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Not-So-Low-Hanging Fruit: Journey from Identifying HCV to Proving It Pathogen
of Hepatitis C

Abstract

The Nobel Prize in Physiology or Medicine 2020 was awarded jointly to Harvey J. Alter, Michael Houghton,
and Charles M. Rice for their contributions in the discovery of hepatitis C virus (HCV). However, eight
years lapsed between Houghton hunting down the virus in 1989 and Rice proving HCV alone could cause
hepatitis in 1997. How did this seemingly low-hanging fruit turn out to take so long? We reviewed
literature to piece together studies during those years, and determined contributions by different groups
(Rice's group included). Through a close look into its performance at two milestones (determining the 3"
terminal sequence of HCV genome RNA and constructing an infectious molecular clone), we analyzed,
from dimensions of technology stack, path dependence, and goal setting, why Rice's group leapfrogged
its competitive peers.
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2020 493 MR AR FREFRZT T ALLRTRE (HCV) @tk R Trak aob 4 - 7T R 4%

(Harvey J. Alter) . 34 % /% - £ %1 (Michael Houghton) #eZ& A7 - #iA7r (Charles M. Rice) . A, A 1989 %

E WA K HCV 2] 1997 S HATHER HCV A8 51 LT K, W@ T 8 SFufia . XA M —F X & 69 3 B AT AL 0T do 3l
ZAR? XFBEEER LK, X — B8BTS AT TR, A T S48 H A N 89 R R H T
et HCV A8 XA R PTAE 69 BAR T #Ko I B, AFbAF 0 A2 0 69 7 AN K42 57 &—JR 4 RNA K 283" Kig 49
B 7 Fo B e o F LR S, XFRBEAME & AR A B AR AL A AT T BT A A AT e A

G FR S BT

KR AAFRAE, cDNA LR, #A#RN, #FHE, #NRK,
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2020 F M DUR AR B R T TR
WA EE (HCV ) J7 AR Hh 58 1 5Tk iy e 4 - fi
JRFF (Harvey J. Alter) . H5E/K - Z1lil ( Michael
Houghton ) FI# /K7 - #i4li ( Charles M. Rice ) . #kfi
JRREIE L SR HEBR O AR JEUA T 1975 AR AR
JE AT (NANB) BB, 5 F 1978 4
HoHE NANB U R AL Ye 25 BRI 2 )5, B 7E XA
S LA TR ARG BT, SR AR T3 b 1 Jy

B
KRB BRAAHFEALETRME (20&ZD075)
5B ASIE) B AR 202142 208 ; FA S B A 202143 A8H
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B ARAHF X

B, T 1989 ARSI TR 20 SRR (4 B AR AR R

(cDNA) 43 Frike, IRt a4 HOVE, HEL
ol D R LT FH P d M SRR B 1T, iR oy
Y HCV REAS IR AERRANMA, AT SE B AP B, UE
B HCV 5IFR S Z MAFERIIR G R . SR —F& B
IETERRR B R, HIEF] 1997 4F A4S B A Se
PR X — B A OGS EA T RO, & E AR
— B ZIEMLAFES T 8 4E6H
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1 BEAROHCV D F 2 fE

TEEWZ A/, — A5 R Y NANB i 54K 1)
U8 2o R P R G 5 A ALV 790 0 52 A 0 22 05 AR 2
i 0 £ 25 19 RNA g #17%, FLAS KT R SR 306 % o
Jr s EE P, BEAY B cDNA SERE AT AE H
(9 RNA BRI 2 2% B BT G B 1) 22 IR LA Bt vk
B R MU T M BTIR LS & o B HE A X cDNA 5
MERY WA i, ZBLHCV S 4 ML IE4E RNA,
KEEZ) 10 000 nt™, XELREHE R HCV 5 B 5
2Pt (Togaviridae ) S W R L ool 57t 1) 35 95
FFF (Flaviviridae ) XRE Y. 32 ALK H Ul
% NANB i R (0 R St 415y, B BRE =
Lo

SR, 2 cDNA SLREIFA B A e B T hE,
TRAER N SEIE ], AR IE F . T
i, ERRAR A B PR BAAE S5 25 14 SC B R B THT
P3|, HEFUETFAD, Flan, A CEIAHHCV %
YLV 53F S I iR 25 RE OGRS B 1 BELAS

SRR Mk 43 T 14 B T R R Y AN 8 R T
o —J5 I, FEWA BN S 1 cDNA “FafE 5-1-
17 S2br HEA HOV B AR — 5, b1 2%
ferllh “vepE 817 AF HAl #E S k% (overlapping clone )
KAHEM 2R ¥ 5, 53— 51, Y cDNA SCPE, Bk
s 2 LA RNA R 3 e S 2B JR B BE ¢cDNA, TTiX —
WO S B VT RNA Y 37 1) 5" 3 7 b A7 A0 . /i
T HAR RNA BT FI AT, i Ge R HBEALS | PHs
H cDNA SCHPR, XA il AEERIL 37 2K i i) 4 )5
g,

FECPR IR M B 11 ) R A A B A, (R
A - A 2l 25 F lb——Tri 4 HCV X 3 AR <&
T, TR B A L —) HOV 4rF ri ke, T
P A IR i A7 K 22 i T 1T B SR o O sl B 08 S0 &
TG R KM, AT SO PR HT 1 AR I

73100t i HCV i) RNAJFHI (2 534~ HCV S 4
(1 70% ) FIIE T O L A1 e F] TR & = i 75—
BEESCH, AT cDNA KW pbi s A T,

Xk HSEE . H AR KR NANB BUF R B35 1175
AT T A XIS HOV 2 TR K
BT, BHE/R T 3~ E %K NANB EH P
I HCV ORI MR 27 5 i i — 0 A HOV 4t
PRI B . X ST R W, S & i A% A
(1 NANB U JIT 2R3 X 3159 NANB HIJiF ¢ ©1)
#5 HOV BB DIAOC . A2 h HOV 2 358
NANB BT 52 1) F 2805 SR

FEEW] A P BA Y B A A e 2 B

20 el 80 4FAR, HAREMICHAZEZSR, i
B ARBLI AL, WA T e 2T AR, ok
B H PR i 1244 NANB BUFR S5 H iy, HASEE 2 AHE
JFRWEFETT AR, A8 T R AR, [
I, AT AR T 356 R e I E S R . 1988 4F
JBG, A5 2R T A AT A B oA DL T 0 L O A Ok, AR
1R B T B 15— 2 2 4 i R )t o )
BHP, 199047, HAE SESAEMFFE 0 (NCCRI)
A A AT (4 RNA JE S H S BT RS 19

I - R A Wl )N (RT-PCR ), SEELT XL
P HCV LI ZH 9 cDNA 4> T3l at, HA
5EERBETE ST IR, GG X HC VIR ZH 1)

2 HCV ERAM R HIRZR

2.1 HCV EREE AL

HCV &AL 7 AR —FF Gt — % 43 25
PRy df . bk, g A BATE 1989 AR S0k £
i, A5k A S g T AN 7E 1989 4R[S
SCH, AT SRR SRR M SE AL B o8
G, AR SR 56 S A RS BE ((NIH)
FEEF YA AL (NCBI) ) GenBank %
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JEARE B TR 1991 4F 1 A 2 HASESC, iy
T HCV 3475127,

FEIX—J5 T8, HAS AR 0 B 4 S 2 =2 4
H1 7 NCCRI () cDNA FEfEJLFifi i 1 HCV [y %> ik
PRIAL, HRATBATE 1990 45 (36 3P B & 445 1 AH b
¥ 5, EEAE TR A BAFT T o 1R R R A 5
A F A BRI R 56 1 cDNA SifE, i B A
P BAL R T S o DR L T 5 1 BE R 21 P 91
J5H WWEIE SR 1991 4R A WLA), AH SE PR A I 8] Ho
NCCRIPHARL 11 K, 54 Z BB n] WL —3E

ARG R SERF S, BRI 1991 4R 4R 4%
i, XFHCV B 45/ 17 TR . Lk
H, HCV &4 — 4K 25 9 400 nt A BB IE4E RNA
I RNA Y48 K 50 5 51 02 — 4> 3% 22 19 A] 52 AE
(ORF) . 7EI ORF Z 4, #iEE RNATES' % J7 [ A
324—341 nt, 7% 3—41/NORF, JFHIEERS; 1k
3" gy J5 1) ) — B gt e o, K8 AT 27—55 nt.
PRtz oh, A A T — 550 T3 Ry 2 R
AR Bt poly(A)™™
2.2 HCVHRSFE N

SR, EAT AN A HE RS T HCV 5
PR BRI B BRI R R RS, BiE, EW
ATBAEY | R BR KA 22 [ NTH T [ 5l fomn % g
FFFEIT (NIAID ) P20 0 FF ot , i ad bt 3
WP ERRITY), LA HCV 50k
BHOEIREEIR (Flavivirus) TR EEE ( Pestivirus)
BN, 19914F, EPRRTEKZE G2 (ICTV) ¥
Hp g A ER AL TR A 3 MR
2.3 HCVERARNZRME

H AR 2735 (1 A — 5 105 8 11 AT A A 1) 205 R AR
HEIUE, 53— 5 AR s R [F R IR A HCV R R 20 A7
EBA 1 5 T

I L R BIRORR ST Y 2 NCCRI 52
1989 4F, A1 TAR 418 22 101 1A B2 A 14955 25 4% R T 91 152
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T 251, 22358 d RT-PCR H AR H A4 1fi.
TR Y, 2R R A WD EULA R
DAV AR 5 | RS S BRI 1 o X BEIATT A=
FAB X B 5195 B A B K b e s BT AT
FESS, AT e H A HCV (HCV-T) SEH4g1S
B BAT B HCV (HCV-US ) fAfE2 5, B4R,
NCCRI X} [ AR B B HOV-T AT T 508 . ad it
FEIC R EE 275 nt I9AEZSHG R S (NS5) HifhIX,
A% AL HCV-J 55 HCV-US 77175 14%—17% (47
225, AFEHCV-] ZHWAFAE 2.5%—11% KT 51
2R X R HOV AEAE AR B FE R

1991 4%, HAAIRER Ao E il 1 X7 HCV-
US Hl HCV-J 15 3 Bl HCV RERREs WAE, ATy
A7 RS A B AR AR S O P 41 7E NS2 AT
WHIEEM 1 (E1) gGafb X270 T 4 FhE e Al
gy ) B SR, 3 L 43 28 0k [ 47 B 9 5
= NIAID B KRB B WF S 4 B . i 0 5 A2 )
1) 44 B HCV FEtkh R T —28 5" sidE i X 5 I
IR 4 Pl BE DR RUAE A 2 25 S R SRR T, XU R I 4y
R AR AR AE R, AT HE— 252307 T 51 Fh 3
BRI B1 RS, $ 2=/ AFEE 12 B[R 39 HCV R
YU AR, NIATD JF 3 5 A S M L 3
RIBRIHE

1993 4%, e [E & T #8255 a0 T b I ity 2 [
763w ( Chiron Corporation ) &4, I HI M HF 4
HSRAE SN 76 (RARTEREA, X} HCV 1) NS5 4t X i/
TTRERG AT, WITTREER, i1 R85
PEAER Y 6 N3 3B 6 FRIER R, DABTRIAA % T
TR SANEEMZ TR TA, DI/NG R SCF R
Rono W, FEWUERA) N B HCV kB Y g 9l iy 44
N lao SRRHTI 43 BT AN w5 T Y & A BRI
R R VETER BT R R T SR R RE (5 7 B
BRI T 2015 4E™) | B MeRmEN:, —&
HHES



—$ 28, )\EXR: RFRERGNESTESIR % _

xS BU R Ry I i IR A BT FE BEE T
HH{O

3 HCV 3' KimViH 5

3.1 RIS

TE HCV FEPRI ST SUA b RRSe sk e i [R
3 RIAFFE AN T AT o = PR R I R A s
RNAM & GEARME,  WSA0GE 1 AR S h i 5t Ko 4 34 4 e
FToaRE™ ;s TR S AR U — B cDNA I B, Z5THTAS
B RNA 1Y 3" 5[] 5 3 J7 ) EA 7o S ERAE , AR 37K
Uit RS A5 e S R0, U TG vk BT H AR I 5 | 0 %) LR AT
WG SERNY Y s MR BEAT W0 SR, Sl ok X
TIEIF RN . FEXFNTFRT, CHRINTI
TE 3" Wi e it H Bk R 2 AR B, g i A A
RIL poly(A) J Bt A A B AR A T 2 1E
O “WIE" I poly(A) i BURER TR HEAE R ZH 1Y 37 K3y
Fe4), ABAESE K% b B I AgAT SR A 7 JC R i g LA
i cR7 (tail) B X R A B ] T IR
BEAEIRIA 3 R L 2 A% R B R X — 48

SN, A P S IAT AR BT )
AT R3], A R P A Y R PR 4 37 K i 2
Pl poly(A) 258, iy H Al AIF 52 i 25 LA 02 DL 2 IR
TR 1B poly(U) &5 B2 U I AL, H
A NCCRI (581 5 56 [ AR iR 2 (5885 7 )
B2 e A T AT B2 P [ B &R S 5T, SR
MR AR, 30 ERI] T HOV LR 4 3" AR i Y
J¥51 .
3.2 HZANCCRIFHZ

HA NCCRI i py & il 2 Hl 5 HCV
41 RNA H M 1755 RNA SCEL

YLAE 1989 4R, R IAT At AR LIS SR i, Al
il i cDNA FERERZRAY HCV RNA J&— 4 fEfg i 4%
A EE TR IESE RNA, S0 SRR SR E™
A AR HCVAE LA M dh 2 v oAS 23 R JH 3 e St O =g

B, T e 2 A IE % RNA AR A i 5 H o
MY LK FEE RNA, ZJ5 BRI GBS RNA SRR 5
PUIEBEMIIGSE . 1991 4F, SE[E NIH fF5E 85 RT-
PCR Fi AR E AR T HCV YT 8E RNA, ESL T L L
TR, 199245, H AR A5 # i — 25 F
W XA R H SR IR REAS AT T, KB
JFHLRREA FPAFAE f7UBE RNA, XA IFAESE HCV 42
il e,

SR, if it RT-PCR i #i2 71 5% RNA BB I I
R, R AR 2E——R A —Fh 5 (1E4E
HEE) . HCV IIE . FPIEEAS S th Y 1 o Bhxs
X—H5E, NCCRI T 1993 A4 HUERUL, $5 A A
BoOAET H bR RNA B IR AT 5 E 40 RNA Jv
Bro ik BEAR BT TR S B AT S AR R S S 1
=l FAREE AT B0 SR 1 . T S BRp A v AR
HMEHERRIX SEAR BT, WFFEH DROETE NG S22, SEXbIiR
Prrb T RNA Y 3/ R AT A28 M, (A0 e i
AR S B R—5Y BEAT RT-
PCR Y, ZURERW], Ay vl LIRS b AR 15 1 E
e 4R HCV RNA, ZBFFE T 1994 4F & £5,

R —HARMHZ )5, NCCRI FHEF)T, 5
FRHEATHEHCV H AR 3 K fFsl, HCV 3
PRI 3" R vt 2 1 22 J5 PRI AE T30 77 S A i cDNA 1Y)
IR MM . HCV 5% RNA 19 & 58 L T
X[l R R 81 5 RS S A AN, AT
P 47 Bk HUR e 75 R DR A Y IR B T8 5 SR
R 7 o) 5 AEAE IE AR R, H 5" R 91 (O I i g%
(37 A S ) A 30 A ik gk R v B A5 AH X o A 3 £
.

1995 4, NCCRI M\ H A HH WK 16 BIA T,
DL A T 2H ZUREAS Oy il et T o5 B 1 A o
) HCV fi5% RNA $E47 RT-PCR ¥ . 1 1 X 7= 4
1 T RE SR, AT OUR N TR R R4 30 R
Uit poly(U) AFAE, BRI T HLL 5 BEAE poly(U) i

® FEA L% 57403
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M HALTH o XFT I A AT ik 98 nto WFSE K HoAfr
3 A X 2 (the 3' X tail ) ", 3 —FE5IH &
BRI T AN TR HOV JE R 4H 3" A M.

1996 4, NCCRI 4k%: k& F 7™, — g i
T X R HOV SRR 37 AR FIEmF4, U
—J7 AL 7S X B B AR ST Y P 91 7E HOV AN[RIHE D
BRI AR, T RETE A R T R AR . R,
HCV 2R A PSR AR ]
3.3 E/RHT-FHTHIRAR

BT AR T 1952 45, 1974 43545 sh )42k 12
fio 1975 4, R 25 B N B T2 B, 729 5
KT - %525 (James Strauss ) VHOSZER %2 >
A=A o TR S5 T Y B B RIS U 32 RNA
W R T, YR I AR R WS B R
Bl LR ( Sindbis virus ) 3 K 2 454954,
1981 AFARFF A Y2 = 20 ), MU Ak R FE ity
LI = M E ST, BB Y [ s 4
PR EE R B EE (yellow fever virus ) o @i %G
7 RNA PN, a7 T SR v I i ek
(17D) PYIERLUTH), [RIE, bk & I EE A 5
L5 LT RIF S ) S 7 O AR B 22 R, X —
K IHES T LA BRI 1 A AR 1 B A B R 7
By ik, BO— B3 3. 1986 4F, i
WrikAS THRRITUR S (RBR ST ) BEAEBE RO,

1989 4, HULTHI ] 17D #R 9421 cDNA TEIRSM:
J T BAT YL E R RE RNAYT b7 B 4 S
fR X T GHE, TE R AE HOV ATIGR IR B BUAS E 8 (1
Mo, TEMUBA S 2 ), AR 58 5 AR AkGE i X
Pl VE 4 cDNA 5 B Y 5 vk O AR T B0 i R
o 2 J O R R O H A 7 1 SR M RNA
TEXFERE ST, ENBERREERYE 3 MR,
HCV /G cDNA T 1) il £ [ AR A5 i fin B3

(D https://www.bbe.caltech.edu/people/james-h-strauss-jr.
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AR IX — I, ) T ok F 3 R 2
WEE )R (FDA) WF5E U 2% - 75 Wrid ( Stephen
Feinstone ) MYBFSE#0IG . 508 — B3O TR
RACWETE, WARWFRE T “125%" RNAJHEERY
AET o A BT ) HCAE B A 2 Ak DR 4 T 11
K, TEE PR SR AL RN . H R
FIHCV 5 A & Z RTS8 DRIR IR, A0 ok £
2 T, THATAFIHCV BTt se e,

VE Rt AZ TR 8 — T A, il fe ik
A2 S 2 BT TE B R AT S R ), i HCV
il & —A> “EIEM R e e T A e
I T cDNA BERERL 1Y RNA BRI 2
SRHEEL” A S O HE S Y 37 A R E 475K
FAER poly(A) 5 poly(U) rBURAEH A A “Efa”
R it ST BARIT T OC TR A AL 3 K i
JESIRIBIESE

FOUE WY, T O A S OF E R AT .
1996 4%, #/E HCV Sk R4 — ez, A
et TAEHE H AN A FTFR X AN I 58 % 37 K i
Jp ) U2 R 5 AT BRI i B
HE RNA, W2t T —B 3 RomBHWr (I 37K
i AN ATIEAR ) 5T R IR Ak (DA AT DL 4
fls RNA 19 3" K ) BISERAHTIR . AT & A HCV
(FERA Ny 1a) 098 F MK R R, & ek 1k 5E
B IR 50 BE RNA [ 3" Riide 4%, 22 RNA I
K RIGAMSFEZTREANY 59K K5
) RNA 575 558 cDNA, X Hb A7l s . L4 5 Ep
UET HZK NCCRI BYFHSE A PR

EIRIRIFTE B K R Bk 8 00 BA SR ) 41 45 1) 2
PREERIRUAHIR, (B 5 —FE, T AT AR A
T 3" R i & A 0 AT BA T U4 poly (A) FrBeo flufi 1)
Br, 3K AT RS PR O R A B S A b i — R B

&
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FEAE, HEMTRRATE AR A9 SE R M AA U 1 (oligo dT)
U AT W SEANYTH 5 T RT-PCR AR 28U )
5, PRI 70 B A 25 0F 1 RNA, HHIEAR
HAREME.

T A A BRI SE 5 H AS NCCRI BIBIFSE B AR 245 A
AL HEATRY, HEHR LS R eSS . SEPR L, Al
BAFEASE S A v B 2 i B T H AR ST . b
THESCE PN et 1k — 40, JFLLH AR M IE
THCMER,

AP LR, EEEHMEE S T B
HCV HH 4] 37 R poly(A) i /& poly(U); {HE
HEEHWM S, ZHH R, 5 HAR2EH
- HOG 37 AR 3 e 41 53X A B [ BEUAS [s) -t 857 141 BA
(R BIF 9 DN — T G 35 B o T O g 1) EL A, S D g
STHCV IR YL 2 5 e, e b n] b 7 (A A 8
FERUAAE AR, SR A5 TR A A JS SR Y B
il 7 R, AR SR 2R B A C AR T
BB, ARG 3" K675 (2 FU2— A
B R . X HURE F— D REC A Z A T .

4 HCVERM D FrlEmElL

PRI HCV HEPIZH Y 3" R )P 91 I, it 0 4] A i
il% T4 T2 0 cDNA FfE, 243 X 28 va P % 5
() RNA B4R IE (R AZELISME— 2 HIHCY
fEE) o MHT, 2R 2 FhEEE RNA G RE— il
AEMTE (rabbit hemorrhagic disease virus ) 1 F T
# (HAV) 1 7E 5280 v o i S FIRNA Y 7 =Xk
T TR TE & B BVER T iX—Jrik, |
JEABATE 24 34 cDNA TCRE (H77 dbk, LA
Ty 1a ) HRBCA RENE S | ARG

TR A R R TR, S AT BAOD A TR A 4
1 cDNA 5 SCPE PR T 6 4> s B AT I T,
W T H77 SERREE AL LA 75, JREIS M
e SR A RCRE A B, AT A BRI Y ) 6 A o e FL B

UM G A TP IAAAE R 225 . R T HIUR I Bl S 28
ARPISN, EBEFA 3L ERBEEA 2 (B2) S
WX, A—BJFS] (HVR1) A8 SPEAR e 2L
W 5" K, REFBERIEHTFNZ T A0
Fey FEFENT 3 ASRAINLE, ANFE TR poly(U/UC) A
B RS (41—133 nt) o BUNIAIBAIAy, 1EJ&iX st
255 FECT N HERE 1 I

BT ax s fF A, BT B E BT T ARSI
JPA 4K cDNA SibE, &IE THUL A E,
=R FEZES, MUA17E HVRT A BT 8 5
F F AL A SRR TR Y R T A
16 5" K it 17 S BOPA), AARIHAE T H) BN T G/
GA/GU/GC [ 4 FhJp 415 783" Rt 1 2 Fy s,
AR (133 nt) P SERKE (75 nt) B poly (U/
UC) B, g s &, MATH &t 10 MK
() cDNA Fel, PRSI N FEFIILHE SR RNA 45
RERW], RRPERN 5 AR R A T4 3 K iR
41K poly(U/UC) A B4l A, ol Hh AE RS
FUAHR (8 RNA, L AMERERRIERF & I ATAF 72 o
T H77 BRI AT

Z, BHTHBGIEERY HOV G EE “A 8”7 (4
X SR MK SRR ) RIS IR NAT; HCV i
ORI, R, AT TZEDRSE A 1a HEp 2
(W HCV #2577 HAT B VER 43 F 5ok, TR AL T F
SER . TR RER IR, Ry J5 Lo —— i
AT R——FT T 1 RS 5EA

T A BAAE 1997 4F & 22 i BURR A SC 2 4
T LA SR IS B R A e R A SR L)
JG 1A H, NIAID k3% 7RISR, (2587
JG T —%. 1999 4F, Wil Bk K R 3™,
& TIF NIRRT 60 M RIBETTZ R, #E— 20k
TZHTE . NIAID 5T & M ARSER AR, AH
A FF T 107 22" B . 25T 3a il 4L
T HCV Y5 S B T

® FEA L% 57405
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2020 4F, TSRS . B8, EEEHCY
0 B AR AR RS T DU, 40 T AR I LR
A R B SR AT R B A LR R
SSTEMRE R A ST de TR Y B Tk
TETHEW] HCV A S BI AT 5 R 4

T T4t F SRR 25 B 58, (R AWk — i 1 ) F
FEWKZ%, HZS NCCRI 53 [E NIAID HBIFSE# [FFE KL
B, HE-FEATAU A i AR A B B
A, AATTSEER b T DASE RO R 9 TAE . A X
P SCAE HOV U HHR Z A BT, “RREINEE” [
WA NS A e, FEORHETT s R, B2
13 T DR ESE . DEE, AR
Al AR 3 ST 40T

(1) H A& BRBITIFAE N —TF R
FHCV GU ST, HHF MO9S HeV JE
WA, BB B PR BRI T ORI, R R 4
1 cDNA 7EARSME R A YR T RNA, X T
FREERER VLR FFQIER TAE, BONb)S R R HCV 4
BRAR RS T RO

(2) AR W T1E B PR T E P IS 1
B, M AE 1 6B A RNA KR (W1 HCV ) B,
RATREIE WL T —Fh N “FEHAmFy” , 3 ‘4
K cDNA” |, HH| “JRYEF T oahbe” i AU .
IR BRI A B (1 BARME—ME IS, HAEIX AN S
flrh, HAEHRBUR Y . S i FREAR IR, #T
27 KAL), AR A 450 DR 3 T
FEIHER

(3) BAr &z, HbrEMMIERHAIETE R 5E 4
TR ¥R CHVE T o LA SR e i 37 A oy 5] R 141
H X NCCRI 9 A1 BAALZ A i, Tt 357 AT A DU 4 =2
HTFB BRI HARE M AR, —IFH IR R
ek 3 A (LASRR HIHED ) Al 141 A A BE = ok
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Not-So-Low-Hanging Fruit: Journey from Identifying HCV to

Proving It Pathogen of Hepatitis C
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(1 Department of Philosophy, Peking University, Beijing 100871, China;
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Abstract The Nobel Prize in Physiology or Medicine 2020 was awarded jointly to Harvey J. Alter, Michael Houghton, and Charles M.

Rice for their contributions in the discovery of hepatitis C virus (HCV). However, eight years lapsed between Houghton hunting down

the virus in 1989 and Rice proving HCV alone could cause hepatitis in 1997. How did this seemingly low-hanging fruit turn out to take

so long? We reviewed literature to piece together studies during those years, and determined contributions by different groups (Rice’s

group included). Through a close look into its performance at two milestones (determining the 3'-terminal sequence of HCV genome
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RNA and constructing an infectious molecular clone), we analyzed, from dimensions of technology stack, path dependence, and goal
setting, why Rice’s group leapfrogged its competitive peers.
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