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10.

11.

12.

B3t Rt 2 F (prokaryotes) g @l > T A Aif e T A 7

@ Rr A $oed o % (meiosis)?) & fe 3 (gametes)

® R4 $ L M & ficpe 3 (haploid gametes)

© Rmyrd 4 %% 3 124 &ixdp(sexual life cycles) » F15 v P ehd &8 + &
O R{:2 5 % fioa & R F1E_R % (mutation)

CFew Fens B 7 adR(ahelix) fr B 445 (P sheet) B4 o S AR B d T AVR- RS A0

@ i 4 ® ~#x4 OF" =% O it & 4t
. T 9% fe ke (eukaryotes) e DNA 4 @l frig 4 > T 7 4cit o jﬁ h T
@ = &g R R ® = F % 7 DNA ~ 3 5 0
© A4F il tetme Prig (7 > bk time i OAF W7 5@ Wi i3 & > o7 FNERE( i &
. pEf& 1T (glycolysis) ¥ #TA& 4 chATP » 4 & B5d T 5|mfa % 9
@ i & ;% % (chemiosmosis) ® 7 + i@ g (electron transport)
© sk mips 1 (photophosphorylation) O % Frs & pRpL 1 (substrate-level phosphorylation)
L g (e (autophagy) = ¥ § Fa R LA BT Mop o s poE (R g L AIH i N A v (autophagosome) & € - Fe
o RAEd BT IR B E o AnME e BA RN AAH ] AT B £ 7
@ peroxisome mitochondria © lysosome © endoplasmic reticulum

w Pz )k si(endomembrane system)E_E ¥ 4 e ch- JE AR S RT 25 MOk Suehdy i R iﬁfg;ﬁ'—‘?
@ PR BT Ok B2 — o f Fmre g B end
R d2 5 4 (rough endoplasmic reticulum) £ fm#z p v B £ = et
© T i 1 F 4 (smooth endoplasmic reticulum)&_%m % |\ 47 4 3 % 35 iy
D i% i& (vacuoles) E_d p H 4 2 % L < 4 (Golgi apparatus) ¥ # im®z p ~ 4| ¢ (vesicles)tgiz » H ¥ feigir e
(contractile vacuoles) & 3 ‘a4F fm¥z p 33 Jk R % i

SR E o ’-’?“iﬁjﬁ*iﬁ* Foit > TR B Y

@ % gt & 3 7 FEAc(diffusion) p d 5 1% mve e

® 4h-47 8+ %I,p‘ (sodium-potassium pump) £_- & &_i& 3% 47 (facilitated diffusion)

© #z 4 i£* (pinocytosis) & ‘m*e © ) % & (pseudopodia) ] ¥& A i3 fi# B s 2 S o Bdr HHE ~ dmre - fE 2 5
D wmre# % d 7k < 1 (receptor) -4+ T d-0 &~ 0 X W1 3V 2 f¢ B 1 (receptor-mediated endocytosis)

. B3 i B %8 15 (chemiosmosis) shacit » T A e T A 7

@ # % & ATP synthase ;j%;? & & ATP

WAt it § 3 Byisay 4

© ¥ SELA A miB ATP & 3§ i 3o » ADPRRRA T 2 & ATP ifis )
O sz fe% ¢ F 3 chkihEd 3k oh 2

¥ L= ATP & 3 dopifik A (phosphate groups) it 4% 3 v B ¢ s A5 ¢

@ ATPase phosphorylase © phosphatase ©) protein kinase

4od - B DNA &2 7 B ~ 2 -+ (10%) % H;Tuf“q}v?\(thymine) PR RSN F 3 50| At in g K Red (Quanine) ?
@ 40% ® 90% © 20% @?gmz Kooy

£ e mp sk DNA j‘:é:—f# A BRI FIL G ST RARG ?

@ =51+ DNA ) ekt - R © ;=53 s AR © 4 &4 i+ DNA

B tm e oA > T e K AR 7

@ # =& 3 & 5 R F (phospholipids bilayer)

mrE s b B »}; a4 A H 2 F% ﬁFfr

© # 4 imve sgevE F A% (cholesterol) 7 € 7 i 25%

D 4 %7 m¥e 2. mPe 7 G hA A7 oy 95 fé (unsaturated fatty acids) - @ H dmie WA OB TRBL T A dE R E |
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13. T 3@ —“Ff & 4 F ed #3234 (Mendelian inheritance) ?
@ {47538 & (sex-linked inheritance)
® _t =i @ (epistasis)
© % 4 %ip = & & ~ & fie(chromosome segregation » independent assortment)
© ¢ F #48 @ (plastid inheritance)
14. i 7 4 ¢ 423 » 37 (karyotype) pF » i@ # E_gL %3 St 4 4 (mitosis)?h— B pFEp chd & 48 2
@ ¥ (prophase) # ) (metaphase) © 14 ¥ (anaphase) O F¥ #p (interphase)
15. fie + (gametes) f i oA A 8 - B £ 4 4 R4 ¢ 4 (homologous chromosome) # A & eai. % » B fie 5 ¢4 ¢ M 7 i
.,| IE-‘T 7'] 17 '%f ?
@ n n+1 ©n-1 O 12} gze

16.2015 # & = & Ry -+t p4 (Zikavirus)in 7 0+ @ 22 OB W mA B AopA P R B geT
71| fm fﬁ:fﬁa—% w9
@ B 4]+ 5 4 (hepatitis B virus) ® % % J5+ (dengue virus)
© + 2 d % i 4 g 4 (human immunodeficiency virus) O iR s (influenza virus)

17. B > =4 (telomere) shgcit » T 7 e ¥ 45 3% 2
@ml_w;;m,,égf;,. it 5 B
® kg s - ehmie S B a BE

© % %4 %ﬁﬁ”f,%%}fi—'@ﬂﬂr - 2R mie A L A A
O iz i £d TTTAGGG , #dk & €47 £ 7|8+ S ehg g

18. A s A Fle? 15 1.5%E %45 % (coding regions) » @ 5 75%:hk Flle ¢ £ = d) RNA e 7 30 30 B > fL 5 25048

RNA (noncoding RNA, ncRNA) > 5 # ncRNA # A 452 A Fleh& 3R o 5 B nCRNA iz it » T 7] i@ ﬁ@g;f—?

@ #z-] RNA(microRNA, miRNA) 2 £ & 5 22 B+ %}‘fﬁﬁﬂﬁ i RNA» # %’ﬁd HE7? 73 8B ﬁ”ﬁif P # RNA %
& > ¥ P RNA i i3

|+ #& RNA (small interfering RNA) f e fi 4~ fm%e ¢ 3 3 22 miRNA 5 & & %49 Ip 2. H % RNA - %gr} 2 p & RNA
& 0 e P RNA AR A 2

© piwi-interacting RNAs (piRNAS) i &3t #s 4= 'm®e - ¥ 3 % 8 4 ¢ 7 (heterochromatin) =7 & » & ¥ $rd| 5 o F 4 B g
B & (transposons) e Ji.

O ncRNA g it + > pana i . siRNA £ 1138 > 2% £ miRNA » @ piRNA &8t 11 31

19. A 45 fmre p A F1 & Bpkw > @ ;gr; iz o MRNA » £ 5 eni®* & 23 4 DNA(complementary DNA,
CDNA) » S fé i 2 581 B 515 (primer) 2 478 A FIhL RARR » @ Nz P B E R PE R 7
@ F #457F (reverse transcriptase) ; /& 3% (in situ hybridization)
H & pr4asy & & (polymerase chain reaction) ; ¥4 48 % / (gel electrophoresis)
© F #&p% (reverse transcriptase) ; B & f¥sasy & i (polymerase chain reaction)
O % & pr4add & Ji(polymerase chain reaction) ; & 3 2 (in situ hybridization)
20. TP ¥ AR T T2 mMRNA ALE 2 9
@ 5'=4 'fr’ 3'=4 4% 13 4% (modifications) i1 & 45 f# (topoisomerase)
© ¥ 4248 (spliceosomes) © i 7 TATA £ (TATAbox)fcts =+ A 7|

2L b B A Eﬁ‘f’.% 2 #2012 17 4 - P @ 3 (Shinya Yamanaka) 32 2 I8 fm e ¥ 12 ;‘gd 4 BATF A L TR
(stem cells) » # % 3% ¥ 124 &t #% ‘o ¥ (induced pluripotent stem cells, iPSC) o -/ ™ 7] ie % 2 3t 4 B A 5] 7

A
@ KIf4 Nanog © Oct4 O Sox2
22. i {7 & F F148 4 (transgenic plants)pF > 1 * | v f& o A% DNA §& ~ {24~ 25 F]148 (genome) s 4 k32 {5 AL F1iE 72 7
@ Agrobacterium radiobacter ® Agrobacterium tumefaciens
© Pseudomonas aeruginosa O Escherichia coli

Aol (GEm) H6H 53 H
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23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

BN & Ry T o4kt e jﬁﬁzi‘?
@ FCk i E 4o Fod R AR AR T ftm e st (8% (cellular respiration)
® gz (v (glycolysis) £ % A% (fermentation) 3 ‘m ¥z v¥ ex (£ % ik o # %
© 5 ik fe(pyruvate) %27 7 4 ¥ 2 fmoz ed a (£ #
© ipp 5 % (alcohol fermentation)f-* i % fi% (lactic acid fermentation) 2 # &1 ATP # & 7 - #&

a‘iﬁ‘—ﬁ%r}%(precision medicine) e P & 1% & F WA RIA TR E S SR B o0 N ER NG R s 4 %

o BB el 8RS ECE R R o R T R R Bt A F A S ek 7

@ F% % & % 4B 3 iR (enzyme-linked immunosorbent assay, ELISA)

® DNA it 71| (microarray)

© =+ * 7_& (next generation sequencing)

O ¥ sk & =322 (fluorescence in situ hybridization; FISH)

2 P og(biofilm) 3 37 & ket A AR > R T G B A P gt e 45 2R 7

@ 2 F 35 et 41 £ & < (conjugation pili) T 4p il £ & — A2 #rAs

® & HeA $258 4 HogpE > e A &

© 2y d g @5t 27 5 75187

WERE S SRR R I ARE LA S TR 2

7 B 94 (sarcomere)shgeit o T A e f It A 7

OF SRR s S SR sL i Fies fedeSkaids oo 32 (7 ATP vk iz

© % »eg rrpp% geresigr e iinE B F LG g O el g Foo B PR(myosin head) £ ¢ ATP & & =
\

Fads i e TS B T A P e i Ak R P L 2 BE?

@ g1z 02 (bipolar cells) -k T % %2 (horizontal cells)

© # & & ¥z (ganglion cells) D 15 s} o #e fofd ik %z (rods and cones)
B OOEIIEG o B, TR R B-EAET D

@ * %+ % (Broca's area) * R 5 % (Wernicke's area)

© & &+ (Accumbens) O % i= +:(Amygdala)

FOMOT AR B AR TR T Skt e A ?

@ F % ? ap FiFV R R § i e ® A *3 A s e Fg o A Rl i TR

© § AMCASEFLIEY 2 0 THE A VA mFehd 3 OF-§ 31 mﬁé}ﬁ;%ﬁg B LY RN A
CHOLRE TR A Rk RAR S LERRET R TARE A R pk A A k7

@ A & % 4 (epidermis) A ivsg 2 A K (epithelial lining)

© 333 (thymus) © © ;i »(thyroid gland)

poaAd gk ki(autonomic nervous system):d i A BB It s s g BN AR kB T A L% g (sympathetic) ~ &) 2 R
(parasympathetic) £ #5 42 5 (enteric) i st o 5 B p A AY X5k Sz feib T A e koA D

@ i i Ak S T

® &l 2 B A gk A T gt %(acetylchollne)rr LA el %;47» iy

O© @l 2 A g ¥ d @ a4 57 g(midway)ips # Bt ¥ ¥ A4 b 282,23 %8

D A5 h 5 € B~ G3F S [ A R agEiER T 2 AR T @’%E‘Lyﬁ Lk s

BLEERY Flf il A2 4 A MRPEZrk > PEIE ST En PERE 7 HH R - BRI ZS
EEALIRE A AFEE A EA P aHER L Y LA e‘ ’%‘Hz Kfid-t A epR 3 R MY ol F R R
(sexual hormone) » #r4| 2 A B F e RE P AR - G T wfFEF 2 R EF 7 fop R 7?2

@ testosterone inhibin

© follicle-stimulating hormone, FSH ) gonadotropin-releasing hormone, GnRH

Al (GEm) H6H 54 H
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33.

34.

35.

36.

37. %

38.

39.

40.

41.

42.

43.

44, '

TR LR AR B TR kT

@ # A # 4  (Platyhelminthes) s 2 (flatworm) % % # 4 ® (Chordata) ;% & (sea squirt)
© & 1 #s 4~ i (Arthropoda) 725 i (insect) O #% & # 4 F* (Annelida) s 43l (earthworm)
B 3o el ez 9 ;F‘ FiFE > THHER .ﬁ@égy_f)

® A F RIS A AL R R +M %g
72> g i¢ ¥
© A fFmimh n> e Bk e ki o 7 rzggﬂvjﬁd" msf: £ 2
© b 4F fews f fredk f P BHRIT LG o F e bt

® s pH @Ehodkd & F & 7.4 7% 5|

=

B A BT T R 2 40
@ % & (nucleic acids) s v 5] % F’“ 4
© 3-v  (proteins)erij it j€ 5 B 4

st o Tl

® #5 3(fats) e 1 J€5 B 4o
O [ % (carbohydrates) s 1 j& v i@ B 4

T 7w ’kz g#”’% ity 9

® g,lj'i}g\;#d g N e SREL s VR L
© * R3% A 3 g% (secretin) O "= 4% <454 (CCK)

i Fﬁg?bﬂyﬁémxtﬂi Hixd #fd st > TR FHEE?

@ % % i ¢ > #iF adrenergic o receptor 514\11 AR
+

% i G-protein couple receptor (GPCR) 3 4r = & i3t HEE KR

© #sF5EY > % i adrenergic f receptor 3 4c 3¥p% & =

O t ¥ #£5~¢ - i i adrenergic B receptor 3l4cs F 4%k

REANGE: Bl U SER LR LR Ay

@ thyroxine oxytocin © estrogen O vitamin D
T OB AP kA e E G2 kit 0 T AR K R ?

@ - M\*%ﬁ“",uﬁv ﬁ%* ERC LR N R

ORELE I *§ N2l NI S F IEEE t S e

© #FHcie» 24 miﬂ SN LN RS %”Hﬂjj_igi%li‘é

O 4

ML gk chgcit TR L R 2

PATSneR SR A B g S RPE kA g ACE

B2 4938 b 45 B

@2 EF7iRAERT 4L ® L 27V L RBET KA
O#k# ¢AFHLPMP YK D2 3 A REERT O HFEH e §0R FiFne PRI > AR FI WP

o4 ]3*7]’}"1 (mycorrhizae) = T 7] i@ a‘x B4 Fo s
@ % F s #(nitrogen-fixing bacterla)
© % #(fungi)

/.5

% i @ g (ammonifying bacteria)
O # & (nematodes)

Bk - Anit B 5 pUR O 4 0 b SEen TS 1R (proton gradients) - T S i -7 X L8 0
@ g iEn ® i A 3 EL © » freviE iy O B
Yo%k i b FfEimiz(Quard cells) 2 H % Bl & & mre @ 42 2 dogg s > T 3 xaiﬂz PF A7
@ % g iEw ks ﬁ%‘wwmvmk OpAm@psarsn O FEARET"
2B o T F @ ph(methicillingiz ] ik ® £F ¢ § 5 2R F(S. aureus)g 218 > FREHAR AT 5 ¢

methicillin 7 #f =< {42

@ s A A B AT R A FAE

@s‘m];-]o T;l]l"—‘}‘gbﬁx [ 3

® - $aBwEhiopie N det pARE R

© tism P& > S aureus B 4B (F37 5 FHEF 2 2 BB

O % 3 $3% S. aureus =1 DNA i %

;J—%?

T

B AR f;']'

BN

(EEfm) #

6H:%5H



\

F

-

105 5 & i 2 F AT £ 5 1 2 3
LR

45. 8 7 ¥ {1 & F préa(molecular clock) k77 7 B i A Flle chsg B 2 it o R T SR 84 eIl foo B g PR
'_'_]EJ\' v lpﬁpm/w\"l‘ﬂj:*'%@_{?

@ % % 1 * (mutation) 4% 1% * (transcription)
© & #451F* (reverse transcription) O #_% % # ¥ * (directional natural selection)

46. F I B ¥ 4 {7 4~ fr(decomposition)# it e E F(fungi) & KR A G o T AR- A Feog FILSRE LA 0 A T
Bt g R ?
@ & 4 (plants) 4+ (animals) © & 4 2 $ (protists) O & 2 2 # (prokaryotes)
41*4%ﬁﬂ6’¢%%éﬁrwﬁzéﬁﬁ?

O BT 3100 5 LE S P ® % 5 % & F)/Z % (genetic drift) <% 48
ORBIHELEM > FRFAFIRARREG OB E R O BB FH i 2 e B seRFARQEEH L AL ht )

48. Mt AR 3 B M TRehaat > T iR F 43R 7
@ 3 14 2 (mutualism) E_$ 522 chfE = Fo B 30F dodi il
® 5 1% 2 (commensalism) £ 3 - = § 4 A 5 - 2 F FAuNH %
© 4 & (predation) £ - fE24 410 ¥ - f52 F 5 & $ enff 1%
© # 2 (parasitism)dp e 8 — o2 8T - B2 Fend FHEPE 0 27 B R ER OB T

49. tei? % *fF (extinction vortex) ¥ > T AR ek iy B F oo F R B EF R D S R0

@ FEHF T IR BREF A IR ARE L B2 RER N EREREEOR LY

© # &3 p 53 0= pofesed ¥ il O A %330~ b - $ A 3T BAY
50. § M2t 5 fritangeit » THFE T AR

@235 REAROLE L BRTEAR

B4 PR ar %o RS HATHE 4

OF B HEMIZHEGH 27 2 § iR

D-BELE? E-FENEEGRSAE HPE SR g2 $4

Al (GEm) H6H 56 H



1058 %R+ FEREMERTHEL Y

FLLFTHTH
1,12 3|4 56 |7 8|9 |10
b A B|/D C| A D C D A
1 |12 1 13 |14 |15 |16 | 17 | 18 | 19 | 20
c B|C B|A B B | B | C|A
21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
B B/ D A A C D  D|C|A
31 132 3334|3536 3738|3940
B D C| C B|/A C|B|A B
41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50
c/, | DB | D D|A|B|D|A




