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Abstract: The authors have reviewed one new kind of molecular marker in higher plants, functional markers (FMs), based on
comparisons with random DNA markers (RDMs) and gene targeted markers (GTMs) that are usually applied in genetic analysis.
FMs include direct functional marker (DFM) and indirect functional marker (IFM). FMs are derived from polymorphic sites within
gene motifs causally involved in phenotypic trait variation, which exhibit dominant genetic characters. FMs are independent of
molecular genetic mapping and may enhance the efficiency of marker-assisted selection in crops breeding.
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R ERE, 1913 4 Sturtevant 25 IC7E R PR A T
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SEAE R LI 0 ) a8 A b i 4t i R IR
(R BREARE /N s s 8, s,

BAERR G N T SR (R AR A o B
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H, 41 RAPD (random amplified polymorphism DNA) B,
SSR (simple sequence repeat) . AFLP Camplified
fragment length polymorphism ) "', SNP ( single
HHMEAAE ik bRid
SEfli Pk Hisk AP-PCR. ISSR. STS. CAPS. SCAR
S0 FERCPY, 162K DNA 20 FARIC TR I 1 22 21
TEHERIZH A7 K2 BRI A, DL AR RR A B
MWL DNA 4> F#4ric (random DNA markers, RDMs) o
RDMs R K KFgim T AR IR R 2R, L
(ASEFIITe & SN N R Ui (e ez b i)
RDMs 55 H #5507 ik A7 i [R] PRI IS A S 01 i) 2t P71
T RDMs 15 A2 Witk 4> Fhsic i M . Bl 454 K
DReFEIA A 22 (1) Rt e, BT H I BE R I A8 1)
H i 3E K FRid (gene targeted markers, GTMs) A IlfiE
PE4rFhnid (functional markers, FMs) i —J&Hr 4
PANn i N TREATIL
1 DheetEsn FRic RIS

BEHL DNA Z3 7 Fric 5 TR 41 BN 2 A 1AL
SIFRT G H R RERIFRICEE T HE R 5 B R 2 8] (1) 22

STETFARIN ARG  MENBENE 7> T FRic e T D RERE Ay
(motif) FHIJRENE LR Z ANE (SNP) A7 miJTF A

nucleotide polymorphism) 2%,

FMs T8 5 R R HEAH G, i JOkIE T Dhre
D2 FhRicAEAE Y B R A 2 Bk O e A2
BRI R E TP AN, B0, “hEERRIL” |
CHMZERNARL” fe “iLWibric” &4 e,
R BB ARt “ DhRerE 7 Fhmid” X AMES .
Andersen Fll Liibberstedt 7F 2003 ¥ iz 2 LT Dhfig
S FARIC MRS, B3R BAH SC I D) RE R A L e h 1)
REME FAZ IR 22 A PEAL RUF AT R 8r B 43 1At
DIREPE 31 hric XOn] BAor A BLEER B T RedE 4 1 Frid
(direct functional maker, DFM) Fl[a] 32 270 T G
2y FHRIC Cindirect functional marker, IFM) U, % 1
LA TR > ARG ) DNA K. 2P
RIGThRE DIReF AN AT 7k bRad A I 2 &
Fric A SRR i, 3R 1 TPl BUE D Re It 2 145
TSI Re LT, ENH L RDMs Al
GTMs FHAT " H%EF RDMs #1 GTMs, FMs
AL DAAS FH B S A A4/ i BRI, DRkt ik
G T T EATRAEEE RN ER, W%
I H SRR B & AR R B AE AL 5 o SRR, FMs
BAVUF UM A (D S AR ] e A4 b 1) 554
B () B TEEPAETIER (3D HE TG
H AR A IR P SR JE R (4) R F M

M. RDMs 5 GTMs [IF R AT IS TR, w0 By PG M [ s PRI AEA2 FM; - (5) A7)

BT DIREFE Iy b BT IR 2 A PR ROT AR TAYEREB FM A% Y

F1 TREZEESFHRICHRIFR LR

Table 1 Comparison of marker type

bric e DNA 7412k 2 AL R TIRE VAUIWIRFS FRACTT R B Frad A ok

Marker type Origin of DNA Function of Method for functional sequence ~ Marker development — Quality of marker
sequence polymorphic site motif characterization costs

RDM 411 Unknown A% Unknown it Low i Low

GTM FEH Gene A1 Unknown ik Low 1 Low

IFM JEH Gene DIEHEFF Motif KIS HT Association study ' Middle 1 Middle

DFM JE:[H Gene Dife LT Motif 553 Tsogenic gene 1 High 75 High

RDM: BiHLDNA 4Fhrics GTM: HIWHEHSFhrid: IFM: MBI S Fhiid: DFM: HEREIIIREMES FAid (2% Andersen™). T
RDM: Random DNA marker; GTM: Gene targeted marker; IFM: Indirect functional maker; DFM: Direct functional maker. The same as below

2 LhgetEo FRRicHIA %

DIRePE 7y Fhiic I F R SE 7R 2 A 5
FAVHCI DhREIE R ) ShBE M IE P M7 41, BAT W
FEPR ThRE I 3L R 4y 252 T B 7 T hR il TF R IR AT H -
R H IR B (GenBank+EBI+DDIB) 3%
(A P 91 LA A 2 R B, (RO R AR
KD RERIIE D IRAN 2, LA AL R T+ (£ 25 000

ANFERED A 10 %R A T BT ThaE, 7Rt
R, AT WA D R IR S R X B 2D o SR
BT [FE 2 D ReHEMI K 75, AE e PR 4 e (1)
IR Z1 4 30%~50 %o SR FH I [ 500 5 10
PR AR R, ORI E R T KRS
RAFEIFER ST, G546, WRLFI A RNA T3P,
T-DNA AL T IE R FREE220 [ LN 535 QTL 1 &7
ST TR R . Rz, B Tk
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B2 A S DR R N A 2= S5 R, ORI
2 1A D e B DA 43 25 B3
2.1 [EEEEBITNEEME S FIRIC

ZAVER SR 51 & DI ReTE 73 1 Arid FF A IR b 2L
5At, BRI, A Rk, KIUBIE N AL 41 s R TA
HIBRRE E L AR — DR b ) — AN SRR B sl D HO L
ANFEDR L RS20 TR, A D BORE R T DL LA S 4%
P LR (51 22 28RO AN ) — 47 B
BI85 B 8 AL AT 1R 22 FE PR AR P i S 18] A2 A0 AH
MR, o, BRI R AR R T
SEAEFERIRICSP, SIS0 #7712 (association studies)
T USRS DT 2 v 55 57 56 D) B 2R P IR BB A L2 oA iy
HIEB AT (linkage disequilibrium, LD) , KE4)>
73 T L A S 0 2 TR AT O 14 ik DR FIBE R P 3508 114 1)
BEFEPPO N, SR ST, B T % K5
FEBILAAL, AEDIRE AR TR s RS R A i B

YRR DX 73 FE DR A 22 25 0] 3R A St (R A0 SR SR R A
HATRH) LD /K1, fEte s s, f74E LD
(7 i BEAE L kb LAY, BB JLA+- Kb (P A
TSN LD sy k1, i ok AT R
B/NT 1 kb AL R4 W A7 AE LD, Pk,
FAATKACAK LD E R R, SR M T35 AE 2>
B BATARE KW 01, B0 23 88 5 3R ARG 1
IR A W sl Fil NSRRI A1, RIS SR 7 Al mT LA
PAFICSRIE PP AR o SR, RIRMHTE X 73
i 70 5 g rp — SR R e AT (1 DR I A A S PR
PR, 5306, MRl AL 1 Sl 2 R B DG HT T
SR, AR, Get Ak C A IR RIR SR A 4
FU2, ORI AT 7 VR SR T PP AR e 1A Bl G o
EESE, I, X RROT A SRIEAS B DD REPE S T AR
AR N T B R ey AR (D 1),

2.2 EEFAINEMNS FIRIC

AR B 2T R ERE SRR BTN
%7K Level of functional | KI%{& Numbers of PRILTT A )5 i FFIT R
characterization of polymor | alleles sequences per Methods for marker Marker type
hisms monitored by markers marker gene development
FA IR LA A IR IPCR ik N
N: doles Sy B T 5 T ———»BEHLDNAZ; T 79 RDM
Restriction enzyme based methods
W Sequencing ~_
IMEREIEE A ., - S
LAt 2 R, FFAIIL B
T B, itk LbE ——> HIEEHRL GTM
Expression profiling, sequence v
comparison, synteny study //
MFF Sequencing
7.
b2t 7 KBRS [T I HERE S TR
S T fiEdE 5 7 HRiC TFM
MfgE — Association study ? e
~—
Atleast two alleles ™~ 5e25 /3 b . EMS/TILLING.
[Fl i H 4 — > MBI RRE 4 FFRIC DFM
Mutation study EMS/TILLING,
HR

EMS: Ethylmethane sulfonate; HR: Homologous recombination; TILLING: Targeting-induced local lesions in genomes

B REI%E S TAFTHiR

Fig. Definition of marker types based on the level of functional characterization

HARRI D REE 7 ¥ hrad v] DU % He A 5%
R R PO Re e e 2 AR D AT DU R R
TILLING (targeting-induced local lesions in genomes)
BORTIE K BREASAT,  S3shIE T LU [R5 20
4% (homologous recombination) . TILLING $i K%
R ok o ik B U R ) B M O & EMS Cethyl

methanesuffonate) 53 5L, WH K C/G 2| T/A
(e, DRI, AR 22 S DR 25 R AR TG A 58 AR ),
KM ITvE, S RHEY) (Lotus japonicus) 1,
3 000 FRAFREH AT LUK S — A% T SYMRK &K 444
R P RAR . BRI, 55 RN TILLING )57 0]
DAEFAT I 2 AR BA 15 F I RABZ S A, BT
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EMS o DL KERA, HAr, 44 TILLING J5
AR N AR 2. HeAh, il s E AR
SENLA RV AR A SF LD R rpon] DL E B R R £
SR SRR e (EE i T m SR AL B4k
SRR, T-DNA 7EER A K2 HBENUE NS, A
RO K 22 pii A N5 i DRI R B 2 5 i 1) 73 5 2 o7 R A
() PRV AR R R R AN, , 3 i) 0 DA ok R PRI s E Y
PR AR, B2, EMS FAE 454 TILLING
[ 542 E T S R ARSI S5 7 5 IR D e 2 P B
% 2 VAL ST 5, X RIS 1 21 Dy Re k5
FRRCHRR N E R I etk o At (D M,

#2 FTRATUREMES FRICHRMIRIEREE

Table 2 Candidate genes for functional marker development

3 ThgEMED FHricRIN A

WA K 22 11 D)) e ik DR S LA R DAL 1) 43 B
AR, DhRetk o1 Frid C A 49k RDMs fil GTMs Z Ji&
=B Fhrid, AR RS mbrid R . H
T FMs 56 5 RESE R I D e L P AH G, DR, &
tt RDMs Hil GTMs S HAI0BE, 32 ot 748
CLRIE ) A] BeFH T R DI REPE 2 bR i) D e Sk A,
H ATX S S5E PR = AL ip o — S K HEY R, oK,
INFE T KT 6

R E R, K RDMs bric i #5457 QTL 1E

Wikl Species K Genes PR Traits %7 WMk References
T K Maize Dwarf8 FFAEWSE] Flowering time 30

thl ¥k Plant height 45
B 2HHH) Cereals Dwarf8 orthologs ¥k Plant height 46~48
7K%E Rice GBSS f it Food quality 49

AOX IGIEHME Cold stress 50

xa-5 F&JEI% Bacterial blight 51
/NF Wheat Cre3 P14k i Nematode resistance 52

Lr10 P59 Leaf rust resistance 53

Wx YEH £ Granule-bound starch synthase 54

Pina AR Grain texture 55

PPO Z 9175 & Polyphenol oxidase activity 56

Rht ¥k Plant height 46,57

vrn FAAEH Vernalisation 58,59, 60
WIEE Oilseed VFR2 FAAEH Vernalisation 61
& Tomato fw2.2 52K/ Fruit size 62
V4)I Watermelon LCYB HH4T % Lycopene 63
JUFED) Several plants NBS-LRR Ui Resistant disease 64
JUMHEY) Several plants ERF #%5¢[X-f ERF transfer factor JUMIELIE Y. Stress response 65

W, AN [i] (1) A8 T 75 2 BT 01T RDMs A, 1l FMs
(14 N FH ) AAS F g S b R PR T ARt A2 P33 1y 4
N, XA 5 B REAARSE AR RIE . Rk dE
SO ASERAEF M AR IR T, FIN, ERH
Pl ST E B FMs 0] LUK Dh RESEA7 S R 484 31—
&, AT B AR BRI PRI B h A 2 BRI s 1)
BRI Ak, FMs 3] DL i 2 AN [F) A8 Fh b e ¢
ST L PR R AU G 1) B BT AT 553 (10 A7 7 Rk 2R A7 4
KPEM R 23 it ARk Az, PURE A A xa-5 4
Batkibtdl, DRI AR 2 R ORI g I Mkl 82 gt A
1, R 2 AR LR AEAEAR IC S xa-b FEIAS
L R A S 4 B ) ), Tyer-Pascuzzi Al
McCouch ¥ xa-5 G 5L T REME: SNP 47 £ 5%

b EE CAPS Frid, AT IF AR S B> FAnid, mILA
PR TR xa-5 ThREVEN s (AR RS R, I
HHEA 100 %M 5N, RO KSR & #
HEREPY, RV H AT ASBRI AR IR 3, (H)2
TEARZAHOLR, A A KR B IH 25 38 2R Pra
s, &K R B 2 aE s . m Lk
WP — SRR PRI A%, TP AR 5 4 A il
WA, BRI RE E R R IR 25 0L F AN S
IR EARSG, Tk, ARZATUR AR Z 230
SO, AR A A R TR B A R S A 1 3S
P 4R 5000081 Abe ZERIF 5T & I OsAOX1a J: A 7E
ANFK TGRSR —A SNP AT A 15 2 i 1) 2
1% A2 R (Lys ) A2 R A2 1R (Asn) , 45 OsAOX1a
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HELR e S 1 2 BTN 32 kD A8 34 kD, %A A
AR 5 KRB B e ARG (Lys A7 st G e,
Asn 7 S AT HMED B0, DRI, U0k AOX S R m]
B T DU T B i Zh RE T 2 i AT R 10590,
74+, Bang STV NBIEATHE T &I, LCYB
FER AL TR 2 AL AL, 7R Wb o T 47 45,
ZLPPERE N G kL, HARE FL R T/G #A4AE, I
B IXAT SEAL S CAPS FRid, ] LA X 40 AN [R] 0
L1 P RAE R,

FMs 7EI A AR B TR R4, R A RDMs(54,
GTMs) Fricdi T L /E BN, TR T brid 5 H bs
FEDS e (P ARic 5 bRk DR R PR AR PR B L IO
PR B H SOt 1 K, DA, SR
IR /DT BT 1 bt ik ke B IS 1)
AEAE . AR, 31X 0] DAk FMs 78 [RI A8 sl F () i S ¢
Kffpvho MO, T EAMA G Z, P2 KI5 E
& B AEA AR AL, FEOT 2 B AR —L
ANPRAR P RE N — HARFRESL, JUILE — SRR KB
MOCRA 1A B U TR M RHE A R 2Z 1)
PEARRFTO, T FMs B RRIE T Zh 3L R (K Dh B3
DA b 2 55 E AR S DA SR 52 A B, K FMs IR A IE
FELE R RDMs (AT G B A B m s £ . K
FH RDMSs fric i (1) 557 5 DA ) £ o] g 5 i DR B IE
SRR B A 3, B, SRA] AFLP bRididEAT
W ZFEMERETT,  — BB A [ bR iR B DR Y U A [+
—IRBEREATY, SR, W5 AFLP bR Bt e ta
PRI S S 2 A A AR AR K IR 208, DRI, 36 AFLP
FRAC LA B S I 5557 6 DA 1Y) B S B, 170 FMEs n]
LIRS Aff 5 1 1 25 37 366 DR B ) 22 L),

4 e

JRE CAVF 2 D ReSED n] DU RIT R Bh etk 4+

Fric (R 20, [R) B W9 2% 50d e A 3 At T R I

(http://walnut.usc.edu/) F1H & HHf (http://www.grasp-
euv.dk) MVFZ AR P S, (R, REAERIA
FEAAA R I+ AT 10% RS DR 4 R Al R T Dhe,
EHEEY R T RIRT 5%, HET#ER T DhRen ik
AR 22 02 AR 2 3 U D fg, e ANRei 2 A 2k
RE X HIIRE. Kk, FMs P AFHEEZ AARE
PR I D REFE A 1) 73 B RIS AR, 5346, T
HEZSFAR M RAH O () 6 DA 8 RS D 28045 ) (1) S5
AT FMs IO FF R 202, b4k, BIME H A )
DIRe BEAIIG IR, Sl g A R I R A E i e 1Y

R AR X 2 R I I AE A 24T FMs 1% [F]

(2R T T Re k7 FAnid 2 T KR AR QR 4
THEEA EIF RN, EARERT D) RETE S ARG AR TR
GRE R D) Re L D RSP (R R4 sE , FFR I 9
FX B o A T H v LRI D) REVE 4y AR IC T R (1)
RO IFRRARTT R B, NAZ i S8 S TR 40 A s 128 fizk
EDIREHEST, SRJE FREAT 1T A5k DA R AR KR DA D e
P AN . Gao SFIE I TE S 1Bt it B P AR T 5 |
W) 3"t B, AR5 IR PCR R N 4% A 0] LSl
B ABRIETARN £, R DIRETE 73 T AR L I I R SR AL )
S AT I . JEW IR M 2T 25 R R brid
WA EIT LR, (B [T S R AR
BRI, 5 B A S SO A 1 D R A5 A7 i
DAL, &5 SR P e A DS Bl P (1)t A% A e 4 38 S D) ek
FARCTFRAIX LR E . KT Bk HA R
P, FMs IRFF R L P A SeAE S i 5 2 M 2
R B AERR PR I G 0 438 15 SR I 0 F A B 25 1)
R, FEHEAT R B R S R R LU 2, H e
R EA AL R Ao Bhik+$e (marker-
assisted selection, MAS) 7E & Frk fiE s ORI
(3, TR — SR astfl 1 AR, SRt 2
AR ERIE KA, MAS SEFRCR KRR 0 T
B EIR, FMs I FF A A FE AR 75 227 18 315 5 18 1) ik
RECH , T8 H R LA CEEEE D (key genes) B 7 {#
HATHAREE S B2, FMs 1R —JF 140 FFrid,
TERER D B I W) 2R SOt AR VR B 55 7 1 (1)
BT HRE s AT RIAE
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