tabaci feeding suppresses H,O,-generated oxidative signals in tomato (Solanum
lycopersicum).

(B)Silencing BtFerl enhanced the induction of the jasmonic acid (JA)-mediated defense
signaling pathway in response to whitefly feeding, and led to increased callose deposition
and the production of proteinase inhibitors that prevent whiteflies from continuously
ingesting and digesting phloem sap.

(D)silencing BtFerl reduced whitefly survival on tomato but not on artificial diet. Using a
JA-deficient spr2 mutant plant further showed that suppression of JA defenses by BtFerl is
sufficient to increase B. tabaci survival.

Down-regulation of BtFerl expression resulted in higher H,O, levels in tomato plants at 4 h
and 8 h following infestation by B. tabaci previously fed a diet with dsBtFerl (for 2 d) than
in those infested by B. tabaci fed a diet with dSEGFP or without dsSRNA.
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14 FHtE AR E Ry B B AR S > T HIIRUL A IERE 7 (A)dsBtFerl 4H ] (@ KA & 8 BlE
I EEIIHIE 1 (B) Bty i (whitefly) ER BEAH PR - F#BAEEE 1 BtFerl Sl (HHHRE Iy 77 i
AE 1 (C) BligBR &k B A R SH LR R - FHER BtFerl Gl 7nrY SA [ &R (D) & o
TR B 1% - #0 B R LURN BtFerl E4H 4 H AIHIHIEEHOHY JA B ERIR (E)H DAk
I IA HIEHOZEEER spr2 AR &R B - HEHIR S SR E RS
2023 4G B &
SHEZE - (A)D)E)Z(A)(B)(D)(E)
figetfr © (C)BLRFBRAR LA NI LA LR - AR BtFerl Er{e M3 hiHY SA [IERIRKL -
(A)(B)(C)Silencing BtFerl enhanced the induction of the jasmonic acid (JA)-mediated
defense signaling pathway in response to whitefly feeding, and led to increased callose
deposition and the production of proteinase inhibitors that prevent whiteflies from
continuously ingesting and digesting phloem sap. (E)silencing BtFerl reduced whitefly
survival on tomato but not on artificial diet. Using a JA-deficient spr2 mutant plant further
showed that suppression of JA defenses by BtFerl is sufficient to increase B.
tabaci survival.
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Figure 2_ lllustration of gall a) Gall bearing on tp of Z. latifolis plants b) A

bunch of gall sold in market c) Cross section of gall 2.5 cm diameter with dark
brown coloured powdery teliospores d) A section of gall after remowval of
teliospores 2.5 cm diameter e) Teliospores under microscope 68-7 um size f)
U. escuienta sporulation in culture plate g) U. escueinfs sporangum (28 pm)
with sporangiophore (7 um diamater) under culture condition.
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23 AT TN & AT » BETY DNA 31 o e AR AR 2€ St (o] 2 TERE 2 (A)A B G MH A iR PR EE 4=
[z Ry gt Ze 8 (Transition)(B)C B G AH 7 $EHE A 2 A Y 2S840 Fy B ZE 55
(Transversion)(C)A Ef T A & ST /2E 4= (Y 2€ 67 Ay 28 82 (Transition) (D) i ff 28 55
(Transition)Z& 45 HURAR K TR BR L 2E 5% (Transversion) s A= HR (B) — (% & nTRE 58 A W fe i
288 (Transition) - {H A ] EEH —fHER2€ 8% (Transversion)

UR LN [ PaETahE=s
G guanine

adenine A

—> T thymineé

%
Cytosine C R s R TR

2023 A= H#ZE B &

SEEZ 1 (A)(B)(D)

fENT - (C)A B T FH & B F e £ 1Y 22 8870 Fy R A 22 25 (Transversion) o (E)—{E% & 1T RE 2 2E
—feiE Ze 8% (Transition) » {H A A5 —fHEEAAZESE (Transversion)

Adenine Guanine
(A) Transitions (G) Transitions: pyrimiding fo purine to
<o 5 ot
A A pyrimdine purife
T - A e G
Transversions: pyrimidine punina to
Transversions Transversions o purine pryTimbdinee

A / \4
¥
Cytosine Transitions Thymine < G —=

© (T)
NHz mutations penctuelles o
N7 N HN N
S . Y
N H purines HoN N ”
adenine Transitions guanine
! o 109% A < » G
18.0%
Transversions Transversions
26.3% 28.3%
C < Transitions T o

NH»

6.31% Ly i
| rimidines |

- 'I' fm*o o ¥ o

102%

cytosine wrvr.agquapertail.con thymine
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24,1 [ Fygk RNA HY T 4R&SHE » BRPTES RO B fE Al & IR 2 (A) @ SFEER-tRNA &K
BEHYHEEL(B) @RNA 731 3 Ui (% —(#lligts - Fpyl Ry 5°-ACC-3” » {ridisiy n] B BhE =
ai A tRNA(C) ® 5l E TOC » BAZERSHY IR (D) @ Fy ] s (variable loop) » % &
H g RwEnE(dihydrouridine) (E) © &y 57 % HE T~ (antocodon arm) &7 K % HE 7O
(antocodon) - 2B i B 13 S Y (17 R

tRNA i«®

2023 4= B B 45

SH57  (A)(C)K(C)

fiZfT * @ D-Loop ~ @accepter stem ~ ©®T-Loop ~ @variable loop ~ © anticodon loop - (B) ®@tRNA
53T 3R = EERES - Yk 5°-CCA-3 » frBn al B Bl 23k 51 tRNA - (D) O
Ry 82 (variable loop) - {HJ& D- Loop & — & /KI#IE(dihydrouridine) - (E) © Fs %
1% -5 (antocodon arm) &5 7 #% 7@ (antocodon) » 1 mRNA #E{THREAT (i
=
CCA /2 tRNA 731 31Uy CCA 4] » fEHEET - B BANGR) tRNA - D-Loop 5
SPKIETE (dihydrouridine) - fEAARERESHILBLE 3 ImFE ©

amino
% acid
A{13

C+
C+
S'ru
DHU loop i
or Lond TyC loop
amino acyl b ir 4 or
synthetase ) ribosomal
binding loop &l binding loop
(8 —12 bases) (7 bases)

the lump

anticodon loop
(7 bases)

e —t
anticodon
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25T - FF R R E B DL A A Y)E (synthetic biology) sk iR AR H IR F BT —&db
BRRTRE o (2R ERAT AT 5y Fy SRS A 2 e B R 4 MET TR 248 P TR [EI AT SRES > SERILLT
RS P SRS A 25 7 MR EE (2 (ERERY 2 (A) SRR A dn Ef e B pe E 4T dif A &
i 2GR AR (B) GRS AHAE 2 4 I 205 M - &2 B S AR e s 2 > AR
B RCR(CIIN AR RS 52 BIEL5EE - SAF A (D) G AT AR ETRE
RS - fASE B B VRS BRI — N (E)/EIGHI R A S bhR4E 54 - BIIERER
A bR A AR A R E

2023 £ FHEH B &

2EEE T (A)(B)C)(E)

fiEtt « (D) EFZR  IER A Bl N LERSSCR &m0 775 » i EEE M ESS 4N

INEF > B ASE SR B T RANE L A FUR B [E R TEER

FemesiE
Fif e Fc* NAD(P)H
HCO,- ATP
rGs
Controlling :
MCG
ATP
CP G6P
SHLSBE: NA&;)H Formate H,O,
AR
o HESEE
o
o 07 Y
_— m e
o CO,
oﬂﬁ”bﬂ
OH

[%mﬁﬁﬁ%ﬂ%ﬁﬁmﬁﬁ%]

I
::‘Ol::l_ EBY5 —|_ 02 «—m8Mmm—
R.eutropha. : EEEMAR

l " om 2

mEaEE |

o f

E
EREEY
a0 : RTE

gﬁnﬁﬂi

i
BESRE \ AT (B0 RTE) |

(PR 40 & SRR A AB)

KERECETERE ZKREH - 556 B AEYIENREE (RuBisCO) tEriilEsSs
AIRTRE - At fEEE —fE A 2R R 2NV ENRES - 0L 19 EfEYREZR (58 L[E
GHETmRR  FEBR T MR (photorespiration) {EFF8 - $t4h - HEIRTEERIAA
BHEAERR - H A RN —S/ER » AP &RmRayip /e R - Ma=
fiEfE - N\ TEERE R AMAEYRERRES - T AREMEY) > WEERZEY
UHAE A R AR I BAITR (S22 > $T 3 S R ERRSCE -

BEE -




26.1928 4 » FEEIMMEE R R RN DI EEZE - NBERILFGESFIHEEIER
AP ME R - LN AR ROV IERE 2 (A) SRR ER L EAEE RN
I (B) A i 2 v A g A A A A AR EE (C) IR AP AE £ 1R - B EMEIEEE Y
A G2 R E (D) B E A R AT ENAE  EEMENEEER B A
KBS FPUAE RS R (E) B E BRI R SIS H e A By ZUR TR R
BT Ny A=A

2023 £ FHEH B &

SEEE T (A)(D)

fiEhT - (B)EEZE A B A A NIRRT A R E AR sE ) T SIS EE AR (C)

IRFPTAZE% - BBEMENERE MY 2R E - (E)ERMEEAREEERN > &
AT S ST RS T — X (E gy DUEAL R A S s 2t
JERAHE -

22 BT O B 2 P AR R A REFH B B8 AR B S e AR v MY <2 A AE -
T ZENE AL E RS LS EERG S ES (PBPs) » RI R H KRR AL
TER > 1EMBHEE 752 B - KM HOHERET S EEEEADigEN -
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Inactivated
DD-transpeptidase
' Polysaccharide chain

Polysaccharide chain -

Peptide
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27 AV F AN E R N R S B EEIRER - DU BRI A REE - FILFEH
TRAREEIBHE =0 BRI D SN S R AT HEES - WAL AR IRk - 15
FIPU A4S R © (BRI ¢ de la Torre et al.,2022)

FRIEDL_E4ES TR ROl s ERE 2 (A) SRR H IR (g I NB) S M S R 4T
HrAEYIEL BT S HH T (C)PRag e PN 2 2B EL B o] s R(D) B AR AP 2% U BRAE S
NFTEHIHTT - AR S i AR SR 2E (B Prag i P B S Y Bl E AR RS LIS > BB
PRET R AR PREE A
2023 4B B &
SHEZ T (N B)(D)E)
figetr - (C)fRagla N EAVEYIEL B BEdL S
B 5 /8 SCE ¢ Sundaic elephants prefer habitats on the periphery of protected areas -
(A)elephants generally favoured habitats outside PAs, rather than inside.(B) They preferred
secondary forest, forest gaps and areas of regrowth and new plantations, never far from
forest. (D)(EMEEIZI P EANGER - MR LEFGMHE -

{b) Sabah, Bormneo

" ce
o
=2
o> / e /- N
S
£
£y
A
= oes T = 5 = - S
.

= —_ ——— o :: » :: \\‘\
=== Fomales
e - ey T

el O

S il
’ e o —
ox L= 7 =
- 03 ;..-&;;”"”/ ‘i ‘-‘_'-,o"/
T L2 3 3 = o c = - B o X e
Pas Otolkm 1te3km 3t05km e et 2 e st e T S B S D

FEH -



28. %y T 1S ERE EFHE A nlses BEIRIt L & 1T R > e A B KSR EAAT - (HAEREK
SRR EE = > Hh—(E/OR Ry 12°C » S5—ERTEIR AR/ IR &
18°C - Wi N BRFE AR /K RAERY 1 SH—FAVEE - FITHEFE 12°CHI 18°CHY

FELF ORI E 12°CHIERY S BB MTERRET [ - 2K 18°CHtIERY SURE]) - BBt
MR o ARG TR AER L IR (TF Rt R Ebi ) Ay rE R - SRRy EH)

VIS B S s BRAN R B RO (PR - (URR B AT S M ) (N R 32T LA e
BG) - &5IRATN ¢ (BRI + Pilakouta et al., 2022)

151 i
3

s Ed

3 Y

& 10 = 101 :

£ 8 FmELo CHBON o
c . > o 2 ’
s s 5 a R -
[a) k/‘—‘i g 3

23 ;s’;gg 12°C/KBRIR 2

12 18

12 18
Rearing temperature (°C) BRAKEA

TRIE DL R4S - IRl SRR ERE 2 (A)BREE 18°C/KRMTAEREH 12°C/ACRHY
RSN EEB)RES 18°C/KR A - BIFEERELE 12°C/KRY » ttEMEERILRE
H 12°C/K0R » W28 E 12°C/RORF YR - SFARIGR(C) S rT L & 1 g 5] i 2 28 A4
TEERIE /KRR (D) S i & M2 FYMEER /ORI S2 BRI 1B (Y72 2 (B) 2 BRIR (L ]
REFFE=A R ARt &
2023 B B &
2% %% ¢ (B)(C)(E)
fet - (A)BREE 1I8°C/ACRIVEIIRER 12°C/ACRIVE AR &M - (D) Attt EtEEE
ki <2 SE R MERR /O AR -
FEEZK | 52 E ¢ A warmer environment can reduce sociability in an ectotherm -
(A) fish whose grandparents came from a warm habitat were less social than those whose
grandparents came from a cold habitat (p <.0001). (B) There was also an effect of rearing
temperature on sociability: fish were less social when reared at a high temperature than
when reared at a low temperature (p = .046). (C)(D)found that sociability was indeed
heritable but also influenced by rearing temperature, suggesting that thermal conditions
during early life can play an important role in influencing social behaviour in adulthood.
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2911 &M RN B H - BABIARI YRR S SRR AR & e 2 8L > SERT HIR el 3
IEHE 7 (AEY)EEFTERE =R BT R D (B) AR ELEE B2 BT T 0 I (C)AE SRR
Ml - ARARREIREVHEE K2 BEE (D) SRMEIATENE & S G /S B2 g 0 (E)
BEE R EFF > AR A IV ER B s i EAR i R DU ME R B By 1

2023 A= H#E B &

SZEZ T (A)(C)E)

fERT ¢ (B R LLE GBS S B EFHE RIS g T - O FEM A2 FE

B HEBEEE(ER) o (D)AMEIAIEE S S HEE /B BT ZuEhn - miss MR
R ESRE] TR EE - EMOREREZDIMEERE BT - BEEEYE TSN
wahn o AMVEEIRE Rt E A -

BEE SIS FERYREAN - JRFE ~ BT~ S biREEER T BRI o (RS =R
SR 5 AN o YRR~ SE o~ 8 s R ERSER R LU A B R [ A
&EKR - HEEAFEVEIESEARNEY - BIEZE—ES - tgRmvEEER
EREDSIEE Y > HEER 4 PR SR YR ) o Ai AR R ¢
BEE NS SR I Y T (R REREE e RE K 5y Ky & E S R D -
e Ot 5 RS & s B CO RERIR » YA T ARG K CO.» FER Y
RuBP [&E CO, HIRE I FHHEEHERE & ERRIERCRIEEH IFER 2 ba
FHEE ST RIER A - e RETEN N - YRRy - FE—MEY) L KI5 E
B 2 P R B N Tl m e R R | - HEEWE ¢ BHE s (5L
B SR ANBER R BV G FE B > EAEEARER S E B R mEg AR N8
Ry E S O (OB S 2 BRI > BE R M G DA /K 8k ~ TR AR Er iy
MPAERFIER 2K E S IRRBRIRE T Bl CO R R R IE R NEE TSN
HER 2 RILBEAE SIS e g iz B2 F R B Y B R AR As A
LRSI AS TR S PR A = FE R IO 22005 N BR 52 MR R R el D s R R G
RS EFE - ERIETE B CERHTT - EREERN - AERERE - HER
WY AE A E B R E 2 A > DPAERES  7EROREEIA - #F BRI
TR BIR B2 B - TR 8 57Ug (leaf boundary layen)# = » DLAERF[EEHIHDR -
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30. F T EVE SUFE S FS ER TN & R B B35y A IR B HYREIRNEE » N F a5 Seny st =
SR HECROR EIHEE S AT R0 o (EER T Ae A — R R R B o Ky T IR AR E T AN
S AR REERIE P RV E B8 - i A B A OB RE—EEE T LaViEE - i
FRIEEEEUNE Y B C L R R AR - A& ERARRIME - TE AItEEEONHE Y5
{CEL R EENG PR RURAYE L8 ES - Hifh A EYIFA/CEUREERTRERE - Rl & I R0R -
AR EBEHY B RIARIN A E R @S A ARAVEE R i E 7 BRI e —E 0
BV RO o RIS Prah S » 5 R T AIRGIUe 3 ErE 2 (AEYIRIBEfCRE i ey a2
SRR TR AT (B)E SRR AT, > AT i Y e B R g Ll AR Y F(C)
[EE RO = HIH T - AN BE A& YRRV AR (DE AN O S S 1Y
B YR EERF AN 2 B SRR Z(EME AR R I, - tE G ERE g R R B
[

125 -

Median day of year

100

75 —
LT TR —Lul W

]

REREE LTI -
-10 =5 o] 5 10 16 20 -10 =5 o] ] 10 1541 20
Average temperature () Average temperature (“C)

2023 4 B &

2EEE T (A)(B)

i © IEEIAR H S EE ¢ The effect of urbanization on plant phenology depends on regional
temperature.
Plant and animal phenology is shifting in response to urbanization, with most hypotheses
focusing on the 'urban heat island' (UHI) effect as the driver.(A) increasing population
density and warmer regional temperature both advanced plant flowering and leaf-out.
However, the influence of human population density on plant flowering and leaf-out
depends on the regional temperature: high population density advanced plant phenology in
cold areas but this effect disappeared or even reversed in warm areas. UHI effects (as
measured by daily land surface temperature) alone cannot explain the overall influence of
urbanization on plant phenology, suggesting that urbanization also affects plant phenology
via other mechanisms. Shorter plants with large specific leaf areas and early flower or
leaf-out dates were most affected by urbanization and temperature changes.
(A)LUEMIN S @ JRER BT FEREE A TERAVE & ~ BT CHIVIRRT F IR S - BRI &
HIRHFE 3R - ORISR LT - BEEFEENEIRET 5 5] 7 XEFHZF - (C)
FEIERORESSHM )T - AOEREASEE - SEYFECHRRISART.  FTHEZ
ol 2 o (DVE A& Egs iy, - tEY) e S 2 B RURZ 2 - (EVE SRRy
I - FEYIBATCIFE & A — 8 R R R -

B -



SLIGEBMTRT ~ HEREA LR Nt g PRI AEA - SR H EVER - &
FRIEITEEER - RS EE2% » SEE o] IR A= RetE R AT ik ? (AR E
(rescue effect)(B)#/77H [ f& 28 {4 (species-area relationship)(C)i#i < & fr /5 #H (competitive
exclusion priciple)(D)4: #&f%117 & fif(niche complementarity) (E) 4= #EFE 75 & (ecologicall
release)
2023 A= FEAFE B &
2HEE  (B)(C)(D)
FEtT © 4EFFYIE S B SRS B S O TR EE (competitive exclusive principle) ~ 22 5E
I (spatial heterogeneity theory) ~ 4 7 &= RIS (productivity limitation theory) ~ &
fE 3 5 (favorableness theory) ~ & {72 € £ B Ef (climatic stability theory) » DLKz &8
{EsSi(intermediate disturbance hypothesis) < o H Fily i 1 1 <2 F 2 iR ) e — i R %
ARG A R =% (—) B HUER 5 (passive sampling hypothesis) () SE M
(habitat heterogeneity hypothesis); (=) & 4= 4717 3R E2 =6 (island biogeography theory) -
B (et Ry B S0 B P s I R AOR - AEP)(ERS RV E kg oS » [
I T YR R R AU R s e iy © s S B MR (R 20 R T R R Y W SRR T e
/NFTESEAEE N - BTl S B fE s ke 4 RERE {7 (ecological niche) Y221 # 5 - HHfY
s Yt At E A — ERR S E — M - R E AR R IEIE S - FTaEsE Y
T S s
R B2 Astrid Kodric-Brown £2HIHTER S - & HITRARGEFENRENIAEREEE T - 18
TR B AL s T RS T BRAE R AR E - IE R/ NI LR E Y5 0
1D/ RS R Bei) 7 S 1RSI e I - ey il G R e = R S 7y = N 2 e i a I
S EHTPEIR - (R FAEAS R EALERT -
A RERERUE TR E — YRR LR A IR A 22 R i AR 2 A Y R B T A B A
Y& o G0 ErEYeE Y iE S [ A S — (6 S8 —(EHr oy L BERE A 2 H R AR
BT - SLE R4S - BEEENEAR  FrRm A aTse G se AR SR
BRI RE RN EUR R EYIE - (e (O E N TR B S RS - E R
7 R B R B S R E A R A TR RET - ARE g R AR
JRLH S — {8 5 o] o

JALIEH -



32 [ff R ~ £ ~ W=TRAEYIRIE SRR - MHIRGIUT & I 2 (A) BV RTREF R AR
(B) VN E RN R A E G EE Bl = (C) V) L R A - e F i SE (RS B A |
(D) EY) L R A TR A S0 R A A R — A (B) =N M (E RGP RE
AT REEEZ &K

1000 &
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&
@& 10
.
L AN
L4
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ERME S (%)
(LIS SRS 10000)
2023 4= B B &

SHEZE  (B)(D)
fERT - (AVEF TG AE HREIREFEE RO - (C)(D)EY) L REHEHE I A R
A E# R - (VNS EMEEERRRTREE AN T (B EEZ RS -

FUEH -
S8.IffEIF R ~ 4~ W=TAEYIMEERIAR - FYIRGIL A EHE 2 (A) YR HI4)
AR R R = (B) A W) OAE S e P BRI B VB T R B AR (C) £V I R
‘FHE oL RS (D) £V EEEE AR E AR T REBEEZ R = (B) £
FRAE BRI T P P SR G B e % B = [2018 AR BT > B 2R (A)]
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33. 5 & e — T R AR B AT S [REAY AR s - T BB SR E e s HA T
R e R g R EEHER A IRR | S EAE R PR A o 2 E RS R
FHE RS 2 IS R FREE AR E » EE g E MK ARAVIIRE « Pl B
HHSEEYE RO R EARE  (FEENTREERIE AL TERENTERE > 80
HREHErIME o SRR AR R AR OV T A 8 o 2 H B S TEENYIE
BN KA T HIEAN TR - BT ARFEZZESN - IVEFEEEE - JENER - B
TS - WRHEAEEE S LATE AN RS A A B EIYER S - i T
SO E IERE 2 (A)IEMEMILIEE S B R 7 28 (B) ISR TR RIEE RN
PRI & 2 4 Tk 2 E (C)ARAE BT Y M B AR I A\ ST i i & i (D) R L S & B BB
[ YN - fRTREIE R - AR e R ATREENY S H(E)Z L F A s B L AE SRR
—EEEAHEN

2023 £ FHEH B &

SEEZE T (A)(B)(C)(D)E)

FENT © B S ST PRI AR BEAIR A T RE R R RSl - B S BB g E Z 5

eI i ERt b E > DENS &R ETMESNRE - 5 N\ E:
M2 B S &0V NEFI K BEAEEHHFRITRAY > 2 A e R EERARNES] -
BV S &IV BIEEE ZEESIRENS | > MESEREENRAR &S - BiS
M4BT ER & S A TIRE BRI T > MR E RS -

A c-i:lor B feii:;odgr C cat odor D Toxo & 1t:at odor

olfactory & &

bulb
| éwj/A\\hw%
amygdala 53 == * 28 =
B [ 5
] Vs,
hypo- “vﬁ*
thalamus g I 13 + 51%-
behavior approach avoid approach avoid
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34.HARGR T BEIGES =hRISNE - B HA LR —RAVER) - S BN G LhTE
A HE RO - HCRIRE R B TEIRRYER LS (ET AT B EUERG S T HE RAYIRIETT
Ry e s N AR TERE 2 (A) S HE T AE & £2 FISNE DU B Bl ik 1 HISIS Y 22 (B)
Hge g2 A HIRER S H(C)=2 NIRDERR 2 AR aigaRng  THEFANZR
A SHA(D) B e L A R SR 2 BRI B 1Y S 1 (E)1E 58— A Fria sl Fag il
SRR EE
2023 4 B &
2% EZ © (A)B)(C)(D)
fiefr ©
To avoid masking by noise, species may alter their vocalizations through shifts in frequency,
amplitude, song rate, and duration of song. Several songbird species sing earlier around
dawn and later around dusk, or even become nocturnal singers under the influence of
artificial night light. Birds in cities start singing earlier in the morning than in rural areas;
commonly this shift is attributed to light pollution. some tropical birds may be less sensitive
to variations in day length and thus less sensitive to light pollution.
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2 AE A & 241% 11 R B —4H B % ) (Saccharomyces cerevisiae) 4Rty DNA & & » 2
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