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Table 1 Comparison of simultaneous extraction methods with single extraction methods™™
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Fig.1 Sequential extraction vs. simultaneous extraction techniques
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Table 2 An overview of simultaneous extraction methods and their advantages and disadvantages' "
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Table 3 Characteristics and advantages and disadvantages of four methanol/chloroform dual extraction methods
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P )E, BEONEZRE, R T RS Ry
B, WFSE G ATARYE ELARREA R (a2 2L =
JRFL & S M 2By T FsEs His, &
il 2 Jm R R S R X RN R
“DIRRG N, ERRALS TR
SPRAE N PR B AR ) R AR . dE—20 X Fha)
BRG] S bR G456, Clmla . 1]
AR RN AR, R A A S it
HEAL HAPEAR i %

2.2 TRIzoli® 7%

TRIzol 31— Fh 25 A7 B A S5t U R DI 24
WA, FENH T DNA, RNA HIE 5 32
B2 Kao 55 27 BB ST T —FhOWUT 4 O
2, H B R ARG e ) o T AR . R
[ BAEEE (K2) . EemEERrEA,
T 2R, S, AR S . FE
ALLPRE, K FEA BT RR S, JFHE 1 0 10 A LR
A TRIzolIA R . #5F , FHA S TRIzol ik 72
SMRG, WA e 2R, P B E TS

TP S

FE Al AT R 2R R, TRIzol i H
H g S U I 2 R AN, R A P 1 A
oo BETE4CHAE, BTG IR G W 1E 4°C
THEFE 15 min, DABAORANMESE 2200, [RIRS A%
FRmEEPE, PRPRNA M ERYE . RS, AT
AT, HE R AR A 1 ml TRIzol iR 7] il A
0.2 mlG M, BB OCERERY 15s, RIFES
T #E 1S minfHIRA Y )E. IR SR,
T BRI O R AT, DURE SRS X5
BIR AW AE 4°C F LA 12 000 r/min 1) 34 B B .0
15 min, REWKS R3ZE: LEAYME AR
MBS Y, PEKH AR (DNA M
RNA), FZUTTEMAN&AE AN, ARy
FNRIEES, M L EAMA B, 85 il H
HEE (MeOH) o H BEUCT 2ElE (MTBE) fE A4k
WA, A MUAHAE ORI — 2 B Y. g
[ REAAAET LEZANUAE T, v DL R ok
el S0/ HH BT G A T B o T A% 8 DU D v i)
7K AR PRI, 38 H (il S N R ek O BEDTIE AL R
Z it B R R DUTE , IFH 70% L BEVE
FBRA S AR T ICRK

FEARBGE AR, WEERT LS —RAEA
R, DA OR AR A BRCR, SRR EE Y
FEA R AT 100 mg 4HZUE <1004 ; 24
VERF B AEMRIR A T bAT, DU A BRI ]
WD EY T RORE R, SRR B RR . S A
B Ll A O VRO - B
REETy A Tl DR FERI o 33X — e R A
P (sequential isolation) , H[J7E TRIzol %) $& Bt ik
FErP SR HURNA . DNA FIEE S, N8B G
YA AL B ICAE WA TR 27 BF9E R, TRIzol
PRI YITE T3 R S5 A8 58 ROy
PARRIAGCI I . I A TRI-PJZ AT B4R EL
WY, B9 A B R B 2 (AR 2
HEES, HESBE. Flan, W55 A RAE TRI-P
JZE R AR O R YR I B T 2R R, AR
M2, 2280R . HEAR. SAR. BEmR. FAR.
FARARNERS

AR BIFFE 2B, TRIzolI | [FRE AT LU T
ARG FE BT A FRI, AT S IEMEAAN AR [ Fisf
WY T (R . R Mg .
Kao %5 27y 1 £ @ AR AR B i SR U80R . &
AT LA TE TRIzol 24 fif J5 m A A4l (400 ul/1 ml
TRIzol), DAMESRAG HLAHE) 2R . thoh, T
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[ P ]

S TRIzol
WA - 10

SR AR
K A, 5 min

ZARSES p \
o
L 4°C, 10~15 min )
A oz A TR
o t?ETJ% ® DNA/RNA ® i
[ e | [ emwoear | [ )
® i/ MTBE ©® 5N EEDLE & E\'VE;%?? B
® LU ® E A4l P
AR AL 50T AT
LC-MS/NMR RNA-Seq/qPCR

Fig.2 Steps of the TRIzol reagent method
B2 TRIzoHXFE SR
A IR T TRIzoBAF L P IOR R ], (AR . MBS . R AR ST B A0 R . TRIzolia 70 1) FH 193 A0 S 5 OIS ik 4 e,
I A, BEUSIE] R AR —BE AR rPRIRNA . ARG . MTBE: HIEGRUT 25/t (methyl tert-butyl ether) ; LC-MS: AH(Ai%-
Jit % B A (liquid chromatography-mass spectrometry) ; NMR: 4% #% 3L 4k (nuclear magnetic resonance) ; RNA-Seq: RNAl ¥ (RNA
sequencing); qPCR: SEZATZ¢EEPCR (quantitative real-time PCR); WB: R [BTENEE (Western blot)

fefe e, FTLME A « HEE (2:1, viv) B
AW R, fEE R BGE R , ]
RNAse 5% DNAse Zb B 1] DL & bR AT Z A IR AY
A AL R (A EE, T REREFTAE (40 Qiagen
i RNeasy &%, DNAeasy 1 (Qiagen /A F]) ) #4714k
PRI 55— AT S AR T 4B B 535 . i F TRIzol
TR A DR BAAE T B A MBS REAS v [R] R RO R
RSP RGBT, A2 AR AR AR, i,
Kao 55 27 7 X WA I TR AT TR A58 b, df i TRIzol
T 700 B LI ARG P AR I S A g R O v (A
MeOH 1 MTBE) Jir 48 15 B9 45 ) — 3, Tk 1
TRIzoLRF A AT A BLAbh, Xt FERakifiAHEA
Chnifs PREEA SRR 1Y), TRIzoLIAFIAY £ 5 T4
HURE T RENS W5 1T A REA i, L HABRE AR A X
faTof, G SR E W AL A . 7E£# ] TRIzol i 7
BF, PR EAEA AR, DA RS Ay
BIACE, RSO A B AR e I, R

FEAGIR 251 T B S i Je b A (R] . PRI
% . AT MR T 2 o BT . WA
T - TR I A AR A5 VAR Tl B AR A 2

TRIzol 37 A A — Pl 28 8 () A i A i 4538
R, AMLBE m e BOZ R, & nT DGR e Ab R
[FIEH A g o 250, 207 el B B LS
T SR DY) TRIzol 350 224 ff 4t e, I3 3k S5 40
B T 2R LI B RNA L R
WYIRBE T, #AERE, &S/ MEARRB A,
AfERA R R 2 A5 Y, HXTREAR A R,
RNA FEfif s A2l m] GEs2 M 25 5% o 76 B i 4n At o
o, XSRS R A SUNEAS, TRIzolik
FIPIE— AT 5, (H T2 s 45 E A5 1
PUIRAIE RNA (52 fali B X Aoy h 2412
WFFEERAE T —Fpenal . STF g%, Feilid
TESHEAN T

TRIzol A A 1) K S AR T8 K 3 =
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SRRV, AR T AR 2 S F A S pR
WAL AR R AR R o 15 58 TRIzZol VA BUAZ
O JR BRAE TIFTE N G ME LB R A2 5 SR8 B 2R |
FHOT B FITLVE ST o AR RS MG LAT 34
QA IZTTIL . BE, S EA . K TRIzol
GHA 3 %D RE——3R 24 (AR |
PSS (B-58407) MAZRRERT, FFor Mplisr
B, FRVFRRAEREAS SR (AnnE Rk i 2= IR BH
TR B o) PRI RAEAS ) EPE A id RORIR A 5.
U, Mo B R ERE R . e gtk 2 e
AUEL L MRS R, XSIA T BEMLS . Eids]
NWORAE A B F, RSN TN AR B 7 ) S
AN E, AMUBERHEASUR R B TR, ik
RESC L2 )2 AL e PR PESr B (IR 3 stk 5
FERAEACEY . R/ANRNA) . i, DLHELIRAYE

RIT% . IR B BEITIIE A BIRFE IS A 2 1) 2L
W, RO R D Re AL BRI PR AR (A gy
SR AS [RME i 14 B 2R 4l 4k DNA FTRNA) , A{LRE
K4 mmtia], WRESCEE A bt . X Fh i
F-TEH” FIREA RIS, B TRIzol I A—Fh “Fid J7”
IR R . A, IR S
RZ, MINTEA RN 7 5 rh g SC a4z i PR e
PR B USRI BT
2.3 M RFolchik

451 Folch 77 vk E 2 TR BTG HR L, it
SN BRI AR R, SEI R RN
AR 70 B . Hasegawa 55 ' $#2H T —FP i1k
) Folech 4 BT, FHT DBy /IMAFRZA B A
[] s $E UM PR A G389 (U oxylipins) . AEB AR5
¥r. DNA. RNA. /NRNA Fl%E )5,

WRE LS
WA, 30 mghEA
el S
5B: EDTA-KCUKIER YA | A 2 WA &7 - HEE-BHT
[ o0 ]—{ TINTR 77 R 2 }—[ 21 (v, -20°C ]
AR
Hor IR L
2000g, 15min
4 v N\ 4 N\ 4 v N
kA o TR
® AR ° %‘E% ® SRR PEAR Y
\ . I 7 I . I J
4 ‘ N\ 4 * 4 * 3\
s QIAGEN AllPrep Kit TR
it 2] o
“‘%HM*RM}V ® DMA/RNA} YHRC: ST ¢ W=
L ) © TR 10:1(v i v) )
LU AT TP A

Fig.3 Modified Folch method
B3 B RFolchix
A R T B R Folch# Uk TR I, 256 T S05-F B A R Sl ili &, BERS IRl BT LRI . RNA. DNARIZE AT, I kil
SR ERREMBERR R, RS TRREE, LHEH T /AMEARNZH %55 . EDTA: & &M 4R
(ethylenediaminetetraacetic acid) ; BHT: 2,6- U T X F ) (butylated hydroxytoluene) ; NMR: #Z#E3L4E (nuclear magnetic resonance) ;
LC-MS: A% -f 3% B (liquid chromatography-mass spectrometry) ; QIAGEN AllPrep Kit: QIAGEN/A i AllPrep DNA/RNA/Protein
Miniif & JHTRBMEEEDNA . RNAFIZE B .

T A T 1555 Foleh W 2 BUH: By BiC sk i
AR & (1 QIAGEN AllPrep DNA/RNA/

Protein Mini Kit (QIAGEN/AH]) ), DAf £ 4
FWFFE AR A N R RS TR R . A% 4t Folch v
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IR NE BRI VL, ST s -H K Y
PIAAERIAR R (RBILEH 8 : 4 3), HidE
DAYEA B ORAD REESE CEHLA) AR
Yo 2O R L AAE T RE S AL B AN R A () A 4
Gy, AHE EACH T RS BT Ek AR i Bk 2
I SR Y Foleh 5, 1E 4% 4t Folch 14 1 SE 4tk
AT T Mt 54k, LS B £ 4 g0 1 [ I g
B (F3),

WG, WRIE T TR, Hs A A
BESHE 2:1) MIEAW, &6 0.002%BHT
(Fria bR, HBAE-200C, HTHIIHH L2
FURR T EEH, BHT 1E b —Fpd Wi p e e, It
PRI E 02 B 1k R B S G AR o A SR A R
RIS S B EPRIR T, B4 —
ALY, KRS AT BT, S AE Y
i B R B VERA M . BHT REGS A S0 8L
R A 3, AT A s R N T, R
PR R A 5E M. W B A& A 1 mmol/L EDTA Al
0.9% KClRBAKIA, M E4°C, BTEfElt
WY IEA 5 . EDTA R —F &R 7584
R, AL S WP REAEE R SR B (W Fe’ .
Cu%§) 454, IWHRENESY . XELEET
AW oA — LS AL B i R N, YR AR
PR AR . A, EDTA BOFEAE Af L b
HWemsET55Wn (R, EAEE) &4
R RELS S ME RV SR EN S, FHoh T4t
RN/ NS R et 28 S NIITE = B i Gy il
Jitt. W CMIESEMT SHEE (100 1) MG,
FHF R A BGRB8 AR AR . SR 5 L 3]
(IR R T B R PR AR A, B O
WIRFEBUR A 52 22 5% B8 AR A I R e i 72
SyPEIGER, AT R AR AR 4 DR

Hk, ARl HHSREARE T HA
IR A TR VRIS o WA AR AT ARG (i 2 21
REVRZE, FEIRANA PRI, 8D PRI S
XIEE) T R R o TRIRS, YRR A UL
FE IR R R S e, AN A P o RENS
FEOTRERCH K o BSOS ) B AR ], —
P SR FHEG 2 A ) R AT AR, o T o A K40
W, DABRPRZH 2T 5 B e S il B =44 o B
FET] Re 2 FEUEA RTRE T, R T
Ttk ™ WIRAEIET, KW A R B #i—E L
BN AWEE J5 U AR, RS AT IRIEIR A
RS A o, R TR .

TR G I EARIE R B A5, kb AR 2R, DA
SO J 2L B0 AT IR ROR . B AT SO,
0 RS ) T AR AR AR RSB 7 SR A T
1k, —BAE 2 000~3 000g T &5 .L> 10~15 min, 55
WRE CIESMEM) f1 B2 (BetEM), IR+
(1] )22 A A8 5 S AR R AR BRI, T AE IR AR B
R, XA BRI C, BRI TR
BEIR G, il —20 0 B A . X — i R
F T B AR R ROR, i S T e 1
PR FEA T R EAE AR . IRTEIR A FIRE TR
BT ELORAE, FESPIRE AR, HEEC
TR I 78 534 o o T )2 A b EE )
K QIAGEN AllPrep il & (QIAGEN A H]) iff
Iranpu g =, LURIET P2t DNA . RNA, /NRNA
MEH I, 454 RNase-Free DNase (QIAGEN 2y
7] ) 1Y RNeasy MinElute (QIAGEN /A F]) 4% ARt
TR AliAE . BT 3 7. A9 2 R Foleh [R] i 2 1
20 30 mg HEUEAR Rl BT 3R : a. (R &R
—— i 'H NMR GE 38 43 F e (&4t
MR ZE 550 T) , LC-MS/MS A& 72 Fak A 1
AIRE, ik CciRBURIEY Cv BER RS 07
By b, BB ——Qubit E i i 7 1] $5 A5 58
K41 DNA (8 HL UK 0 iE 73 1 B 5 >10 kb) Ty
4li ¥ RNA (Bioanalyzer (Agilent 2] ) #fiTA 18S/
28S rRNA 528 M), IF S0 3/ RNA R vl 4
T AR 58, BRUE T R CHEAR S 1R
W (P<0.01) . BxiR st e K e i s bk b Y25
GULH, IR T/IMEAR Z 4 553 M b 24U
PET IR CHE IR . BLAh, b T o ARSI i &
KRR (NMR) FE#E (LC-MS/MS) &
UERAEFNAEB A i e d e SR, AR AR
[ 5% )38 3 NanoDrop 2000c 436G T (Thermo
Fisher Scientific 22 ) ) 1 Qubit Fluorometer ¢ Y11
(Thermo Fisher Scientific 2y #)) #HfrEm B, I14)
H Bioanalyzer (Agilent /s ) PEAl RNA 9 56 3% 14
(RINAH) ¥ W5k, 0 il ) e R
) DNA FIRNA ZLFE 2 (A * Ay FLIEAE 1.8~2.075
FIN), /NRNA [ 78 2, &8 B i i 2 e
SR ER A 2E T T R

5 f£ 5 Folch Sk AH L, 2l R J5 19 Folch i AN Y
HAr/Fid T . DNA. RNA FIZ&E H R
W4y, I HAEREA R AT DLAL B /N 4
(30 mg), FHAESUEIGMEWK, Mimdtm T3k
WA B SR, I SR 2l 2= . 107
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BiEA BRI, PR 12 A, FE
24 h ORFEAETAIR), FEHED T R4S
2 TR A B W2 2, 1A, EAE/NERUIE
M GRS ISRz E M, AT R R
HAbAPIREA 0 8RN, % it e — 2L R R
P, anrhE] 2RO TRl R &, EUK
Ak, [ S AR A I 2 (8] AT A7 AE 2
S5 YL R RS, T A A A ) o B R A T
il B IALBR R ALK 30 mg R VR LU R
524 m W ARA . WHEJE L2 000g & .0
15 min, FfiJ5 8T Z2A P GEREREY) ,
i1 27K 3 “ IR FEIUS 6T, BRAAERIC
i E] JZ2 FPI AR 2-3i 5L 2 BRI 24 2% vk (Buffer
RLT), i#id QlAshreddertt (QIAGEN A R4 = [y
SrERE) AT R A Ak, LI DNA
RNA FIZE A . 2 K Y Folch i i £t Ak i 77 44
R BEZHSARBURRR, ST /IMEAR T 22
Y15y F 10 s R B B ) B R Foleh il i 44
15-H AR R Ge oy B AR, 454 Rl &
[ IR EUHA 7o EERBRCR R, BB/ IEACH
FAE I Z B Ay, A 2 Ao R e
o AIL, ZTEAR R, WIBEDH S, B
A EOR WA R, HLT A 432 LAk
X5 P A Z A=, R
Folch 7 RE A5 AR i 19 e AT B 1) B 98 A M A A v
[ A D5 F IR, TR ARG
B s AN o AL R AL T ) 30Ky, (R7E At
Wl A E i — 2. X — Tk 2G5
Mrieft ThRiEfIr s, JUHAR IR R R AT 58
H HLA Y A

MK Foleh VA M BELA TE X O H2/IMEAR 24 2%
PRI AR et , (A R R 2 W
PR, ST B bR S AR, R R FFL .
PrRfedb H TSR A5 RS0, Y ik BRI E T
H O “HHIR” FE——QIAGEN AllPrep 25187 £ i)
Bk b2z s SALRIANE A, BRI T kiR
JERAC RIS AT ] o AR HYHE A T7 1) B2 TR
(R B RE, TF & — R SR Ak 2= 2 R [
IR CanAS LR P RERE . BN R B RE A R
BR . RRECE BRI AR ), ISR AT $e T 4 e
BT A4 A . i, EFXF 30 mg iR 4 4UREAR
AR a. KFLAEREAC A K DNA FIEE 5
R b B MIREER R S HESS B RNA; ¢ C18 %
FHM L SR AR 5 d. SRk AVE R R DS

YA . X PP RS> B 5 DL 3 TR 20
AP . A otl, HSAS alfs . SE 2y
B, BN T IRBUS RS TR 0 B AR G
F, EICSREN I LA, PRI AMY
REARAFLUAL R 731, IR REHEWTHBIAL R BT, X 2
AR TR A AR T R BT ARA I R 4E
o 456 AT & MSEn Bt s, X —IFR
R GURIE N EA BRI 1 B 25 1B . AT ik
MR RERBVERS, XA R IARZ A 5 5
R FLIE %A

3 REHREE

bty ZHF R R R RE,  [RIE U CE)
SRR R O A A= YRR A T A B A OB RA Y
ARILRGLR T HEYEAN AW . TRIzol K
Je ol B Foleh 646 32 i [ B H2 O, o34 17 i
HEEE RN, JHRNT T HARIRIRES: . Y
Bl A A S S SR SEFR N o TR
Rt A RBORRE, BERS TR HZCR,
WD T R Z RS R R SIS, iR T 24
SRR — B ST HepE e . R R
a5 H . F H Sequential/mirVana 5 7% 7] M [7] —
A RILRBUCHY . BB S RNA, SZH#
S S I G T, dEoR R A B AR
M2& s TR RGEAY ¥, 2R Foleh LN
HTFIMEAAR RS, [AI AT H2H RNA . 85 H BT Sl
PEAEM A, VR YA R s A o B Ak 4 1
s S HE N TEARRUE R, A5G REER T
1) H A SR 5 508 T £ IEFEAR T DNA . RNA
5Run i, B i wReE e 518
WHE S AESE o ASTR] A B B BT 32k 0 PR e 5
ML 8RR AR N R IR 4 P .

JEERSK, [AINHRIREOR B A2 A s
e PR, (ARG PR e EA R L £
Aty 8l . bR iR R Bk DL S A i il S 2
Pl A —DARAHACR | E M S SHYE, N
TEZATT RFE R T . BRGSO RO
Z—, Bl RoRE S SRR AL RS S S, W
IR AR AR5, SET A i E
AR EREEARE,; Ak S EE AN
A, AMUBERE KRR SR A e AR E R IE, i
AT AR 2E, S KA R A B S bR R
HF Y PR RES ORI R OCHE, W
N EP RO FRRIEREAS (ZHZ) . ik . eE)
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Table 4 Performance comparison of different extraction methods and applicable sample types

R4 FEHREFERMERE LR R IE AFARLER
Jii: PRI A ok &R AR ] [ SR 4 5 A ISR
R e/ 07 BB ea ei i HEL A Y. RNA. AR [5, 16-20]
TRIzoliR % [ (IS [ MY . A . MEF. RNA. & . DNA* [26-28, 30]
% FolchiZ: [ [ i AU OMEAD . 4l ARPEARRPEAR Y. DNAL RNA. AR [4, 31-35]
*DNAFEHGHE 7 T FERNAYREUS , AP R IiE b 7517508

HY bR UE #: /E 2 /¥ (standard operating procedure,
SOP), JFFAeE iyl iRl & W FF i Ak Fii s fls, %
ARRRT B — L 1 R 9

TERJZETE,  [FISEREAA AR B 7
RAFLIRAER], B A TR AATEAS rh R AL IR 51X
WS ERIR,  LAAE 7R iR S B AR YT BB AIL
e TEMBERUEY) MR R G4 Wb, IZEOR
WA T 5 WY - YA BAE R Ak R
2 RS T, HES ARSI E B M &
f&, BrE R BRSO — BB, midnIA
SRR . DO ERSE SIS I TBe, Al IR

Bud R Foe ks 25 aHlars Bk iz
BT S, BERE MR E R ARSI iR B v il

FePOTS, TP AL A B A I R G
WIS RME . FORBS SRR, R
WCEACRE Z AL R RasE . EBF IR BL,
N A AL R SRR AL R IR IS

2 % x #
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Abstract With the rapid development of the biopharmaceutical field, the efficient and simultaneous extraction
of multiple biological components from biological samples has become a critical process for advancing scientific
research. The ability to simultaneously extract various molecular components such as metabolites, DNA, RNA,
and proteins is pivotal for multi-omics studies, which aim to comprehensively understand the molecular
mechanisms of biological systems. Traditional methods often extract these components separately, leading to
challenges such as sample loss, time consumption, contamination, and inconsistencies across different data types.
In contrast, simultaneous extraction techniques address these issues by maintaining the consistency of each
biological component’s physiological state, improving data reliability and facilitating integration across omic
platforms. This review systematically summarizes recent advances in simultaneous extraction technologies,
focusing on methods such as methanol/chloroform extraction, TRIzol reagent extraction, and modified Folch
extraction, which have shown significant promise in improving the efficiency and integrity of biological sample
preparation. These methods offer various advantages, such as reduced sample volume requirements, decreased
contamination risk, and enhanced extraction consistency, which are crucial for studies involving small sample
sizes or precious clinical specimens. Among these, methanol/chloroform extraction stands out for its simplicity,
low cost, and ability to extract a wide range of biological molecules. However, it does face limitations, such as its
inefficiency in extracting lipids and potential RNA contamination. On the other hand, the TRIzol reagent method
has become a widely adopted technique due to its ability to simultaneously isolate RNA, proteins, and metabolites
from the same sample. Despite its effectiveness, the TRIzol method has limitations in RNA quality, especially
when handling complex samples or those with high protein content. Modified Folch extraction, which combines
liquid-liquid extraction with commercial kits, offers a highly efficient way to extract polar metabolites, lipids,
RNA, DNA, and proteins from small tissue samples. This method has proven advantageous in terms of extraction
yield, especially for challenging or rare samples, although it requires precise handling to avoid cross-
contamination between phases. The integration of automated platforms, microfluidics, and high-throughput
systems is another exciting avenue for improving simultaneous extraction. Automation facilitates large-scale,
reproducible sample processing with minimal human error, while microfluidics provides high precision in sample
handling and enables real-time monitoring of extraction efficiency. These innovations not only enhance the speed
and reproducibility of sample preparation but also open new possibilities for single-cell analysis, where sample
volumes are often limited, and extraction efficiency is critical. In addition to the technical aspects, the review also
highlights the importance of optimizing extraction protocols for specific sample types, such as clinical tissues,
plants, and microorganisms. For example, the challenge of extracting multiple components from cancer tissues,
where sample degradation and contamination risks are high, can be mitigated by carefully selecting extraction
reagents and minimizing sample handling steps. Similarly, in plant studies, where metabolite diversity is vast, the
simultaneous extraction methods must be optimized to account for the unique composition of plant tissues, which
often include complex secondary metabolites and cell wall components. Looking forward, the development of
more efficient and standardized simultaneous extraction methods will be crucial for advancing multi-omics
research. There is a growing need for protocols that can be tailored to specific research needs, ensuring both
reproducibility and flexibility in diverse applications. Additionally, combining these extraction methods with high-
resolution analytical techniques such as mass spectrometry and next-generation sequencing will further enhance
the potential of multi-omics studies to provide comprehensive insights into biological systems. As these
technologies continue to evolve, their application in personalized medicine, environmental research, and
agriculture holds great promise for addressing critical scientific challenges. In conclusion, while simultaneous
extraction technologies have made significant strides, several challenges remain in optimizing extraction
efficiency, ensuring reproducibility, and reducing costs. Future research should focus on refining extraction
protocols, developing innovative extraction reagents, and expanding the scope of these methods to cater to a
broader range of biological samples. Ultimately, the continued integration of these advanced techniques will
revolutionize the way biological samples are prepared, analyzed, and understood in the context of multi-omics
research.

Key words multi-omics research, metabolite extraction, nucleic acid extraction, dual extraction methods,
TRIzol reagent method
DOI: 10.3724/j.pibb.2025.0465 CSTR: 32369.14.pibb.20250465



