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X8 B/RDHDNA; B ERE
FESHE Q31 XEEERIZAG A

IR AREE R — R BN, R 4 P ir A
WEASERGEMEFIER, Rk ZHNHFAaK
WANRE. BRI, F2EDDRLETFERAPESE
G HPRAS , N TR ST B A sh R RE R A 8 T3,
Fn XBEREBE BN BE SR, W A B x4
BEFENREEREIRZIIANBORE. LY
L FERE HAEPHEY MBREESESH
R HNBRS, NRRBSRBEFRAE PRI RRK
FEDNA #HFTAWMAEERRREENE X,
B2, ANB/R MR R 4 A 2 BUK DNA fi & 7] B
SZHNEMEAENE R, BRIASHHDNA S
EREZE . ERARSEBRZE .DNA 5 DNA Z
) £ 3 BK , 48 /R Th AR AR FE AR A5 B 4R 77 Bt 1) R, 1R
FREAMK/NMBAESEHRTRESHERNIFE
DNA i T [, $E i PCR ¥ 7= Y ik B % )5 8
HAEYEMTEBEYEE BUAERITEN
HBREABEEREFEANIRRBBEEIR LS
8L TEBEENRES, RARTLHREARK
MHBAHTR/AIAMYWTHNEG, LRTEE
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VHROER, FEHRERATENRENERD
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AR T — R AR IR DR AR AR B B 2K AR
AR BUKSTF DNA KB H B AT PCR ¥ 38 Y
Tk AT RRX R E A AT A R4, AT
HERT £ %5195 8B A DNA #£17 PCR ¥ 3%, 3 H
B R AR F AR A B PCR 3% 7 ¥ IR B & 0K 0K
PRA MR R AR A PCR &7 38 7= Y 1 5 51 #E 47
T &G, RITEHEIT T IR R DR B A4 E
R (6] X PR FF AT AC DNA $R BB B R0 o

1 BWRS5FE

1.1 XBHE ZIRMERBETHER¥EIY
HAREFIREENARFE(ZR,5% BRI HRKE
BBAEF) . SRAKREHRERETF N 5%
KA - 70°CHKHE(RE 1o
1.2 #& DNA B9#REl RSB LERMOT .
(1) HEEETFIN FAEEHRA EBT 2¢
EARNBEBIRAR;Q)KBARRBRA 10 mL £ 1 x
GTE (100mmol/L % % Z. 8 ; 10mmol/L Tris, pH 8.0;
Ilmmol/L EDTA)ZE W@+ , X EH L AR P HE
RO M, S 24h ¥ GTE ZEwk— K, B 1
72h; (3)FHER TIR R B AL/ NS, K B R
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Tab. 1 Fish species numbers, name, storage part and size, storage time and the treatments
RS 4 REAARFEFR AL RARERT R4 () 438 75 X 42b 3R (6]
Number® Species Part Size (cm) Collection time Treatment Treatment time

1 Oncorhynchus mykiss HEBMA 4x2x1° 2001 5% @R Dy bk 41A
HERIA Rt 2001 95% 1 ¥E 41™A

HERNA G 2001 - 10°C K% 41™A

2 Oncorhynchus mykiss HHUA il 2001 5% @R Dbk 41A
HERIA Rt 2001 95 % 1 ¥ 41™A

HEAA A E 2001 - 70°C K% 41™A

3 Oncorhynchus keta HHUA F L 2001 5% WK Dbk 41A
HERALA il 2001 95% 1B ¥ 4™A

HERNA i 2001 - T0°CK % 41™A

4 Hucho taimen Bk 28° 1978 5% IR Sk 24 4F

5 Brachymystax lenok Bk RF 22 1952 5% M IR Dbk 50 4

6 Brachymystax lenok ik BF 20° 2002 95% 1B ¥ 41A

7 Thymallus arcticus BiKG A 15 2002 95% B X% 41A

8 Thymallus arcticus ik 28° 1957 5% 48 /R Bk 44 4

R 1,23 4 SUECE R R 8 SE #8 T R (0.1,1,3,6,10,22,26,29,45,51h) , RIS 4 HITE 5% MR T 4K \95% F R 1 - T0°C KRR T 1R %
4H AT ER DR DNA M FIAT ST RR "R hk K
Notes: * Fish species No. 1, 2, and 3 were deposited at different pre-fixation time (0.1, 1, 3, 6, 10, 22, 26, 29, 45, 51 hours), and then were kept for

four months in 5% formalin, 95% ethanol, and frozen at - 70°C , respectively. These species are used to examine the creditability of the DNA sequences extract-

ed from formalin fixed samples;® volume;° length of the whole body

HAPMA 1.5 mL HIELEH,MA 700pL 70% H
KRR ELCERBEREKRY (80 r/min)24h(7E
% 12h EHRTEHE —K); (4) F 3000/ mim T & L
2min, 8] ¥ 3§ WS 1A 700pL 100% & X , 48 K IR
(80 t/min)24h (FESE 12h EHER —K); (5) &
3000r/mim T B . 2min, B3 E¥E WG A 700uL
GTE & vk , & KR % (80r/min) 24h (£ 45 12h B
HE— 1K) 5 (6)7E 3000r/mim F B .L> 2min, Bl# | 1§
BEEESYLH T4 20min); (7) 0 A 5004L GTE
RG9S CELKBH MM 15min, RIFEER
T&H Smin[M];(S)?fE 3000r/mim T &> 2min, {8 3
EEWE A 100uL EEH B K (50 mg/mL), 50uL
10% + Z SE B BB #1 (SDS) Ml 50pL 1mmol/L — i
WEBE(DTT), 7£ 60°C T IH 4L 24h, B8 F 3 5
BILKIS 16, ()Y m A 100pL BEEE K (50 mg/
mL) 1 20pL 1mmol/L DTT, #R /5 7E 60°C T Fi& 1k
24h, B ENRE S AL BULIK . IRA B 48h FUIE
SE2THAL, A 25,1 A B K (50 mg/mL) 445
1 24h; Q) S A ARFHE BHESEZER,
SRIG W5 RE G B A UK R Sming (11) ZETE 4L 5 0 A

500pL K B, #& % B ) 10min, 11000r/mim T & L
10min, REH L HFREBIAS -1 1.5 L BELE
HOERE NPT 23 K; (12)MA 2.5 fFHEBRITK
ZBEFN 0.5 K 1mol/L NH,Ac, RIBIEH RS,
7E - 20°C F UL I€ 24h; (13)6000r/mim T & .0> 10min
ja ¥ E W (14) F SOuL 70% EXE Ut TEE 2
B0l T 20ming (15) 1A 40l TE 28 #h K
(500mmol/L Tris; 200mmol/L EDTA; 10mmol/L NaCl,
pH 8.0) % f# DNA,

1.3 REUDNAMRERMKLIE HEH LRk
DNA i 2K b 8 F 514 L14724 F1 H15149 ,— %
BT T2 hifk DNA 4R K b 514 S2U
S2D, X} 2 B A DNA # 4T PCR ¥ # 3 (F 2), PCR
ROk F N SOuL, A1 4% 10 x Taq 28 ™ W 5.0uL,
dNTPs (2.5 pmol/L) 4.0uL, 3| ¥ % (25umol/L)
3.0pL, Tag B§ 2.5 1 H4%, 84 DNA 3—4ul, K BL
AR K 94CT Smin;94°CTF 30s, EtE 30s (B R =
2),72CF Imin, #t 40 NYE3F;72°CF 30min, PCR
P 1.5 9% Bt A8 0 B e 1t AT e Bk 43 B, 4 4k 0
FFIfEdl EBET AR R
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Tab.2 Primers for DNA amplification and their annealing temperature

5y L 2]l BABET
Primer Sequence Annealing temperature
S2U 5’AACCACCGTTGTTATTCA3’ 56
S2D 5'GCTCATTGGAGGGCTTTA3’
114724 5'GATATGAAAAACCATCGTTG3' 54

H15149 5'CTCAGAATGATATTTGTCCTCA3’

1.4 EHAE DNA REEWAOKRE w08
B ZE HA B 1) R AR AR R T B AR R SRR R T
AIABTE ., RITE BB FHEREES FRE 1—3) 4 5
BB R By EH e (0.1, 1,3,6,10,22,26,29,45,
51h) ;R 5 1B BURTFLE 5% BI/R SR .95% T
KM -T70°CKYR 4 4~ A ;0 T %55 1€ 8 B (8] Fn £2 B
DNAREBMXR, A4 X E Tl & DNA ¥ OD
{8, 33858 SPSS 4343 #7 #K 1 Xt ODygp/ ODogo HLAEL
5 3 i i} 18] 347 B3 4 # o

2 & B

Wil EREE, AT FFA 54 o B Th i 32 B
T 400 bp LA KB DNA F B B 1 RAZEAR
RLEE 1—3 SHRA PR UK DNA J B iy B K 45
Ro PRSI Y TR B DNA #7935, 2

3.0kb

1.2kb

Bl 1 RRFE4ER A 42 B DNA fs K B i
Fig. 1 DNA extracted from specimens with different treatments
K 13 ARE | BHRAEALARGRE K4 THREUK DNAGE
IR, TN, - T0CHKER) s 3Kkl 4—6 RERE 2 SR ERRM
BRAF AT IR DNACRR/R DAk, B, - 70C K% ) ; 3Kl 7—
9 RRERE I SHAEARF MR KM THRIAK DNAE R DA,
WRE, - 70°C UK ) ;M 27 DNA 471
Lane 1—3 respectively represented the DNA extracted from specimen 1
that separately fixed in formalin, ethanol and frozen at — 70°C . Lane
4—6 respectively represented the DNA extracted from specimen 4 that
separately fixed in formalin, ethanol and frozen at — 70°C . Lane 7—9
respectively represented the DNA extracted from specimen 3 that sepa-

rately fixed in formalin, ethanol and frozen at ~ 70°C

Pl TRV AR ABEENE, RMMAAEBR
DARRFF 50 F MR A (5 SR A ) B DNA R 3 H
T 1000 bp EH K H B,

10 11 12 13 14 15 16

1120bp
418bp

B2 AR A DR DNA #47 PCR Y IR
Fig. 2 PCR products amplified from genomic DNA extracted from samples with different treatments
Y 1—14 A5 S2 HEATY 1, K E 15—16 FIS1Y 114724 7 L15149 HATY W, %l 13 AHREREA | 2ERARBREFRXGERIH, @
¥, - 70°C) ) PCR =4 3K i 4—6 A 5IRFRAFAE 2 Bt =FAREMRAEF XM PCR =9 38 7—9 A IR EBIRA 3 B =# AEEFET RN
PCR 7= s 3K il 10—12 4 SIfAER AR A 4—6 (1 PCR =47 ;3K 38 13 0 15 R RARA 7 89 PCR 729 ; 3k38 14 F1 16 AL 454 8 19 PCR & B
Lane 1—14 represented the PCR products using primer S2, whereas lane 15—16 represented the PCR products using primer 1.14724 and H15149. Lane 1—

3 respectively represented the PCR products of specimen 1 that separately stored in frozen at ~ 70°C , ethanol and formalin. Lane 4—6 respectively represented

the PCR products of specimen 2 that separately stored in frozen at — 70°C, ethanol and formalin. Lane 7—9 respectively represented the PCR products of

specimen 3 that separately stored in frozen at - 70°C, ethanol and formalin. Lane 10—12 respectively represented the PCR products of specimen 4—6 that

separately stored in frozen at ~70°C , ethanol and formalin. Lane 13 and lane 15 represented the PCR products of specimen 7. Lane 14 and lane 16 represent-
ed the PCR products of specimen 8
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011 3 61022 26 29 4551

011 3 6 10 22 26294551 01 1 3 6 10 22 2629 45 51

B3 ORFE & E 2 E R E T (0.1,1,3,6,10,22,26,29,45,51h) iR 1 3R ELHY DNA B B ik A i
Fig. 3 DNA extracted from specimen 1 at different pre-fixation time (0.1, 1, 3, 6, 10, 22, 26, 29, 45, 51 hours)
A.B.C B ELSBIRDH KA ENIRE
A represented DNA extracted from formalin fixed samples; B represented DNA extracted from ethanol fixed samples; C represented DNA extracted

from fresh frozen samples

B3RP T AR K E RS E X R —fREx 2T 3
Pk 3 /5 R BH DNA FRE R W, ABE 3 AT LLE
Hi , BEE SE i B[] B9 3% fn, 3 FR AL B O Bk B9 DNA K

i3 ODyeo/ ODago b B 5 F5 A 40 22 5E A B 1) #Y
BlF 4% (& 3, B 4), F 3 #ORREF kAR
72 ) OD,0/ OD,g, 157 B 7 ZE 8 B[] A4 38 fin T 1B 3% P&

SFREEEBYAWREE, K(R*E0.4 E 0.7 ZME]),
%3 ODyS ODy R HLL MK
Tab.3 The ration of ODyyto ODyg
bl ko 18] % 3& W ¥ 18] Pre-fixation time(h)
Treatment op 0.1 1 3 6 10 22 26 29 45 51
B DHARTE ODsp 0.53 0.500 0.28 0.38 0.32 0.17 0.20 0.19 0.57 0.66
Formalin-fixed (0] 199 0.31 0.29 0.17 0.23 0.20 0.10 0.11 0.11 0.36 0.43

0D,/ 0D 1.73 1.69 1.69
BERIRE ODug 0.48 0.50 0.22
Ethanol-fixed 0Dy 0.27 0.29 0.14
0D,/ 0D, 1.75 1.76 1.60

-70C K%k 0Dy 0.71 0.29 0.29
Frozen at —70°C 0Dy 0.40 0.16 0.16

OD;59/ OD1gg 1.80 1.84 1.78

1.66 1.62 1.70 1.68 1.64 1.59 1.53
0.36 0.19 0.59 0.28 0.49 0.71 0.64
0.22 0.19 0.38 0.17 0.31 0.49 0.44
1.62 1.58 1.58 1.65 1.59 1.46 1.48
0.67 0.81 0.21 0.47 0.57 0.55 0.77
0.42 0.51 0.12 0.28 0.35 0.35 0.47
1.62 1.59 1.68 1.67 1.63 1.59 1.64

AL B J5 ¥ Treatment Bl 577 B Regression equation R? p
BRERRYE y = -0.0212In(x) + 1.6956 0.4816 <0.05
BHRE y= -0.0411ln(x) + 1.6892 0.6852 <0.05
- T0CIK I y= -0.0362In(x) + 1.7566 0.6156 <0.05
3 W ® FHFEROANEARKEBOMFER, U

3.1 DNA #REUFI# A R Ar{T AT %
/ARG HRXT DNA 53 T AT BB 4 Fh 4L < 18 #fi 15
R DEBRT /R, 2) B T 5 240 1F F W2 B
R, BERERERR _RIK,4) BB B
MIREE AT —BARR DR IFRAR A
FIEE DNA M EA S RAFEM A M S AT 2
EARKEL BEGHEMEBIE, £REE

BROKBESHEOXBRASEANW A, EA
THACRI R B K KRR (K. KE 4 DNA 72 By .45 Hh
BOIBTHEEAR —REXRT, ATHFERRLY
DNA S BB ERM, Hit, 8 EREEBRE
MR A HRIRA DNA RITIRBR MY ¥ 8
R,

MNP HEBRIHRERBRREFERAE PRI
DNA REER FEAZHBHIFEA D, X TER
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1 s HE i B 1]

1.851
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g1.751
8 1.70
1.65
81e]
1.551
1.50

1.45 +—— —~— —— —~— + +
0 5 1015 20 25 30 35 40 45 50 55

B 5 B ()

1.45 % ——s
0 5 1015 20 25 30 35 40 45 50 55
T4 2 SEE P 1)

Ha4 KFE4EARXT DNA & OD ol 55 [ 52 & ot 1] 2 (] 49
EIRX R

Fig. 4 Regression of the ratio value of OD,g to ODyy against pre-
fixation time

afRBBEOHREFHRES ;bR RBABRFOES c RRR

FF7E - T0CTF K RE A
a represented DNA extracted from formalin fixed samples; b represented
DNA extracted from ethanol fixed samples; c¢ represented DNA extracted

from fresh frozen samples

HIRAPRER DK, EHAZRT L, RIAZ bR K
B EBREA R BEESE P TR
{2 B R AR B B FE & 3T AR A 1758 BE I #4
(5CER)LREFLTHMBEM NTREE LS
KHWHAES R, E—-EHNHEAN ZABEKINARS
DNARWFEEREW MAZTEBMNEAHE K S¥mM
DNA =8 272) & & i AE B H (DIT) A M F
327 DNA P800, i@ i3 e B, AT Ih M 4
KER /R SRR AP B TH AR K DNA,

BFEXRRE, BB RG LB ##T PCR I3,
HYREWREHNTICDNA ERKEHERETHE — B

A B AT MR B, X RER M T RERN KM
HESGH DNA HHWRE, ATHRBFEAND
B R, RN RN IB#T T AR : RAESE B
BREOE S KR 35—40 K, FH HAEM e K &
— 35 52 LB ] D25 R B 3 2 4R T RO 9 GB KR
B, Sato EIANBEHNBAKBEESHIERD
HARTEAT A DNA =P M ER R HERFR
=H,
HTRIERINMIBROARRERAS PREANY
H 5 DNA BRI {E ¥, RATH R — S B R —3 &
it R R i 4b 38 5 Br 3£ BUAY DNA,# 47 T PCR ¥4 7=
WHBMFERMFES M, GREH, R —mE%d3
Fh o AL B G B9 DNA ¥ 3 =4 % 5 - — 5y, 688
BRATBEBRAY HFEEEREBEN,
3.2 HRa4EEMREX DNA RERE R E
BRAERNH LB S K8 RDHRERFERE
B DNA #RRE# AT RT3, BFE S 8 SR /R D MHAR
A (RFE 44 4 ) FHAR DNA B, BRATAREEY W KA
BXHY PCR F=Hy (LA 1 L14), 3 R Y1 5 MUy IR R AT
BBAEUTRATE: —RIFENREFER, D —1 R
Ab BEAR A B FE A )17, ARA R AR 4E RS & DNA
BRI R, B RERDHRRFENIRSREMR
o AR FFET Al S X AR A DNA B W R 455 § 20
BRATMEE 5 SRR DR FIRE (R 8] K 50 )
i 4y 1000 bp # PCR P= 4 A 1R 47 #biE B 73X —
Ao BMBERMNTBRER , BMNN L ERE N ER
A [E] X 42 B DNA R B FI/G4EH PCR Al BERR T
MY EZENEM, R, 7R & ZE # et E P9 A8 R
DA B2 R A PR ELE DNA K FE Y
DF KGRI , BB B R TF N R FE A5 4 9 DNA
SR IKGRERSHE RRBRERED,
OD,q,/ODago B BT LA FZ Bt 4 DNA HIBRMR R B3]
R ELB LR F O, 4 5 2 8 5t /8] 3t F R R 4
KB THAK DNA FENRENEBEYW, &
3 0D,/ OD.go {EL F1 421 3 FiE $18) B (6] B9 ] U9 il £% , AT
AR H R4 ) 4k 39 3E 78 B (8] 7E 6h LA B, WA 4= b
EHUH) DNA #) OD,ep/ ODpgo tLAE 2 T RS S, 1
SR VLIRS o DNA f R £ 12 B o Bl 22 i 33 5 7 Ak 28
FEHE B (6] 7 6h LA BB, bR A DNA R EREE#
Z HER2RE., RNOEED AT RN EE
22—26h 2 (6] B , # & DNA B9 OD,q/OD,e (A /NG
EF, XL AR S DNA B 5K # (3551 2 DNA
KBBEENTH)NBERENRNAE -8 X
R, FURNEBN  BAREFENREENS
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BUTE 18 ORAS T S EAR A FE T2 /5 &% 48 A9 B [B] A b 3
FRAS, X EEA SRS R ER DNA F B,

4 & B

ETURAEHARHEMALNSEETKEE DNA
BIBEIT 45 5, TRATT7E SE 16 b R BURE B 36 B 2K i AL
ML /E NI DNA B 6. 7EAR A RO A 40 3
B KRN PRER . EEHmE 5 T&
EWMTFEHEBATHRABRIHK, LU KFER
DNA 5EAZ MK EDR TXREMEH. Hx
B WE M K fE FH (DTT) B0 A 135 1L B 8] #4
EKESEF TEHEER DNA B, PCR ALK
R AT 5 IR B 1 AR JOR B R R S R UE
TYHMRINE, BmEZ, RAE LA
RER, S NBRDHRETERA DR ¥
DNA £ 84 B Y T BEMITZF Bt I
oL TS A B — R AR R B MR R R R A
RECFY 3 DNA WA fT k. REXFM T EEE
UERXWP R, TR PEFAVBEREK, B EH
LHEBIRBIEAEMN DNA K FRHEMTEHY %
ZHR,

ELELR P, AE /R DA E N AR A o 3R B
¥ DNA BRI, TLLE R EHE AN B/R DA EE]
FEDNA XM, #M S B =EBS BRI R
B, MMAATERES THTE KK DNA H B, X
WHBAR D AR STE DNA WK, RE
B/REMEFE DNA 5EEHZ AIMACEE X Fh B
SRR B DNA EHBESIBEPHEEA R
—EBHiF, &R ER KN DNA IRER KM A B
M. EXMEHERNE—-IATEMSE, YRAE
B BT IRE T EHEBR B R SR mE, &
ZERRTF , BEMAS B K BX DNA, T #5 i DNA MU
HMEWEHTREEERNHEH: — BB FTELRF
DNA W R B R Rlid 22 3B DNA # M 3, XN R
B AT LAR A $EEL DNA J5 52 Bl 34T PCR 3™ 3% 19
FERBR; R TR WEREE KSR
HIPEf#E. DNA WL FRR AR E, EBHEALR
" ,DNA MZH A LARET B 3165, MLk
JEREWIKBREMIERSITE DNA DR R, X
NI BEARAFEE . BT, YR ATARAE o 7 &
RT3 THEDES BRI RGEF IR, —
E B 18 B E & ZE # A (8] % DNA B9 W, Pik B &
BMRMBFRE B IF B9 b5 A1 5 BUEE# B, A4 AT LA
RELERRIINILE,

B gt

B R B A YRR T AR PRI R AT
2k Gl B 7 R E SRR GRS £ 7B L1 X R
HRATHEOEY FMEXFHRAIBRLERERL. A
oL VEE S ER R EWBE L EXRIT R
ERBURRECEH .
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DISCUSSING ON THE FEASIBILITY OF LARGE FRAGMENTS DNA EXTRACTION
FROM FORMALIN-FIXED FISH SPECIMENS

XIA Ying-Zhe', ZHANG Chun-Guang?, CHEN Yi-Yu®, SHENG Yan* and SUN Yue-Hua?
(1. Beijing Normal University , Beijing 1008753 2. Institute of Zoology , the Chinese Academy of Sciences , Beijing 100080, China;
3. Chinese Academy of Sciences, Beijing 100864, China; 4.Renmin University of China Beijing 100082)

Abstract: Formalin-fixed specimens were of profound importance to the study of evolution, systematic, phylogeny and genetic
structure of populations. However, the PCR analysis of DNA isolated from formalin-fixed tissue could be difficult because of the
inherently poor quality of template DNA available for amplification. As a consequence of fixation process, DNA was complex with
proteins and is often nicked, giving relatively short fragments. Such samples were often of low DNA concentration and poor quali-
ty . Formalin-fixation had a profound effect on the molecular arrangement of nucleic acids in the tissue and resulted almost invari-
ably in DNA degradation of various degrees. Extraction, purification and amplification of DNA from formalin-fixed tissues were
influenced by a multitude of factors. In this report, we introduced a method of DNA extraction and PCR amplification of relatively
large target fragments from formalin-fixed, fluid-preserved tissues. Main modifications include: long-time preservation in buffer,
short-time heating, and drying in a vacuum centrifuge during pre-disposal; more proteinase K and sodium SDS during extraction;
performing PCR immediately after digestion, prolonging annealing time, and increasing the number of cycles. The feasibility of
this method was tested by PCR amplification. The nucleotide DNA of cloned products from formalin-fixed specimens were se-
quenced and the results were compared with the sequences obtained from fresh and ethanol-fixed tissue and published data. Com-
parison of the DNA sequence data from the formalin-fixed tissues with that from the frozen and ethanol-fixed tissues demonstrated

this method is reliable. We also found that the pre-fixation time could be an important factor determining the quality of DNA.
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