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BEIG 2 S SR BE, SV RE A0 A 1 i e A A
iR A BEFRAS, EDTA Hukt, 40 oEia P2 i
RA(22). MEvaPEBL I I 46 40 G 2 RAEB(22).
HMeVE VE TR e A0 A6 40 B 5 22 RAEBt(9). &
PR B 86 40 M 1 I AML(33) R0 H A 20 (f0. 45 742
BERFPEST ML /MR BT, HITE)(22)38
541, Ficoll % FERAFE B0 53 B BN %41 M.
1.2 RNA ##112 % cDNA &5

X H Trizol(Invitrogen 2\ &) ) %4 fift ¥ AN 4% 41 Y
(1.0x10%, MRAEERAED V7> 2200 RNA. At
DNA T4, H DNAase 4b 2 RNA £ 4. RNA [f]
WP ] SmartSpec™ PLUS(BIO-RAD)I %, 200 ng
B RNA H T 10 # % cDNA, 50 pl & B & & 4
e 10wl SxZEm, 1 wl 10 mmol/L dNTPs Vi

AW, 2wl 10 pmol/L 7SBENLEI 4, RNA 6
71| (RNAaseOUT ) 40 U K MMLV ¥ ¥% 5% i 400 U
(Invitrogen A ). FEA& 65C & 5 min, 37°C
60 min, 70°C 15 min, —20C {#47 % H].
1.3 MLPA-BFA 5t R BE&%FERIZIT

FEELDR P A ERUR T A S 2, R
TH R H H-MAPD 71 23 I Oligo 6 5194 A1,
BF—XF MLPA FREFH 55 2o 4258 7 511 (LPO) K A7 il
248 P HI(RPO). T J5 42 PCR ¥ 1E 7 514047
LPO ) 5%, 519471 RPO [ 3'%i, HfEk
BRI A B AN ST IR AL T RPO, T (1)
WEFFH % TR cDNA, JPoifs B L 1.
LPO i1 RPO 7E4E cDNA J3 41 (¥ AH & A7 B B K 4448
I AR e SR, SR AU AT BRSO
) [f A0 2 7=, (R INF 22 )8 A, mRNA R EST %44
TR IR e A, 0] B AR 2 A A1) Y (1) BY
R

Table 1 The oligonucleotides used for MLPA-BFA

Oligonucleotide

Sequence(5'~3")

GAPDH-LPO
GAPDH-RPQO"
GAPDH-TAG?

GAPDH-CONTROLY
RAC2-LPO
RAC2-RPO"
RAC2-TAG?
RAC2-CONTROL?
Rap1GAP-LPO
Rapl GAP-RPO"
RaplGAP-TAG?
Rap1GAP-CONTROL?
SPA1-LPO
SPAI1-RPO"
SPA1-TAG?
SPA1-CONTROL?
RhoBTB3-LPO
RhoBTB3-RPO"
RhoBTB3-TAG?
RhoBTB3-CONTROL?
Forward primer for PCR?

Reverse primer for PCR

GGGTTCCCTAAGGGTTGGAGTGTGAACCATGAGAAGTATGACAACAGCCTCAAGATCA
TCAGCAATGCCTCCTGCACCACCAACTGCTTctttaatctcaatcaatacaaatcTCTAGATTGGATCTTGCTGGCAC
GATTTGTATTGATTGAGATTAAAG
ctttaatctcaatcaatacaaatc
GGGTTCCCTAAGGGTTGGACTGAGCTGCACTTACCTGTGAGAGTCTTCAA
ACTTTTAAACCTTGCCAGTCAGGACTTTTGC ctttatcaatacatactacaatcaTCTAGATTGGATCTTGCTGGCAC
TGATTGTAGTATGTATTGATAAAG
ctttatcaatacatactacaatca
GGGTTCCCTAAGGGTTGGAGAAATCACCAGCATCCCCGAGACAGAGCCAC
TGCAGTCGCCCACAACCAAGGTGAAGCTCtacactttatcaaatcttacaatc TCTAGATTGGATCTTGCTGGCAC
GATTGTAAGATTTGATAAAGTGTA
tacactttatcaaatcttacaatc
GGGTTCCCTAAGGGTTGGAgaactccatcagcaggatcatgtcggaggeg
GGCAGTGGGACCCTGGAGGACGAGTGGtacattaccaataatcttcaaatc TCTAGATTGGATCTTGCTGGCAC
GATTTGAAGATTATTGGTAATGTA
tacattaccaataatcttcaaatc
GGGTTCCCTAAGGGTTGGAGCCATGTGTCTCCTGATCTGTGCCGAGATGT
ACCAAGTGTCCAGACTGCAGCACATCTGTGA caattcaaatcacaataatcaatc TCTAGATTGGATCTTGCTGGCAC
GATTGATTATTGTGATTTGAATTG
caattcaaatcacaataatcaatc
GGGTTCCCTAAGGGTTGGA
GTGCCAGCAAGATCCAATCTAGA

D Represent 5' phosphorylation; ? Represent 5' aminolinker C12; ¥ Represent 5' biotin.
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7% T RAC2. RhoBTB3. SPA-1. RaplGAP
H1 GAPDH (1) SER% 11 BRBRAE 5" i b A7 28 FEAE 1 1)
12 BIEE TR 1), nl B = AR 1B 1) 77 X
LM IE B BRIEA TR BB 24 3.0x10° AN Tl Bk
(SPHERO TECH, Catalog NO CPAK-5067-5B, USA)
JnF 200 wl 0.1 mol/L [¥) MES (2- [N-morpholino]
ethanesulfonic acid, Sigma A A, USA)Z M,
12 000 t/min #5.0» 3 min, % B3, WMEREET 62 ul
0.1 mol/L [ MES 1, #RJE A 300 pmol SE4% 1
BRFRZEEHII% 25 |l 0.1 mol/L MES, 5 30 pg EDC
(N- (3-dimethylaminodipropyl)-NO-ethylcarbodiimide,
Sigma 2~ ®], USA) B & H i 1) 25 pl 0.1 mol/L
MES, pH4.5. WRGYITEERIRG AL b 37°C W5 AL
7 30 min (130 r/min). FE & ik EDC 4b & 0 &
B2, e a IR E I T E K %2 80 min, 2R
Ji B 1 ml 1 0.1% SDS (Sigma 24 @, USA). 1 ml
0.02% Tween 20 (Sigma A 7], USA)FI 1 ml TE 2%
M (0.01 mol/L Tris-EDTA, pH 8.0)% ¥Eik 1 X,
B 5 &7 T 200 pl (1 TE 22 pP#(0.01 mol/L Tris-
EDTA, pH 8.0)1. 5 FAS[a] (1) 5Ek LUAH [F) AR R
o IREWEAE T 4C A& .

1.5 MLPA &

MLPA 5 W AR ff = MRC 72w [F1 U8 B 1D,
JUEME L3 . 6 wl cDNAs, 1.5 pl HEHE AW
(% 4 5 nmol/L), 1.5 pl MLPA £ pf' ¥ (MRC-
Holland, Amsterdam, The Netherlands) #& & 5 T
95°C 5min, #RJ57E PCR X I~ 60°C & 16 h 5it
. B KIEZAFRINA 3 ul ligase-65 buffer A,
3 wl ligase-65 buffer B, 25 pl EZE/K, 1 pl ligase-
65 (MRC-Holland, Amsterdam, The Netherlands),
T 54°C WeRE SV 15 min. 3% 42 B8 1 98°C A
5 min Ki&, S7YRIW T )54 PCR R .. PCR
RNARZR A 10 pl BeEE =4, 5 wl 10xPCR ZZ 4!
W, 6 pl 25 mmol/L MgCl,, 1 wl 10 mmol/L dNTP
BAEY), 2.5U Taq B, 1 wl 5 514(10 pmol/L),
26.5 pl HE#E/K, PCR AT 30 MEHS (95T 20 s;
60°C 30s % 72°C 30's), )i 72°C ZE{H 5 min.

1.6 %ERIMIIEG 1 S H9E4E PCR

& MPLA PCR /=¥ Hl #% & 4t V) s 1
(Exonuclease T )AbHER L A 519, KRG A H#
HESIYE )G PCR(UINAEY #51Y, 5154
B R FARZE P HANY) PCR ). #RAEWR
16 wl FEZE/K, 2 wl 10x PCR ZZ19, 2 pl 20 U/pl

Exonuclease I V5, M 1 wl 5% % 20 ul PCR
P, 37°CHEE 30 min, 80°C ¥ FE 20 min. 21 pl
FEMIT NN 4 wl HBE PCR SIMRAY, 2.35 ul &
2K, 1wl A B 1H9(10 wmol/L), 0.4 ul
10xPCR B &4, 0.25 pl Taq i (SU/ul), 7E PCR
X _E(PE9600) T ¥15% PCR, FEF41 F: 95C 5 min,
PCR 12 MEFRF(95T 30s; 60T 40s Jz 72°C 40 s),
)5 72°C ZEAH 10 min.
1.7 H¥k5S PCR =3

YEAAE RN, 5wl IFERIE &Y, 25 wl 1)
2 x TMAC 233 mol/L S ALY %%, 75 mmol/L
Tris, 6 mmol/L EDTA 1 0.15% H #: ik Il % 2 4h
(sarkosyl), pH 8.0)(Sigma A ], USA), 10 wl HE7
JKIIAN 10 wl i PCR 975974, PCR X | 94°C
5 min A PE DNA K#REE, R85 52°C 2448 30 min.
1.8 ZLRFEHIHIAE

R AL (T ER 12 000 t/min B0 3 min, 2
3, BAPBS Uil 14k, ARJGEIET 50 wl PBS ',
BEN 5 wl Streptavidin PE (20 g/ml)(BD Biosciences
Adl, USA), ZEiIEALMCE 15 min, JIA 200 ul
PBS, a4l Mk (BD FACS, USA). %:ff
ARSI 5000 ANER, B 1K, BHAE BT R
R FEERAE . W56 BT H 1 43 Bk (Spherotech) >R H]
488 nm 1Y, 635 nm WK G, 7E PE-Cy5 iliE 1
WA, MAE PE AP AT DO, KILEEH PE
FRacP kAT, A — Rk R A 2 AN BEOR G R K
M= 635 nm IR G R KRIX 70 & Rk, 532 nm
(R8RS FH RN 2 3 2 2 24 A2 PCR 724 L [¥) PE %%
e HE B 1), BERP ORI 35 98 6 8 B2 (MFT)
HHAES B84 BHPEDS 5 € O MFL & 115 53¢
YL (BFDF 2 £%, 1 BFL B 5 W& P ek fl
IR 258 I = A2 1) MFL 3B P 3R A . BN AEA 3
AN, RIS R ER ) ML, HUSME, RAC2.
RhoBTB3.SPA-1 1 RaplGAP %} GAPDH [{JAH%} %
ik P 1 LA R A
1.9 E MLPA-BFA 9%, REE. $HFHMH
BEEM

SR ARSI S 56 P R ABRE S S L AR B 1 s A%
TR MIkbR P4 B AN, R DAFHOFRE, M
RAC2. RhoBTB3. SPA-1. RaplGAP 1 GAPDH,
435124 0.001. 0.001 25, 0.002 5. 0.005. 0.01.
0.0125. 0.025. 0.05. 0.1 il 1 wmol, DNA ¥#J&
SmartSpec TMPLUS(BIO-RAD)I 5& . 5 S 1 3d i 7
TP ER T I AN ILA AR TR 1) 4 BT AL AT IR
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Fig. 1 The liquid beads array pattern of the expression profiles of RhoBTB3, SPA1,
RAC2, Rapl1GAP and GAPDH using flow cytometer
(a) The blue fluorescent beads were confirmed first by FSC and SSC about 5.1 pm by R2 gate. (b) The beads consists different intensities of PE-Cy5

which labeled different oligo tag corresponding to different gene were differentiated in PE-Cy5 and FSC channel. From R3 to R7 gate, the labeled gene
was RhoBTB3, SPA1, RAC2, Rapl GAP and GAPDH separately. (c) The positive hybridizing signals of PE were observed in PE-Cy5 and PE channel.
From (a) to (e), the signals represented the RhoBTB3, SPA1, RAC2, Rapl GAP and GAPDH separately. (d)~ (e) The frequency paragraph of PE signal
of RhoBTB3, SPA1, RAC2, Rapl GAP and GAPDH accordingly, MFI could be got by them.

BEAT . RV A 3 IR B R
(200 ng, 20 ng F1 2 ng [ /4 RNA)FIHL— & (200 ng)
(1) 5 AMFEAL BRI R 52 B
1.10 SRR EE PCR(RQ-PCR)

519 J¢ Taqman R4l HH Primer Express 3.0 il
Beacon Designer 7.0 #fF ¥ it, L3 2. RQ-PCR
7E BIO-RAD iCycler (BIO-RAD, USA) PCR{X |58
B, KNARRJ: 2.5 ul cDNA, 13.5 pl HZEK,

1 pl ANTP &4 4(10 mmol/L), 2.5 pl 10xPCR 2%
MW, 4 wl MgCl, 25 mmol/L), 0.5 pl L3754
(10 pmol/L), 0.5 ul FiF514)(10 pmol/L), 0.25 pl
Tagman £ £} (10 wmol/L), 0.3 wl Taq KF (5U/ul,
Promega /A, USA). 95°C T 5 min, b5 40
A~ PCR fi¥f, 94°C 30s, 58C 30s, 72°C 30 s,
ANER BO SO, KR ZKAE TGRURT, %
FER AR R IR I AACE 77 3

Table 2 The primers and Tagman probes for RQ-PCR

Forward(5'~ 3")

Reverse(5'~3")

Probe(5’ FAM~ 3’ TAMRA)

RhoBTB3
SPA1
RAC2

Rap1GAP

GAPDH

AGTATCAGGCCAGTG CGTTTG

GCAGCTCTCTGTCGGATGAG

GAAGCATCTACCCGTTCACTCC

CAAGGTGGGAGAGAGAGTTTGAG

TGGGTGTGAACCATGAGAAGTAT

TCGAGAAGTGTACCAATCACTGTC

TGTCTCACTGTCAGCACTGG

CAAGTTGTGGCAGCAACCATC

CCCCACATATCACATCCTCCTTG

GGCCATCCACAGTCTTCTGG

AGCTGGTGGTCCACGACTGTCCCG

CCCAGTCCTGCCCAACACCACCC

CCACCCCACGCCTGACTCCCCTC

CCAGGGGCTAAGCTCTCCACACGG

CAGCCTCAAGATCATCAGCAATGCC
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RAC2. RhoBTB3. SPA-1 il RaplGAP #{ %}
GAPDH ] % 1A 2 5 il ik wilcoxon JE S 45 11 K&
SNK VETHS, Stk & Pk RV 40 4, B4 PR i
AR B AH OGS B A VAT

2 & R

2.1 MLPA-BFA BSR4
MLPA-BFA % LU SERAE 0.001 25 £ 1 wmol

(2)

300.00000 [

200.00000 [

E .

100.00000 -

°

0.00000 |

v1s A AT AG 2B P95 5, A 242k 1 pumol
RPN, BRI TR R A ik 1) BEL A2 2
JE LR T I, 5 AR TR N AR R DA 2 Ak v
3 0.002 5~0.1 wmol(Pearson’s r, P < 0.001). LA
RAC2 WACUKRME R UK 2a, AW MLPA-BFA R
ARG R R, EeEE R e

R Sq Linear=0.946

0.00000 0.02000 0.04000 0.06000 0.08000 0.10000

c/(wmol+L™)

(b)
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R Sq Linear=0.976
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1 1
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020+ .
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Fig. 2 The linearity assay and the reproducibility assay of MLPA-BFA
(a) The linearity correlation existed between the concentration of oligonucleotide complemented with the tag of RAC2 and MF]I, r=0.9973, the linearity
range was from 0.002 5 wmol/L to 0.1 wmol/L, the correlation was analyzed by ANOVA, F = 88.341, P <0.001. (b) Series dilution of origin RNA(200,
20, 2 ng) were used to detect the expression of RhoBTB3, SPA1, RAC2 and Rapl GAP relative to GAPDH, there had good correlation among the three
different concentration specimens, and no difference were found between each(P < 0.001). O: Undiluted, 1 : 10 diluted; O : 1 : 10 diluted, 1 : 100

diluted;

: Undiluted, 1 © 100 diluted. — : Fit line for undiluted, 1 . 10 diluted; — : Fit line for 1 . 10 diluted, 1 : 100 diluted;

: Fit line

for undiluted, 1 : 100 diluted. (c) An interassay was performed with 5 different samples, and the two assay also had good correlation and no difference

(P<0.001).

2.2 MLPA-BFA RS MHFES S

MLPA-BFA IF 5 75 AN [A] (1) sl 3k rh R R AT X
AAET, RGN N =R 0.1 mol 1,
FERPGER ) B PEAS 5 W35 8 T BFLL, T [ I At 4
BRAGAET PIE. WEIEAF LS RNA WS
FEA ) A RIS 52, MLPA-BFA E A3 8 4% 1)
FEHREMEWP<0.001, & 2b,c).
2.3 MLPA-BFA il #8 £ H RKiA1LE

K Hl MLPA-BFA Al #E 3 DA (1) ik 1%, A

RAC2. RhoBTB3. SPA-1 il RaplGAP % GAPDH
(VAR FIRTE 5 ARSI A v 38 A7 7 b 2 Pk 22 e ()
B P<0.0001, P=0.0491, P=0.0206}P=
0.004 6, K 3).
24 MLPA-BFA 5 RQ-PCR 89—&%
ik g BAE R RQ-PCR KIE, 2 ANSZE )7k
P Ak gl B 5% A%, RAC2. RhoBTB3. SPA-1 il
Rap1GAP YA AHIE R 754 0.930+ 0.946+ 0.945
% 0.921 (P<0.001, & 4).
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Fig. 3 The expression pattern of RhoBTB3, SPA1, RAC2 and Rap1GAP relative
to GAPDH detected by MLPA-BFA in different testing groups
From (a) to (d), there had a significant difference among five groups in total of the relative expression of RhoBTB3, SPA1, RAC2 and Rap1GAP to
GAPDH(P = 0.049 1, P = 0.020 6, P<0.000 1 and P = 0.004 6).
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0.00000 0.01000 0.02000 0.03000 0.04000 0.00000 0.05000 0.10000 0.15000 0.20000
RhoBTB3-RQ-PCR SPA1-RQ-PCR
(©) D 1.50000
1.50000 -
P
2 £ 1.20000
5 Y
= 1.00000 | § 0.90000
3 S
a 2 0.60000
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Fig. 4 The scatter plots were analyzed between the results of MLPA-BFA and RQ-PCR
From (a) to (d), the panel was corresponding to RhoBTB3, SPA1, RAC2 and Rap1GAP respectively, and the correlation coefficient was 0.946, 0.945,
0.930 and 0.921 respectively. The RQ-PCR results were coincident with MLPA-BFA perfectly.
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3 i A BT HAUSYE, JE4E% T PCR P25 Tk Ay
; e

| . ONE LAMBDA A1 LIFECODES 7 2000
SETF R T 2 ok g i 1) Gt 2 40 M e B R LA
KW, X RS T, AL DR T
SEPRIC Y S5 T AR B N XA
gh A A AR R ER bR L B AR 73, e
TR WO TR IR HR a7 A P 35 2 4
A4k, SpheroTEC 45/ w) T il (1) (1L 5% e Bk
RYVEA AR PE-CyS RNGHREE, ANFEMFRE T
HIRLS T AN F R BE IR, Rk, R4
SN R a] R N EAT VR 2 A R I AR B N, A
Luminex 18, % 0] [FIA 100 MAF Y. X
T3 S AN [ R R DX 2 AN ) R BE IR, sl i ik 5
TR m A R TR R AR . UK. FE
St R EENE A A

A NI, AR AN FH T3 A
FARTE ST, B DR I R 20K F A4 S
PHOEOR, HABEMCE R mRNA [FIRIERE. K,
T PG AN AN O U DR R TA T ) R R R g
BHAR, T MLPA SR Wl 2 I ZESK, ki &
ARSI AR R T R AEAT 2 % A DGR R (1) R IA
],

MLPA [1J4 7 1 38 1ok 76 4 1 6 2 20 BROR ARAIE
AU R HH J5 8217 PCR § 38 Kk sk A, 7ER— AN
I A5 v ] ] IS U 22 AN R R . MILPA Kk ik
P AEIREL o TR PR SE . BIARUT 41 ] 1 28
XA, P ERET B 7 A\ bR 2538 B ik A1 4 11 15
T RATRA T AT Web 1 TR A,
H-MAPD, ‘& fig H 8 4 Fl ik £638 FH T 3L I 41
DNA [f] MLPA K%, (HE A KIE S mRNA, [
I, iS4 A Zi T Oligo 6 %A% 8T VP4l vk ¢,
WHATRE, REFEB AL . 8%, MLPA -
/BRI N =ARERY € - R (B S Tl 5 1% NSRS
AN AL E, EEME, ARk R,
BT I N A TEF R R T LRI K R e
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Development of a Bead-based Liquid Array
for Analysis of Gene Expression Profiling”
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Abstract It is well known that the gene expression profiling can be detected by RT-PCR singly, or which can be
detected by cDNA array in large numbers, however, to evaluate the expression of several targeted genes in a
special regulation pathway, or some interested genes in a certain disease simultaneously, the methods were limited.
So, development of a simple, robust, sensitive, specific and economic assay satisfied the need mentioned above was
very useful, and a bead-based flow-cytometric multiplex assay was aimed to establish. Multiplex
ligation-dependent probe amplification (MLPA) was employed to amplify several targeted cDNAs using only one
pair identical primers, each MLPA probe consisted of two short synthetic oligonucleotides, and the tag which was
coupled chemically to the fluorescent beads was complementary to one probe. Five beads with different
fluorescence intensity coupled to RAC2, RhoBTB3, SPA-1, Rapl GAP and GAPDH were established. Biotinylated
PCR amplicons were then hybridized to the complementary tag on each bead set. Bound amplicons were detected
by flow cytometry using a streptavidin-linked reporter dye, PE. 111 BM specimens were analyzed in total, include
RA(22), RAEB(22), RAEBt(9), AML(33), and control group (22, including hyperplastic anemia, iron deficiency
anemia, aplastic anemia et al), and the difference of the transcriptional level of RAC2, RhoBTB3, SPA-1 and
Rap1GAP relative to GAPDH were analyzed using wilcoxon non-parametric test and SNK method among different
groups. The results were confirmed by RQ-PCR. The bead-based flow-cytometric array had an excellent sensitivity
and a wide linear range, could get a positive signal for PCR product from 0.002 5 to 0.1 wmol, the fine specificity
was proved by no cross-hybridization signals presented among different bead set, and the reproducibility were also
good enough(P < 0.001). The expression profiling of RAC2, RhoBTB3, SPA-1, RaplGAP and GAPDH detected
by this liquid bead-based flow-cytometric array were obtained, and there existed significant difference among 5
groups ( MDS-RA, -RAEB, -RAEBt, AML, and control group )for the relative expression to GAPDH of RAC2,
RhoBTB3, SPA-1 and RaplGAP (P < 0.0001, P = 0.049 1, P = 0.020 6 and P = 0.004 6 respectively). These
results were validated by RQ-PCR, and the data obtained by each method had close linear correlation, the Pearson
correlation coefficient was 0.930, 0.946, 0.945 and 0.921 for RAC2, RhoBTB3, SPA-1 and Rapl GAP respectively
(P < 0.001 for all four). A bead-based flow-cytometric multiplex assay for rapid assessment of gene expression
profiling has been built successfully, and it was validated by RQ-PCR.
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