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��� ��� �  ! " #$% &'( )�� &*+ ,-.

/ 0 123 �45
(���������	�
��
����, �� 100071. * ���, zhuqy@nic.bmi.ac.cn)

6 7 & 8 9:; & < =>? @ A BCD E F �GD

HID &�J K L &
� &�M , N O7P QRS ! J

&TU � V �WX Y A # Z [\] � D �^�*

(�������������/�	������������, �� 101300. * ���, yanghm@genomics.org.cn)

�� ��������	(SARS)
��
��������. ������� SARS ������

��(BJ01)� !"#$%&'(), *+,-�.��� !/012. 3��#$%"4� 29.725

kb, 5 116789(ORFs), : 16;)<= 167><%?, ,@;)<AB RNACD� RNAE�

F, GHI6 ORFsJ7><5K 46LMNAB&'(CDSs), 1OAB��� 46PQLM(S, E, M, N

LM). RS, 7><TGH56UVW�X(LM(PUPs). R��#$�Y'Z&+,-�.����

��[ . \]+�. RNA ���&'/� , 7^��3��_`����a(Coronaviridae). +

GenBank@�.� 56 SARSbc��"#$%&'�/012de, �f 306ghijklmn&

'op, q�r>s� 0.1%, ,@ 15 6>pjtfAB<, 7uvw[LMN�x#iy>(pzr

>). SLM@��� 3{7u|}3LMN~��	>��>p, �3LMN7u�+��+����

����. +��G��?bc�MLM@����I{x#i>�. ��12��, SARS��7u

�
��`��, ��K����
�����. �!�� SARS bc����$�^�Y�,-7

u� SARS�����f, � � ¡¢£�¤¥.

��� ��������	(SARS) 
��
 ��� ����� ��

��������	 (SARS)
��
���

����� [1�5], ��������������

���.  !"#$%&'(WHO) 2003( 4) 29*

�+,, ��-. 27/0123456 5462�7�

SARS, 89:; 353 �<=(http://www.who.int/csr/

sarscountry/en). >? SARS �@
A
B��CD

E.FGHI, JKL�M-NOPQ, RS SARS

�TU�CD
VWXY�@Z�[\][1~5] (http://

www.nytimes.com/2003/04/24/science/24INFN.html;
http://www.sciencenews.org/20030329/fob7.asp).

SARS ^_�@��`a&bcTdefg�

CD, hi�ajk�%lm, no�pqr2��

ls, t�^_�uvwxyz{2|}~����

���`���. �*, �M����] SARS ^_

�@��`a&bc�g, ��KL-��� 5/X

Y�@`a&�������.

1 �����

(�) ��V�. 2003( 2) 10*�3) 15*

���2� �� 10 ¡ SARS ¢£�¡. ¤.¥¦

§!WHOuv¨©ª«ue SARS(http://www.who.

int/csr/sars/guidelines/en/), k¬­®¥¦¯°��±

²<=. ³´, µ¶·&'¨�. ¨�¸¹%º»s

¼, ¸FG�½¾¿(Vero-E6, MDCK, Hep-2, HeLa,

BHK-21 2 LLC-MK-2)ÀÁd�Â�@[6]. 4]XY

�@�@]�ÂW Vero-E6½¾ÀÁ�. �@mÃy

ÄÅ PCR2ÆÇ�ªÈÉÊËÌ.

(Í) �byÎÏ2&Ð. Ñ¸ MegaBACE 1000

(Amersham)WÒ�bÓ���b , ¸ Phred (http://

www.phrap.org)ÔÕÖ×Ø`. �jkÙV��bc

Ú�ÛÜ�ÝP¸ CrossMatch 2 Phrap ��(http://

www.phrap.org). Þ&Ðßà�áÏ�âãä4d
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ABI 377�bÓ(Applied Biosystems)�
�g PCRå

�bc, �æ&Ðãä.

(ç) bcèé2����. êëìbc�&�

Ñ¸ DNA_GC_Calculator ÔÕ��(http://www.genome.

iastate.edu/ftp/share/DNAgcCal/). Tíî (ORFs) ¯ ORF

Finder (http://www.ncbi.nlm.nih.gov/ gorf/gorf. html)«

g . Ñ¸ Blast �ï nr(ðñò)ó!ô(http://www.

ncbi.nlm.nih.gov/blast/Blast.cgi)��êì2õöãb

c��ï��, ÷�bc�ïø¸ ClustalW1.8 (ftp://

ftp-igbmc.u-strasbg.fr/pub/ClustalW)�� . õöã�

ù`ú®û¸ NetNGlyc1.0 (http://www.cbs.dtu.dk/

services/NetNGlyc)«g. õöã��sjúüý	¸

Compute PI/MW (http://us.expasy.org/tools/pi_tool.html)
Þ� . dþ¤.%���ü��ª���6�l�

� 2000, �� 3000 (��6�l��), SUN E10K

(SUN Microsystems Inc), SGI Origin 3800 (Silicon
Graphics, Inc)2 IBM p690 (IBM Corp)þ��.

2 ��

5���� 549 /�bÄ�, 	
� 207892 nt

�C�ó!, ^�°Þ6�`a&
� 7�����.

��ÎÏ2��âãä4��¼, ��bce 29.725

kb, 5���e 0.0093�. bc-�� GenBank(��

�: AY278488), ¤.- bc�ÆÇT��"#�

�Ì¦!¸.

2.1 �������

��"o, �M�b��@](BJ01)`a&#.

$�%&'& RNA�@�ý	, ­(�×e 5)-*`

ú+,2 3)-poly(A)+-./0. GC 1äe 40.8�

(A�U�C�G = 28.5�30.7�20.0�20.8), �`a&

¬`�ª2��(3 1). ­/45�6 GC 4�×®

° 200�5002 28200�28767 nt», P�`a&�­

7, ®°89 RNA§:� RNA;�<2 N(ê=D)

õö� ORF¬, k¬ Nõö� PUP5·��>. `a

&¬E1.�?�@bc, TU�'& RNA �,�

A�/0._. 5)7bc#.��@bcB��45

�A�/0, C®° 155�211 nt�4�� 861�920

nt� 60/êëì4��DÎbcæEG�(3 2). -

��:; 4/ÄF�@/0(G�êëìóKe 7)(3

3). H 140 /IJ�`a&¬TU�KL/0._

(IÎMó!, http://www.genomics.org.cn/SARS).

2.2 �	
 ORFs ��
������

NO�@�`a&¬�Þ�à 11 / ORFs(6 /

8942 5/ PUPs), 5� 28.550 kb, HP�`a&

� 96%(" 1, 3 4). Ü� orf 1abQ, � PUP12 PUP2,

PUP2 2 E õö�R.�>� ORFs. aO, Ü� 5)

(245 nt)2 3)(356 nt)ð894(UTRs)Q, �. 6/`

aR4�, 5� 564 nt, k¬ 5/��(7�51 nt), 1/

�
(478 nt, � PUP42 Nõö�R). KL�ó!E

FSdTo6�UVà� PUPs�TW�2Þ��X

U. ORFs �YcZb�kÙ- HE(−)XY�@�

��9. [9,!¸\E]^ Leu(_`ì)�\EG

æ (" 2).

89 RNA §:� RNA ;�<�4�(orf 1ab)


HP�`a&� 2/3(246�21466 nt). �¯­/T

íî(orf 1a2 orf 1b, 246�13379 2 13379�21466

� 1 SARS�������(BJ01	
�)� GC
�
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� 2 � SARS�������(BJ01	
�)���� 5�������

� 3 � SARS�������(BJ01	
�)�����

�����

nt)&�, ­¦�R�êëìbc®û 13379 þ�>

�/êëì, �“êùDí9îaÒ”lm[7] ^�9,

TU%�­/÷b (" 1).

S õö(spike protein, c E2 ùõöLD)
�/

dì�ùõö (pI 5.5), ®efg RNA ;�<

(21473�25240 nt). ��¤.�@/0õö¬G


(1255 aa), �,äHe 139.17 kD. #.:; 9/ù`

ú®e2 1/hi�jk4.

Eõö(�lkõö)®° 26098�26328 nt, �T

U
O�@¬G��õö(8.36 kD, 76 aa), �¤.�

@/0õö¬hi�Gm(47.40%), n(%o)pqr

s(5.30%). ®°¤.kÙ894S�4�t��u

vIJ UCUAAAC� Eõö¬dw[�Bxà�°

� 1 SARS�������(BJ01	
�)���(ORF)� !"#

ORF ��(nt) ��(aa) ���/kD �	
(pI) ��
(%) ��
(%) 	�(+) (%) 	�(−)(%)

RNA��� 246~13379
13379~21466

7073 790.28 6.3 30.80 44.30 11.80 10.50

S�� 21473~25240 1255 139.17 5.5 30.40 44.80 9.10 9.20

E�� 26098~26328 76 8.36 6.0 47.40 32.90 5.30 5.30

M�� 26379~27044 221 25.06 9.3 40.70 36.20 10.90 5.90

N�� 28101~29369 422 46.03 10.1 17.30 54.00 15.40 8.50

PUP1 25249~26073 274 30.90 5.6 34.70 39.10 8.40 8.00

PUP2 25670~26134 154 17.72 11.0 37.00 51.90 19.50 0.60

PUP3 27055~27246 63 7.54 4.7 47.60 42.90 11.10 15.90

PUP4 27254~27622 122 13.94 8.3 33.60 42.60 13.10 8.20

PUP5 28111~28407 98 10.80 4.9 32.70 46.90 9.20 11.2

� 4 SARS�������(BJ01	
�)$%&'�
�����������(putative uncharacterized proteins, PUPs)
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� 2 SARS�������(BJ01	
�)���(ORF)�()*+,-.

RNA ��� S �� E �� M �� N ��

Leu (L) 675 9.50% Thr (T) 100 8.00% Val (V) 14 18.40% Leu (L) 31 14.00% Gly (G) 45 10.70%

Val (V) 579 8.20% Leu (L) 99 7.90% Leu (L) 14 18.40% Ala (A) 19 8.60% Ser (S) 35 8.30%

Ala (A) 511 7.20% Ser (S) 96 7.60% Ser (S) 7 9.20% Ile (I) 18 8.10% Gln (Q) 34 8.10%

Thr (T) 495 7.00% Val (V) 91 7.30% Thr (T) 5 6.60% Val (V) 16 7.20% Ala (A) 34 8.10%

Ser (S) 458 6.50% Ala (A) 84 6.70% Asn (N) 5 6.60% Gly (G) 15 6.80% Thr (T) 33 7.80%

Lys (K) 415 5.90% Phe (F) 83 6.60% Tyr (Y) 4 5.30% Arg (R) 15 6.80% Pro (P) 31 7.30%

Gly (G) 419 5.90% Asn (N) 81 6.50% Phe (F) 4 5.30% Thr (T) 13 5.90% Arg (R) 31 7.30%

Asp (D) 395 5.60% Gly (G) 78 6.20% Ala (A) 4 5.30% Asn (N) 13 5.90% Lys (K) 29 6.90%

Asn (N) 366 5.20% Ile (I) 77 6.10% Ile (I) 3 3.90% Ser (S) 12 5.40% Leu (L) 26 6.20%

Glu (E) 348 4.90% Asp (D) 74 5.90% Glu (E) 3 3.90% Phe (F) 11 5.00% Asn (N) 25 5.90%

Ile (I) 343 4.80% Lys (K) 60 4.80% Cys (C) 3 3.90% Tyr (Y) 9 4.10% Asp (D) 22 5.20%

Phe (F) 331 4.70% Pro (P) 57 4.50% Pro (P) 2 2.60% Trp (W) 7 3.20% Glu (E) 14 3.30%

Tyr (Y) 324 4.60% Gln (Q) 55 4.40% Lys (K) 2 2.60% Met (M) 7 3.20% Phe (F) 13 3.10%

Pro (P) 274 3.90% Tyr (Y) 54 4.30% Gly (G) 2 2.60% Glu (E) 7 3.20% Val (V) 11 2.60%

Arg (R) 259 3.70% Glu (E) 42 3.30% Arg (R) 2 2.60% Lys (K) 6 2.70% Tyr (Y) 11 2.60%

Gln (Q) 234 3.30% Cys (C) 39 3.10% Met (M) 1 1.30% Asp (D) 6 2.70% Ile (I) 11 2.60% �

Cys (C) 233 3.30% Arg (R) 39 3.10% Asp (D) 1 1.30% Pro (P) 5 2.30% Met (M) 7 1.70% �

Met (M) 177 2.50% Met (M) 20 1.60% Trp (W) 0 0.00% Gln (Q) 5 2.30% Trp (W) 5 1.20% �

His (H) 160 2.30% His (H) 15 1.20% His (H) 0 0.00% His (H) 3 1.40% His (H) 5 1.20% �

Trp (W) 77 1.10% Trp (W) 11 0.90% Gln (Q) 0 0.00% Cys (C) 3 1.40% Cys (C) 0 0.00% �

� 7073 100% 1255 100% 76 100% 221 100% 422 100% �

���� 200���.

M��(	��, �
��, �E1	���)
�

�����(25.06 kD, 221 aa), �����(pI 9.3),

�� 26379�27044 nt.

N ��(�����)������ S ��(46.03

kD, 422 aa), �� 3� (28101�29369 nt), !"#$

%&��'��, ����( 10.1, )*+,-��

�./'01(54.00%)23/'04(17.30%).

2.3 ��������	
��
���

5678�9:�;�<=>?@ , ABCD

EFG��HI?
J$KL. RNA MNO� 5�P

QKR9STU�V(0.09%, 19/21, 220). 3�C9KW

+ 4$XYKXYEFZ[(S, E, M, N��)��\ 5

$ PUPs, R9S��(0.21%, 11/5, 447) (] 3). ^_

U 5 $ SARS `aEF?bc��Hde�f�?

g , AB78h 30 $9:�; , ijR9Sk


0.1%. 9:�l�#m?(63.3%, 19/30)
no. C-T

p&q 68.4%(13/19), A-G q 31.6%(6/19). r�+ 9

$s)Jt<u�de�vw.

k#x�9:(15/30))��XYK�Cy
:

zR9, ) PUPs�{+ 2$9:(] 4). RNAMNO

�78� 19 $9:�;�, k#x(10)C|}~�

�9�. �#fS) S ��(3/4)\ M ��(2/2)��

�, Cy|}������9, �<�"�����

�T��	����Z[\�y+� . �78��

�����R9.

���r�� RNAEFTu, 5$ SARST�E

F��H�, RNA ��' RNA MNO��� , ¡

-¢�R9S£+ 0.09%, �)s78R9� 5$X

YK�"0V�(] 3). 0� �#¤�� SARS T

�EF� 14573�16894 nt �, �¥`aEF��T

�KL (AF391542, AF220295)\¦§¨EF�T�

KL(AF208067, AF029248, AF208066, AF207902,

AF201929) �u#'k
 70% (640�643/914 aa).

)*+ 17 $s�`aEF�¡-w 1 $:©� �
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� 3 5� SARS��������/012

ORF ��(nt) �!" �!#(%)

RNA��� 21220 19 0.09

S�� 3767 4 0.11

M�� 665 2 0.30

PUP1 824 3 0.36

PUP3 191 1 0.52

Non-ORF 1

� 29725 30 0.10

� 4 5� SARS��������3�45�678�/09:

ORF
$%&��

(BJ01)
'(&�� BJ01a) TOR2a) USa) CUHKa) HKUa) )*+, b)

2582 779 T (Val) C (Val) T (Val) T (Val) C (Val) C(2)/T(3)

7727 2494 G (Pro) G (Pro) G (Pro) T (Pro) G (Pro) T(1)/G(4)

7900 2552 C (Ala) C (Ala) T (Val) C (Ala) C (Ala) T(1)/C(4)

7911 2556 G (Asp) G (Asp) G (Asp) G (Asp) A (Asn) A(1)/G(4)

8368 2708 G (Ser) G (Ser) G (Ser) G (Ser) C (Thr) C(1)/G(4)

8398 2718 G (Arg) G (Arg) G (Arg) G (Arg) C (Thr) C(1)/G(4)

8553 2770 T (Leu) G (Val) G (Val) G (Val) G (Val) T(1)/G(4)

9385 3047 C (Ala) T (Val) T (Val) C (Ala) T (Val) C(2)/T(3)

9460 3072 T (Val) T (Val) T (Val) C (Ala) T (Val) C(1)/T(4)

9835 3197 T (Val) C (Ala) C (Ala) C (Ala) C (Ala) T(1)/C(4)

10568 3441 C (Thr) A (Thr) A (Thr) A (Thr) A (Thr) C(1)/A(4)

16603 5453 C (Ala) C (Ala) T (Ala) C (Ala) C (Ala) T(1)/C(4)

17545 5767 G (Glu) T (Asp) T (Asp) G (Glu) T (Asp) G(2)/T(3)

17827 5861 C (Arg) C (Arg) C (Arg) T (Arg) C (Arg) T(1)/C(4)

18046 5934 G (Lys) G (Lys) G (Lys) G (Lys) A (Lys) A(1)/G(4)

19045 6267 A (Glu) A (Glu) G (Glu) G (Glu) A (Glu) G(2)/A(3)

19819 6525 G (Val) A (Val) A (Val) A (Val) A (Val) G(1)/A(4)

20577 6778 A (Gln) G (Arg) A (Gln) A (Gln) A (Gln) G(1)/A(4)

RNA ���

20891 6883 G (Asp) T (Tyr) G (Asp) G (Asp) G (Asp) T(1)/G(4)

21702 77 A (Asp) G (Gly) G (Gly) A (Asp) G (Gly) A(2)/G(3)

22203 244 C (Thr) T (Ile) T (Ile) C (Thr) T (Ile) C(2)/T(3)

23201 577 T (Ser) G (Ala) T (Ser) T (Ser) T (Ser) G(1)/T(4)
S��

24853 1127 T (Leu) T (Leu) C (Leu) T (Leu) T (Leu) C(1)/T(4)

25550 101 T (Met) T (Met) T (Met) T (Met) A (Lys) A(1)/T(4)

25654 136 C (Gln) A (Lys) A (Lys) A (Lys) A (Lys) C(1)/A(4)PUP1

26031 261 C (Pro) A (Pro) A (Pro) A (Pro) A (Pro) C(1)/A(4)

26581 68 C (Ala) C (Ala) C (Ala) C (Ala) T (Val) T(1)/C(4)
M��

26838 154 T (Ser) T (Ser) C (Pro) T (Ser) T (Ser) C(1)/T(4)

PUP3 27224 57 T (Leu) C (Pro) C (Pro) C (Pro) C (Pro) T(1)/C(4)

Non-ORF 27808 C T T C T C(2)/T(3)

-(('(&)./" c) (30) 16 (11) 17 (10) 11 (5) 19 (13)

a) BJ01/AY278488.2, US/AY278741.1, CUHK/AY278554.1, HKU/AY278491.2, TOR2/NC_004718.1. b) 01�
234#5(6789:

;<./"=. c) 34#5 BJ01�>?<-(@'(&89:;<./"=
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GC Wª«¬KL , r�;)��H 3� (29571�

29602, 32 nt, cgaggccacgcggagtacgatcgagggtacag), )

N���XYK­, ®!�¯�°�y<±.

56 GenBank�²@� 17$<u�`aEF³

´ 64 c� RNA MNO��µ�/~��de?g,

AB[¶h#$·¸7¯¹(º 5). f���H?g

»¼½p�� 4 ¾EF(¿ÀÁ'ÂÃÄ¨EF, ¿

ÀÁ'ÅÃÄ¨EF , ÆÇ`aEF\ÈÉ`aE

F), ÊËpÌ��� 2¾(¦§¨EF\¦`aEF),

ÍÎ�Ï��� 7 ¾(Ð`aEF, Ñ`aEF, Ò

`aEF, ÓÔÕ'Ö×EF, ÓØÙÚÛM'ÜÝ

Þ¨EF , ÓßÀ'àá¨EF\¥`aEF), â

ãäp� 4 ¾(ä`aEF 229E, ä`aEF OC43,

äà`aEF 4408, SARS T�`aEF). åh 5�

RNAMNOPQK, r�XYK� PUPs) SARST

�EF\*+æç-d���Hèéê+78ëì

�uí'.

3 ��

3.1 SARS �������

) SARS T�`aEFîïQèç, �� SARS

�Eð�+l�ñò. óôõö÷7�øùú�õû

üýþ�ö���ý�åh SARS�¯�øüõ�ð

�õÂð��Á�Cy'[3]. �¾×E^_��	


��À
�]ëhEF�Á�Cy' . ����%

&�aì�Cy
 RNA EF�Á. �Cyí��!

fDNAEF��������S, 2DNAEF�]

8¢%&�õTU¸#��a. ����ñò, �Ä

<y�år��Eð���) , AB�"�� !

"�) RNAEF�.

0#, 862$ RNAEF�Gde�m?des)

GenBank�e¢, »¼ 80$p�n$EF(retroid)õ

219$%& RNAEFõ100$'& RNA(&EF\

463 $'& RNA)&EF (http://www.ncbi.nlm.nih.

gov/PMGifs/Genomes/viruses.html). � GenBank�*

+s�de*Õ���H/=��fU+ëD!,


`aEFÍ-"N.� (/0126http://www.

genomics.org.cn/SARS). �#?p��3ì456�

78]�#} , 9*+`aEFÍ-:;<=+`

a­]�� (�>?@A`aB)[8]. CD1E�", �

#TF'GD"í�� RNA ��' RNA MNO�

�� �, 2�rûð'õF'� SARST�EF�

H�'öIJ�·.

?p\*�KLU�Më SARS�7EN.õE

ðOí\*�âãPQrRí=+lSD� z ,

�+T�,-�RCyU#�¢8�}V'ÀÁE.

*�¹uWX¢#$YZÍ\�[\]hl^�_

`�ab, 9 SARSEF�c"dÌ�Oí�. ef,

� 5 ���� RNA ���	�
��
 SARS �������
���
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56 RNA MNOde�pF'g-, EðCy"¥

í�¦í . r�ÍÎ\Ï� , h��ä+.i�J

j, :
Eð��Cy'{�).

SARS EF"�
äk�_`{�whlm�

� , !"�"no?3+æ��k� , �"�R�

�p$¯�qrs<�tuv . 56AB�de?

g\��H�w, �xCy'l�. yz, �{G<

"|'}Ds��~�����õS��âr�s�

	
SH�#$�� , �
rdeå RNA MNO

­ , >¢8���de9: . ä��k�$EF�

�#Câ����°�w"r� ����d , �

FIJh`aEF��¢R . �� , ��!"ä


� , ef!��"�����0����2î� 

N:¢R�äk� , Df"��æç�{G���

��.

�¾���Fcâã%&���HZ[)*�

�<7¯h�fS�R9 , �xR9Câ��r�

��H�'\}?�F'. Cy�N�� RNA SH

�S��U , C����EF^_��¯� ¡\

ú1F'2*���� . 8)¢U+�EF�Oí

6Z£�
W_¤ , *#¥�¦6DR���§�

�KL.

3.2 SARS ������	
���


ABU 5$ SARS`aEF�G��Hde*Õ
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