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Abstract: Pseudogenes, which have long been described as “fossils”, play a very important role in eukaryotic genomes.
Recently, studies on the so called “junk gene” have attracted more attention. Far from being silent, pseudogenes participate
in various biological activities, including being a part in the transcription process, or participating in the formation of small
interfering RNA (siRNA) which regulated gene expression by means of the RNA-interference pathway. Recent studies have
also shown that pseudogenes regulate tumor suppression through competing for the microRNA (miRNA) with their parent

genes. However, a deeper understanding of function analysis of pseudogenes depends on the comprehensive and accurate
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identification. With the sequencing completion of many genomes and the innovation of bioinformatics tools, efficient and

precise identification of pseudogenes have become available in a genome-wide scale. Our review focused particularly on

the method of pseudogene identification, the mechanism of its regulatory roles and its potential to be applied in directed

evolution. Besides, the promising research direction of pseudogenes was proposed.
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PR B 2K FEAILEE I, 23505 5 600
AH 2 700 AMBAERE T, R S KRR L R 2
487 Mb——K 2y 45 000 LA (International Rice
Genome Sequencing Project, 2005) LA S 4L+ &
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AR/ [R) T BE 2 1 130 7 i ik A 22 BE R )
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(i) 4 el oA DR ) 7 2 R T30 AR PR 77 A
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FEYE T Y g AR R BRI BR T
PesE MR ZR A, 5 e i PR R I T AR R 1A
AR Rk BV FRR BN . Bi-
65 35 IR 7 2 S T 4 A AN e AR R i T A e
LRI AR T R ), A AE A2 i v 3Rk
MFEIANREF= A TARSE N . fERh B, &
g8 TSR A SNIE AN R A 2 T U 1IN
) mRNA 43 FIRZ, PTG o= A i e sk i
JEF- I AT REME o WIS A BRREAE 7= A i AR T 1Y)
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Fl L R g A Rt it . A58
PEIAR 19 K2y 80 AR ZwiY, A K%Y 2 000
MBS, B BN RSN, A BRI s
FRAAREELE, — Ay E IR Y DX I S AR
o] 12 22 35 R AR JF Y BUMRBE R, 0 Yang
2 SV 400 R I o 20 8 0 B 11 e ) R TR 0 AT
Br, %2 T 1939 ML A RBIETHEC HE
TR G o A R FE R, 1B RE PR 3 HE Rk [
K, AE[R] oS ARMER  HhOE R SRR 2 A%, BT

z1 FRPHEBEELESH
Table 1 Pseudogene distribution in different species
Species Known gene Y (a) Y (b) Updated Assembly

Homo sapiens (Human) 21292 14 427 22 645 2012.6 GRCh37.p8, 2009.2
Pan troglodytes (Chimp) 17 568 572 8355 201112 CHIMP2.1.4, 2011.2
Canis familiaris (Dog) 5835 950 2 802 2012.6 CanFam3.1, 2011.9
Mus musculus (Mouse) 22 368 5510 15 064 2012.6 GRCm38, 2012.1
Zea mays (Maize) 63 331 17615 Unknown  2010.1 AGPv2, 2009.3
Danio rerio (Zebrafish) 18 695 224 15779 2012.3 7v9,2010.4
Arabidopsis thaliana 27 416 924 4260 2010.9 TAIR10, 2010.9
Drosophila melanogaster (Fruitfly) 13917 164 484 2011.6 BDGPS, 2006.4

y: the symbol of pseudogene; a: data comes from www.ensembl.org; b: data comes from www.pseudogene.org.
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F S AR L AR Ry, BRIITRE AR TT Y
Il A S5 DR 22 il A5 3ok SR SR 3k 1 ik R 3 ot ) B
IRAEAE HIE FBRIERALE B ) — Mo AR
M, HP R o B A Y P A, JEH R —
DR A AS 9IRS A AR 2247 T RE Y ik
KIS TC I BE

X TAREERITEGL Ak 5340, ANRIFG
BRI . BER: Saccharomyces cerevisiae H. &
HH A 98 MEFEHA 44% 7 A T s X 3k,
& kiR E U B D, melanogaster K3
ax| -8 SR B TR e e A BTN (1S N e
JRENRWT, o b FE 22600 0 i TRE R H
B L IO ST Rl 4350 5 SR T B 2% 2B S I
HZF DNA EH#e, i 22k A #I% GC
iy T S E PRSI T AL N A ],
FEBGERTEG AR EO e R, K AL
GrA . EHAREM GC E i 3 R RENCH B
M i P R sk 583 o I AR i PR A1 5 i PR A1 hy
TEARDG, RV Z b A 7E BE 3 X B 2H X
TARFER 3 A A AR . X T GC & &,
BEEA R HN RS g 2 (A B OCHR . £
ot i 2 250 I DR B R R I, AR R
L GC & HE A Y OC R 23 H i 56 1Y TE AR DGR hy 11
AR, 1K B A S MR IR B K TR & 1
(>400 bp), MM TAFEHNWZES GC &
Z I EIA b A ek

2 REARERRE

4 5 R A Y L PN 2R A A 3 T R AR IR
 F % 4§ PseudoPipe .
RetroFinder. REGEXP %)) PseudoPipe J&—

PseudoFinder .
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P [l P PR R 4 T S AR R 1 s,
FEEl A Blast™ & 8% L AL 2 1151 Y
FEHATH, SRIG 238 O R g 5L R T 51 il
B E LAY (http://www.girinst.org/repbase/
index.html), 4 [F]—J5 [n145- 53 fe o B 2R P SRR
P& F R/ MR AT A IR P [
W& TR T4k . SRR L T B 5 A8 45
B 5 DR AR E ] T T 4] v 3 s s B ke o 19 98 728 288
RURI B, DT % e S B IEIN . Zheng 5P
Pk PseudoPipe 1 R Al A7 1 AEA - 7ERAGHE L
B Boe, st SRR - E T BTEAL,
WA Y A XTI B I 64743 28 (PseudoPipe %5
SEVFRMIE 1 F7R). Zou 451 % IR S+ A1
IKABR AR B A ] B3R D7, IR AR R A
HEAFHNFRIBT-NE PG E, 1TE
SYREATE AL, Sl EOR R A3 H AN
AN TABE PR D) Bl A B IX

B T PseudoPipe, HAtARMI/INH A 47
PRGN T A S EE R iR R R
92 FH PseudoFinder 771k, 3@ i[RI JR DT IE
(Homologous mapping) &€ T A Y i F&
PRl b7 R 2 R0 KRB R I E 2
FZFH)12), it HomoMap 8 2 2:5% 7 51 i [ Y
JPH R B, Bkt i Bol T S C S
FEANHEAT HORT, 1538 B g SRRk 1)
B 5 — R 455 R Support Vector Machines
(SVMs) MPIrA g5 8 gk s FHMEREA (ST FM
A VE AL L) AT HEREA (52 F KA
HEEEER) IR, SEHRA SEDRE.
BA Z 0 RRAE ) Fr Be DR B, R R R AR
AN UEHEAS FE R T O3 2 PR A B
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Fig. 1 (2l

Pseudogene Identification pipeline

[X . PseudoFinder fERf L8, it 10X 58 L5
UEDN 345 SRR B 7 ik He H A 5 2 SR A

[ Hh A AR JE I K2 & K 1Y RetroFinder
FELET M TEENGERS, HEkM
GenBank H1#: & A mRNA J¥51, #id
Blastz #4812 LK 41 B2, A —AN 5
TP IUL E | BT N R T
LIRS T WAL, 608 AT
AN s 0 SR B PR R A AT REE ) 0 B Tl i
FE LA AR DR T — > B (L, AR A B (R
TE T AREEA

FREETETTIE BRI T AR TR, (HAT
it LM R IE N A | e AL E R AE R, X
Se R E Y EST KR FE B MR
AR, ABXTHEREAE Py R (R P 5 A TR M
Molineris %P1 H 158 A9 % 1 I TAB L N ok
REtrotransposed Gene EXPlorer (REGEXP) .

’ [ Pseudogene fragments

REGEXP UK #i DNA J751, AHHi mRNA
EST a8 {58, XS Fhik st gl i3 B = 14
T D] M A AR Y S Ho s AR S
e 356 DL RIAIN T A 5 X R 0% e o — R 910 7 9 746 [
JRIEH EEXT (Pairwise paralogous alignments) £
B =805 (High score pairs, HSPs), HENT.
i AN & A T R A i R, SR
HSPs fHT 1% , R3PS %07 (1 HSPs B AR AR 42
I, T R ARG, HAIRN S T
H L BRI SR B R 2, SR — 4
SeE Al LIS B 2 TREE R, 5 Sab f 45 %)
H o A 4R BN Y B i e — A AL S B S T
BEAR AR FH 1 A SR AH S BE A S8 8 T B A%
WAFEZR/D 3 4L (Splicing gaps) LAZE
3 1 MEERTFY] . HRRIME5HR S Ensemble.,
VEGA L)} Pseudogene.org | AR FE R B4 4 T
LRI XS, A ARG — Sk
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R T X A R P i PR S Y Tk
b, Zhang ZEHE T — R 0% T BE B G
Be X #H e AR P —— 1 — i B
pseudogenes) 7. #fFEE M AL S /MR
[FIR R R, Z )55/ BB E H P91 T,
A ATE R PR R A BN PSS, R
SO H 5 NS EE A XS, BERSVLIC b PE R
AL P2, MRAEN &S 75/ RS
—H L SRS AR R 2Ok 7. RS
G AR SRR R T 2 e NSRRI . AT SRS Y
Y LS, Zhang S50 LU T PRSP FI LR TR 20
WHERFFERERGE, 456 RKIBP BRIEH
MYARIS , 15938 5 AR T Rg iy FE R e R A R
B AR R IR R IRE, T2 A A AR
AR

A Z TR S B A A R, Pei
S PR G AT T NS D A S DA S ST
R GRIATINRIE AT . Bk RNA &
G A5G S LAGs  BThRic /3 bt o HAE R 2
A HAVANA /4 DL J PseudoPipe A
RetroFinder FR1GHYZ5 A, 754 HE K 2H i il N
YEE T 11216 MBEA DL K 138 A —fR R
[RIA, SEEGHRE] 9 368 MBI PR X Iz 1 SR AR JE A
33914 (1 848 MEFEEH Hy T BEAKE HETS AN F
HAEASLR), Hrb 2071 MUK 1 AMEIEA,
AN NI BEAZE 1 (Ribosomal protein L21,
RPL21) XJhj 143 AN, HmEE-3-gE iR i
Z(# (Glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) X1 68 AMEIERH , X WEHIE T Z i
FIEFPA B BN S . CE LR A
TR Z i S e a5 R A 250, EE A
AP — 2 I2H0 P AR A i 22 1Y L PR 21 DX

(Unitary
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A, BERXT T = — XS SRR — L —1E
HHERFEA (F14n Olfactory receptor RFIEH) %K
Pi, HIFRBEAC A NN AN —
SR BENE R AR AL, R R R AR 1 AR
A 23 B A B R PR B 7 A 25 5

3 BERMIIE

RIE K DI RERY BT SE FELE T 3 B 2
1 B BORMBREE D K BLAY S0, XA B B 32 2R
FAAMECEE PR 5 A R v el T R DR P 7 A R
BTl % 25 IE W DI RERYARIE ; 57 2 By BUR 4% k3
riz, BE s fFFEE ] 1 RS R e A A
AR ARE A, BlAnBA DI REAY (R
HBEIEN RAZ R ZIFA R e 2o sy, JF Hil
KD B EFE I AT LA 3% 5 2 3 rBoe £
Y B SRR SR B B, TR B, EEW R
Je A PRI %o 2 A DR g 81 4 K HAE HTBLEE . T T
ST XA B BB WT IS A T A (3R 2)0

3.1 BREREF BRI

i PR A D RE R PR E AT ok, ZEAR AR
g Kt i, KA R E H g5 R AT gE
ZHA TRIEHERE, Hi FAES RS,
XL PRTSR AN 2358 22 R T RE - B an SR rh i
JEL M adh (Alcohol dehydrogenase) HTAEFEZLN
G748 MM 2 2 i 26 A A RE ), fHUZ Begun %0
R adh BA DIREREEH N A Y RHE , G35 S i1
IR GEAE AN B AR, B ID SR IR B Dt 41
DYSENRE S LA =Y AR = g
X b Iglv F IghV 26 1k 1 H AR OB W A% IR
RAEBEHLGRAE LT A 2L /MR 2, i HL
KRG TR R A RN L TR e 2
PLHEJE A DhREIER P el 4 7 % R bl &
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Table 2 Three stages on the function research of pseudogenes

Stages Function research

In 1977, Jacq et al'l defined pseudogenes and declared the obvious feature of pseudogenes,
nonfunctional

Nonfunctional phase

With the nonfunctional feature of pseudogenes, researchers focused on the differences between
pseudogenes and their functional homologs to find out the pattern of neutral mutation 2°-2%!

Indirect evidence phase  The rate of nonsynonymous/synonymous of pseudogenes was much smaller than the rate of the

nonfunctional gene!'?!

The number of stop codon was much smaller than it should be under the rate of normal
nucleotide mutation, and a lot of point mutations could be corrected by the later mutation of the
same position®”!

Pseudogenes had either EST or MPSS evidence. Pseudogenes with EST evidence had longer
sequences that could be mapped to its functional gene. Tiling array analysis showed 20%
Arabidopsis (Arabidopsis thaliana) annotated pseudogenes could be transcribed and the
expression of pseudogene was between the rate of intron and exon, indicating that it had its own
way to express!'?. 10 679 pscudo-messenger RNAs were identified among the 102 801 ¢cDNA
sequences of FANTOM (Project of the Functional Annotation of Mouse,
http://fantom.gsc.riken.go.jp), suggesting that over 10% of mouse pseudogenes could be
transcribed®). Also, 5%—20% evidence of transcripts were found in human (Homo sapiens) )

Direct evidence phase ~ The pseudogene of nos (Nitric oxide synthase) formed stable RNA-RNA complex with
functional nos gene and led to the reduction of protein of nos. It suggested that transcript from

the nos pseudogene acted as the antisense RNA to perform function”

Pseudogenes and the parent gene had the same miRNA binding site. pfenp! competed with pten
on miRNA binding site to regulate the level of functional gene P%

The transcription of pseudogenes were tissue-specific

[31]

Experiment showed that pseudogene acted as the antisense strend of siRNA 233

PR, 8 AR L ) T A AR PR A TR B
IREFE P BB DI RE L o Zou A x4y
IR H BEAT THESE, FOE T /K R AU R o Hh (B
PR [ SO A/ SO AU, BUE/NT 1 92,

VLR A SRS FAN A T R A R A, RIVFZ A
EEE N E AL AR R AR ALY, MEEAT T
SR Lifb R, SEat Xt 685 ALIEE I LA K
926 /KA B N —— R AR ZE N SE, KB o
{6=<0.2, LI X LB H 55 R o D e [ BAY
AR e PR A — i, T 2 T H: Al BEAEAH S Y
TR N DIRERE DN, e R A WO BRI o Bt — 2
AT ST & BRARBE R 1Y) 5" X3 55 1 A2k T 1

3 DX ey B R R BR A, DR ERRE LA ) 571X Jal
TEAR AL 1L 1 BUS AOAR I 1] LA A5 T RE

3.2 BEREEBHITERRKIE
3201 BEEMFRSRIERE (EXRERILEKDE)
fi A P el T ik = A T RERY S 365 AR T T
PEMIARERASEE 1, 7RISR, IE
PRSI P A4 5 DX RE A B HEBR D), (0 — 2L 5 TIE
SAEEA BRI Ze K A Y Fheh, sl
. RFES, BIENGEAE 0w, AP
Xof 22 4 AR AR R A AE A AR R IR R A T D REAFF 5
KRB IRE . Dh—S AL A G nos X1
HIRIEE makorinl-pl 5. #iLIE B mRNA,
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makorinl-pl 5 nos 1] mRNA HAMEFRE R
RNA-RNA Z4 814, 51 nos & HRIAHEP,

Bfif5 , Hirotsune Z5P8HL sex-lethal 34 A F|
makorinl-pl fBRIEFHERFECT/NRASET .
— P AR Rast AR 2 S R W/ N R B SE T R T
makorinl-pl WREIRPEL, 25— REHE T 5K
HAYGE . MAERMFEMLAESET, BRE
makorinl-pl B4 makorinl J5¥ R /NRIFAIE
-, MimiiE—B e B BAT Di6E . S, A
KH4M T4 E (Leukocyte interferon)™”! i
HHIED pren LI K ocrd™ > v ({1 L R #Rk
RILBEMEHEA T 5k, T ELAG A 35 BT B X 1z ) 2
BEXL A B Z W 1. T HERSEWNH
RT-PCR HARKGI 50 4] B R FBR s 22 i
LK hmgall2 mRNA 3Rk, S5k IAE 12
S50 T VAR Rk L9 A1) FEHR iR Bt 1 15 451) FFER i
FLRRE T, PR RIA R0 100% . HAT,

it 5" RACE (Rapid Amplification of ¢cDNA
Ends), #x a0 4T (Tiling Array Analysis)
[ G = GRS I A N (High-throughput
Sequencing)™ AT L 2 45 Hi 43 b7 4 A A5 4 1A F
N IR R e s I RE , BIFFE A BN BE RS ) 42 Bk
RIZH G o WZL 3 b A FH AR FR & o
B 2%~5% (B AEE %15, GENCODE %
FE T 11224 D AEBGER, Horb 863 MREAS 4T
BN RNA-seq FiRMIKIE, ffde T Al A5
$14 (Alternative splicing) . 254V 3 R Pk 215
(Allelic-specific expression)!™' L }z RNA % %8
(RNA editing)**"%: 52 Z A F 955 8, AT
W FF e o B R R ZhREdE o, an e
(R RN A S G I
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RNA-seq 4% A", j# it RPKM (Reads Per
Kilobase per Million mapped reads) T3 K 3
kA, X RNA I E 4
Body Map 2.0 project H11 16 P~ AU L1714
5%, KB 1 AMEIER G RPKM Sl 170, 3 4 3E
Kl RPKM>10. 13 /M RPKM>5; 1 H 5
W D) Re R K 7 LT Fir 5 L 2Uh R AR
A2, BRI E AL T, B
RIS, it RNA-seq £ A, Shanker "%} %
FE Y 293 AMUFRAZE 13 FPEAE AIE # 48U
BEER AT T RGN REMIFY, & ILILAE L0 o
P RVEAE ) & S P B S 2R

XF T K R A TG 5, H AT 2R A
iR s — Pl e A AR AAEOR B RE A T
PETCIE XA 5e iR AL, SE B BRI 4 [X
N SEHE N 5 ZAE R R Bh - IX, R R TEE I Y
Ji3 27T R i T 55 4 DR AR AR i K 2 Al 3 1R e
Ko T MYCH AT TR WER, i
ARSI R, , SEA A BIER L, 2
Ja — R L K AEAR A, BT LR R B
IEAE

Wit 5 5 8] R 0% e A S AR TE S BRR R 22,
TR T ) 4R TP TR A2 I BOCRE R e % 5 T RE AR (A
B IX A . Zou & URIXEK R AN AU R OF
EST/MPSS 43 #r B, $Ir I+ FUKRE 43 5
3% 49% WFEHA EST/MPSS Fikildi, 4%
P> WU 29%0~5% F 2% ~3 % W 3L A
FEIRUESE o A AR T 4B T AT eI N 2L |
FEPNE R EE EFRBIENL, R I ok i
FAEIE B SCEE ) FRIA Y R R ik
fEZKARGH (IE SCBE) AP 7 1Y 2 2k A 3 e 2

Illumina Human
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lo Jioh, AUEERHESE A 1F 2 SCaE Y At
T THRSE, 85 BoR 610 MURIT (16.79%) 5
1 047 DKFE (22.91%) FIMRFED W] REAALE IE X
BEFRILM, T 523 MUEEIE (14.42%) 1922 4
IKFE (20.17%) WIMERIEPFE R S5 T 2kl ]
DL BB A A P AR 4 v B 1 SR IR 4 L
SRR 2, RIE SCHEAR H B SCRE B A e 5
te. Bt, TER I Ak s b, kS
T RESE AT B X1
3.22 RERKEEINEE

F MBI R BRRE A 5% 5%, X HDRERYAR
FWAWH AT o BEE il R R S RNA
FH AR (High-Throughput Illumina Strand-Specific
RNA Sequencing) &R, wik T1&£5: RNA il
FPEAR AR P T RNA HcpE(E B A peit
17 ELAG A Wy S 5 SR 2L AR R R, %o R PRI 21
B BT SRR | RNA IE S SURESE 78 DU SO
Bl DR Tk M T A AR B A SO e
FPE RNA PR, AT TR AR S5 3R i)y
RNA B R7E—&, i R4S/ RNA 17
SRHELEAL 7 T S5 R D R R I T 00T, kAR
TARZRBMERSS . HET, e REER
RER I LAT WA

ifig— B ™A siIRNA S0 R A JE
PRI RIE . BIERZ T ABRHEIE B siRNA, F
B R H S T RE I I AT R AR o et
HHAMELXT, AE RNA GBS Argonaute £
454, 16 Dicer ME/EHIT A XUEE NI siRNA
(Pl 2)B2339092) RIS FAE ATP (1925 F, siRNA
2t & 7F RISC (RNA-induced silencing complex)
B, PPAREEY) SRR 4 X B UTR X
FCXof MR A AR S DA o AR B, AT 5

VIEYIE B2 iR BRI KR JE Y siRNA, il
b sIRNA S 81 56 PRV FH i 78 i %) e B sl o
SR I SN o F RCR R R L PR 56 1 10y 72
A T (70 2 3 F A DR A R T /R . Tam 4502
ALIGUE T I = A IR siRNA BB 3%
A ) 2R3k, T ELA AR TR EE AT AR 1 siRNA PEH
PR 72 A ik PR - T B 35 R e ety =R 1R i
AR 7. AT DR B AR B L siRNA
MIE SHE, R SR AT 5 DR R B A i R
P 5 i B BRI, TR e s
PETFS 2 WUk siRNA, Bl , Guo %513 H {53
PRI AT LG b A B B =0V E FH 27 RNA, HHSE
FE T 145 P REEIE K siRNA FEFER , Hrp KT
—23k 24 nt, siRNA FYJE AT RNA R4
Rdr2 D) )22 Dicer & 1 3 (Dcl3), FH/N RNA ]
AE 2 AT A P A A (BB PRI A B i 5 57 5 e X
VB FH ) 32 250 23 A 3 P ™= A2/ RNA 1B R
siRNA T AT AERE . Wen 256U A3 [G
HERH African Trypanosoma brucei BIBF5T 2R,
BIEMfEME = E siRNA, 813 RNA Tk
Xof FE IR GE AT, [RIET, 4] B4 P9 28 Dicer
HH Todell F=AE bt B gAY 6, i 3 5
b i PCR 7 ikl B fE 5L ki BT, M
AN TR A S0 siRNA I3 A (1 45
ieE (1 2).

IRE - BOE @ 1 miRNA 3R A,
MicroRNAs (miRNAs) & 7E BEAZ A Y+ & IH
— N IEE R B DI AR S RNA, 7
SR A 20 i AR A 2R AR Y h 2 5 &
B ARG GE AN T LR BE B A AR AR 2 EE )
P4 . miRNA S8 5 9hs )75 BoAb s 45 &
T HMIEFAY 3 UTR X s> H 8 A &
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Fig. 2 Pseudogene-derived endo-siRNAs formation process”®>***'**!. Pseudogenes could be formatted in two ways:
duplication & retrotransposition. (A) The mRNA transcript of its parent gene and the antisense transcript from
pseudogenes complemented with each other and formed the double-stranded small interfering RNA. (B) Single strand

RNA was formed through retrotransposition. Hairpin structure was formed through its own complementation and the
transcribed double strand mRNA formed 21 nt endo-siRNAs cut by Dicer, which degraded mRNA guided by the RISC

complex.

£, HRTE TR, IS siRNA
(IRFSEEE 2, R siRNA RN T-4E RNA,

B R Sy Forp — 4585 ] IR A7 M ff S siRNA
ETREr =, (HYEF miRNA SMEEE, H™
A B AE I ALHI B i se A 5 o aEm ), &L X
miRNA 5 {5 3 B Z [0 6 R X ik 50

Megraw ZPHLIAN miRNA R IER 2 0% A
—ANZ AR R . SR, Poliseno 2B ff
T Mg FL N pten WIRFEA ptenpl 5
miRNA Z A HR, KB ptenpl 19 3' UTR XA
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051 g 35 PR B VE L, LA pren K A miRNA
[FIRESNs prenpl VEEEFED , RI—>BE DK i R
H 5 FEHTES miRNA 456 Lok
B pten S51RIE ptenpl 1) 3" UTR X Hij 2/3 /&4H
ATy, Horh S1 383584 —2, 1 miRNA L pten
1) S1 #RAr AR, SO FIAELL penpl B S1
WA TR, B miRNA FFEAEH T prenpl
(K 3B, 3C), #4h, HTF ptenpl fR5FHER2Z,

— 28 miRNA (LRI HAR AR, o8 e A EH]
T pten i T W 5€ pten 5 ptenpl Z [8] 555 miRNA
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B IR MG, Poliseno UK T R F
At 5 988 R AH 5C 10 BE R Rz A e R rp - 25 R 3R]
miRNA 5 T REHE A N2 HAR L A ) 25 5 S IR
PRAF 140 miR-145 255 LR AE octd JHABHEIA
octd-pgl , octd-pg3, oct 4-pg4 UL I oct4-pg5
(oct4-pgl Fl octd-pg5 (UANEFRIEH B 38, 1E
WHLT AR octd-pg5 W) Smpid e, (WL
JEERE 3" UTR #Y—/NER o T B BEHE 2256 ) 5

miR-1 FIHEEE T ox43 RHAMBEEN ; miR-34 &
W45 B HE cdk4ps ; miR-182 456 T foxo3b;miR-17
FIRGEET e2f3pl UL miR-143 il let-7 FK iRk

EF kraslp. T HARYE pten 5 ptenpl 1) 3' UTR
XA, R A kras S518FEH kraslp WA
IR X2, Bl krasIp 3' UTR £ DU145 il it
FER SR kras mRNA FHERH, ¥ealigvi,
kraslp B9¥EIN 2§75 miRNA 5 kras 45508
55, Poliseno HPME X — L BT TH R, KK
AR AR IR B —— a3l 48 ¢ il G,
TR 5 ] P 4 W] — 1 E 2w B RNA 845, IR 4
g 1 G YAk N B ATl (Decoys) FKFR 5 WIRHE
— RNA X g FEA HEEW, IBAhsm G
M

Functional gene mRNA
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/
—I-I-I:».}.:E‘%é

PVQ

S

miRNA

Pseudogene mRNA

~ S
— = =
’é“ =Y
Soa p =g
—dv— ‘,@’
& -

S
A S
pten mRNA
S'"UTR CDS 3'UTR

-ttt ittt »

o’ N
T r——
ptenpl mRNA T
B

3'UTR
S1 S2
miRNA binding site
m | | 1 kb
S1 S2’

3 BEESHAEEEZS miRNA &6 s

Fig. 3 Pseudogenes were targeted by parent gene-targeting miRNAs""!. (A) Different from the usually thought that

miRNA regulated the abundance of the target gene, mRNA competed for the binding site of miRNA and the amount of

one kind of mRNA influenced the other’®”. (B) pten is protected from miRNA binding by ptenpl. (C) The 3’ UTR
region of pten and ptenpl, which contained a highly conserved part (Dark grey) and one with low conservation (Light
grey). For the dark grey part (S1), pten-targeting miRNA seed matches within the high homology region are conserved
between ptenpl and pten, miRNA bond ptenpl to keep it from binding on pten, thus kept pten free from miRNA

cleavage.
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I % BRAE 5 HE A miRNA AE R IE RA7 p Ak
REHE N 5 B R A 4 , R BB FE N 5 miRNA
MIKER . J5h, WY HETETA, MR RT3
UTR ) miRNA ¥ &5 —/NE4, miRNA 0] DA
YER AR 5" UTR St IX, 5 Jrik
PRI X L FIREAE I SR BE I 1 5C &R ml g
SORAGFHE 245 B o AR MO N R Sait 5T 1Y
BT RS T D RESE DN B LARFE I B B miRNA
FOAL A N S I AR ARFE N 5 miRNA 2 [7] ¢ 5
AT SRS s Ok 2

i s AP A A miRNA DA 7= A= I8 45 15
FEAULAE FRIEA R A, A I ERIE A By
¥y . Fau Z5CSE e /e R iR I T “target
mimicry” RS, X IPST (Induced by
Phosphate Starvationl) F1 PHO2 (Phosphate2) )
mRNA, KILFHFIR A S miR399 /75 5 4b
A ARALPE R Y e B, IPST REfS G T 455
miR399 MBE 1EH AN PHO2 mRNA 5 A
B, Salmena ZPP KT “target mimicry” Y
JuH, ARTEMRSE . mRNA | KAEESTS RNA
(Long non-coding RNAs) LI Jz H At 68 4% 1E 4
miRNA 45 & i 51 RNA 4r F P #8038 4
miRNA  FE%F P e AT IR Al B, s
TZHT “HEAmIS mRNA LAZGE 3 B
MRFEVER™ MWL, JF HoRX 28 RNA 444
3% 4 PE N RNAs (Competing endogenous
RNAs, ceRNA), Bfif5, AfiTx ceRNA #5%)5
KPR AT T R A RSO, gl hn
Cesana 25 HIE B 1 1 % JILPA) 25 4 A K B A i A
RNA, linc-MDI TEJJUA 22 5 2305 e i) B 244
Mo KL, ceRNA BIHLEI AP 2 ASHR 1z |
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TP HAATE, BRIEEMEDS ceRNA AY—3, @i
TE 4 miRNA 177 X5 ) e 3 PR A 7 8 458 A L
N AR T

05 PR, Chiefari %5 O47E %5 5 A4
hmgal-p 3' UTR AT I BERFFTRT, K0T 447
RE L R R AR e IR KAE . S i Sk 57
itk 248 bp BYIXIH, (5 hmgal-p 5" UTR [X4H
R) HIEBIRE B JLN hela A, K
hmgal mRNA FikTFFET 50%. ¥ hmgal-p 4
KGRI A, A5 T A RIN S
S B K hmgal-p 3"k 1276 bp (45 hmgal
3" UTR AHIC) WY\ Be bk ik % A 40 i b 2 3R,
hmgal Fik JL AR, ITASH! hmgal-p 3'
XIBSEE M hmgal FkFaEMEM KR, Z
J&. AT 34 hmgal-p 3' UTR 20T RESRE
hmgal mRNA FaE PN E & Jr2, Chiefari ¥
hmgal-p 3" UTR ##175878 , i 5L 18 PCR
K. KA hmgal-p 3' UTR ) 291~1 026
G3IF, hmgal WFIRIRGL E Tt 587848 hmgal-p 3’
UTR [ 1 253~1 276 &#841, hmgal (NFRKDET
W 2784 hmgal-p 3' UTR B 3" 152 bp
HBUG, K hmgal BFRIE TR 40%~50% , i%
NEERUL hmgal-p B9 RNA Gl 5 Rf e A7 8 1) [
I XX hmgal Fak AR . AL,
Chiefari A7 A FRO7 Tl 1 5286, DLRGE
SR BB T AL . AT 1 AR
mRNA FaEM A& A aCP1. ] siRNA ] aCP1
FikJG, hmgal mRNA FikTf, oCPl HEHEE
52 RNA-FR 25516 E, & —41 KH-IRSF
B RNA-PRSFIRSS & 8 H BB R e e 45 5 T
C BHEKX, #im#EH mRNA e,
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hmgal-p 3' UTR X'&E & C, Besse st &
aCP1 & A MIM# hmgal mRNA ik,
323 HLRRMERE

i PRI R 2 0 B BRFA Y A=),
BRI st B S T RERE AR R] , (ARG SR45 R I
F 05 EAFAEIX ] . Zheng 25 P2 IERIF TS M1 JE IR 5 st
AR, TERAGIXIARE] 14 DRI T SR
AR, Horpr s AMESE U T RIL, Fidh 44
PR AR IS THROE AL ALt AR
T AU S5 R DR L [R] 5 T R i R 7 s
e, AN, LSRR R B BE A mylkp
(Myosin light chain kinase pseudogene) #4342 fiil
T mylke (WS NIRE AR smooth muscle
myosin light chain kinase . % , smMLCK
isoforms), mylkpl Ja 8 7E1E 5 S8 LR A0
LT TE, (BSEEAE I 40 M 3R T
AR BTG PR, ELTE S8 40 B v 1 238 254 il RNA
Fae PEFEm A H smMLCK ik, M 4 g
SYZARENT0, 2 T LUBE R i ik R SV
P, S BB R 5 T g 2 A AR = 1 3 47
FARUE, (BAESR A=, e85 1, Jt
HZR g7 EARBRALE, EIEHFTE T il hE
i R D e Rk EE R RGR (HE Y Rk
AR, AR IR SR A AR E T B s R R UK
MBI R P RE . BR T BRI OLAL, AN[EAE
A5 3R PR 2 3kt T P A R S R AR R,
(B4 S e BETE BT A AT, B N B AR Ry
FRAS S B R A i T LR I i 1
o, SRR B A R Bk th A Bl 2 22 AR AR,

4 HiE

TERHE PR OB K Sl ik, HRTE A S

SHEYAERKER A AEY SAREY e &
T SR, TEAHMEREER DIRepF o i A, Xt
] — B R R AAAE “THRErE” AN TR Y
WL, fihn, Hirotsune 255 makorinl-pl FE
PEA “IIfigtk” 4. SR, Gray %)
M T EREE R “DhRetE” WA A ZHETIH
UIF makorinl-pl 7= 155 5% FS2Br 24 240
N makorinl 5 S5A5 %) mRNA WAL, HH[A
FHIERA T makorinl-pl 5'IX 3V 55 5¢ 2R 34k,
ANREHEATHE 5 o MHIR S5 1R 22 B R GE i) 43 B
FVECHE SCHF o AR Bl 2 X 35 DR 20 25 78 1 AS I 58
., RMEER B D, AT T — A Ay
FE DR TR HAA TN E i 458 .

T34h, EEX B R A D R R AR AR R AR
B — 2 A TR, i S AR R D e AL
TR o BRI -/ RNA-$EEE ] 2 [A] 2 A
HIERREA N, REENAT L™/ RNA,
/N RNA 7] LSk il e ik, o 4 il
IRe A RIR; — /D RNA AT 2
, B A — A JE R AT DL A R Z AN [R]85
Jri RN, H—BokYE, miRNA J siRNA
Al sIRNA 7224, (H HATHIE 22 nt
f) miRNA fEMS il % Y siRNA f4 17 A1)
XoF TR G AE R P 3 R R % 1 IR T 38 Ak T
I B o 38 2 A W15 B 0 T R A G At
RNA-seq ¥ AZ 8T AR S T2 4082 5
TWIRERRIEN 5/ RNA ., EEE R LAY ik
FERIEATE R Z B KR, TFEARF R EY Z
(1) S 37 O 4 5 R B R 4 FE A ST AR o X R
B PR B 5 0 DA A B A g MR e 31 4
K-

BRI IR D) g R E R T3P L

cjb@im.ac.cn

563




564

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech May 25,2013 Vol.29 No.5

KN, (HAEY) B B i A Rk . B
H, KRR FIDL 1 S5 A A0 4 i DR 9 A R e P
ERIRE &Kk, A CHIRE DCL X siRNA
RIEDIRER CHEANEH] : 7K AH T 2E Dicer4 & siRNA
e AR S R Qian A2 Fookeh
1 5 > Dicer. 18 /> Ago MA K 5 MK i RNA 1Y
RNA REHH T AT, &K Del ©E&H
DExD . Helicase-C . DUF283 . PAZ, RNaselll
DI dsRB #5711 domain X1, AN[F] DCL &
AR PR AT DA — 2 DX, FRAIT T DAAE 4R B AL A
FEAE/NTAE RNA 5L, BT AER, 8
iAW siRNA R CHINER, AF siRNA
B R PR 1 208 788 A 8 T 8] 42645 21 i ik DA FE A )
RNVEHIBYIESS o BRILZAh, TEshPh &K ik
SER D REAR ] RETEA ) DA RIS B, 4
ceRNA &, B AE 2007 SEAE Y Fhf H BE “ target
mimicry” BIBEEEDY, WAEIX 2 )5 A 15 S B BF
FEH ) ceRNA, IRFE % s i) 7 1 ceRNA
) —Fl, LS ARYPLHIAR ] BE e AE Yy i
FZEALRILE o S35k, ARFED ARG B 48 5 2 WE 5
HAEA Wy R Dy REJT T A E IR BFFE 30 . (H H
BT Ik, X A D e T AT AR 5 R BE DR 21
DNA HEFFIILXF, F45 0 iS55 1
T 2 [] Pof M) 4t — 2 T 7 72 AR A B DR 5 e v

CERRIEN”, A —ANE R ORF BEIR A 2748
B2y b T AR I TR) A BE AL AR E A i /D 1k
PEFR A A IELA, b T 58 2 A I TR B R S i
IETECE BRI, X “AEERRED” n] RE
ABINAMRIE K 44 T 3 B AR A . TRl
Bl MR B T & A [ Y AR g
PR A RE SR B, I, BRI 4 5E 7
ESCPR b B TARZ A IR R o SRTESE T /A
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JE b, MRE DT RS TR E S, E S
M SCHERLE “JoIfE” . (XA JCIh e LF-7E 5k
B EARTRERR RIS, Kdli “JCHIRE” K A
e AR 21 B, Ok B MR/
JIT VB (B A7 A= 0 1 PN 5 PR 801 1) R SO T R
K, @R HRTE 2 A RK AR 5iD)7 51,
LR B IR BIE N RES 7= e B sk 1 Sy bk
TIF PR (BB R Al o e sl e R A e, (R
HE N 5E SO ASOE . FRIF— A R DB E
2 B ZJ7 6 14 e DR (R L DR a o i 2 HG 5 SRR A%
FHELNT . PrL, BEEDTIERIBED, AR AT REIREEIN
XAZ PP T EZHE L, R
— 2RI IFRE SCRO BT — 2RI P, (HAF5E
fRHE A I ] S BAT BRI
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