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Advances in identification methods of alien genomic
components in plants
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Abstract: Plants with alien genomic components (alien chromosomes / chromosomal fragments / genes) are important materials
for genomic research and crop improvement. To date, four strategies based on trait observation, chromosome analysis, specific
proteins, and DNA sequences have been developed for the identification of alien genomic components. Among them, DNA
sequence-based molecular markers are mainly used to identify alien genomic components. This review summarized several
molecular markers for identification of alien genomic components in wheat, cabbage and other important crops. We also compared
the characteristics of nine common molecular markers, such as simple sequence repeat (SSR), insertion-deletion (InDel) and single
nucleotide polymorphism (SNP). In general, the accuracy of using a combination of different identification methods is higher than
using a single identification method. We analyzed the application of different combination of identification methods, and provided
the best combination for wheat, brassica and other crops. High-throughput detection can be easily achieved by using the new
generation molecular markers such as InDel and SNP, which can be used to determine the precise localization of alien introgression
genes. To increase the identification efficiency, other new identification methods, such as microarray comparative genomic
hybridization (array-CGH) and suppression subtractive hybridization (SSH), may also be included.

Keywords: trait observation, chromosome analysis, specific proteins, molecular marker, combination method, array-CGH
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FRVEMI RA S0 TR, X AL PR 2H )
F) 88 58 T VA AN Wb 08, AED A R 13 m] 43
FEF ORI | G PRI (R B LA A . DR
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53 F Fm e an PR R B K B 2 A8 M (Restrictive
fragment length polymorphisms, RFLP) . §##4 /Bt
K B Z & 1 (Amplified fragment length
polymorphism, AFLP). B#HLY 3 Z &M DNA
(Random amplified polymorphic DNA, RAPD) %
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SRR AR S 5 SR SE B A A R T A,
AT E 425 cDNA 1S E 7 ki 22 i 2458
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REtE. FHHCR—SE e vk, AA A &SR
HERA P H 0] 3RAS 0 2 5 L A a5 8, HEAE
IS4G R AR . SCrh AR A0 IR 3 R
2 o3 B S T R TR I SRR S g, IHA
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Chromosome analysis

Normal metaphase chromosomes ~ Array of genomic clones

CGH and array-CGH

Fig. 1 Schematic diagram of identification methods of alien genomic components®**4.
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FHAEAS RIS G e 44 b i 37 208 S SR 2% 28 4% AU HE
GVEL, DA [R5 B B R 7 B i G5 S VR B o
Yo RIFRIC, AT SE B — b %5 2 B — A g
R E g ok BT, rDNA 2 H R i i &
PO REL, HA 2w . HEPELF. 5SDNA,
255 rDNA ‘W E R4 E 2= 2 IR MR YL (6
K, MEBES R THIES 5.8 5.9 5y fmikl®,
T ELFIIIF R SEAZ T RIREE, ATk —2P
e HR K 5 P 9 A e G AT [R5 1Y) 43 A A2 A
FRAE o BF X /N2 9 K i 3T 19 Oligo-Ku
Oligo-3B117.1 %5— R4 FE A BRREN, Wk
APk e JE A 2422 (Non-denatured fluorescence
in situ hybridization, ND-FISH) ) 7 2 4% 157 i
IWNERFTHREE . A ELZRSFLEYF M
PRGOS gesh, FIH A HETHET 2 (¢
36 JE i 4¢ 52 (Multicolor fluorescence in situ
hybridization, mFISH) W] 528 2 F &M R 3L R 1) =
AR BB,
13 ETHFEANEERZE

TERIKH AR T, VA B E ARl
58 8 IR /AN SRR |, AR I
FCEE A ) LRI, R T R o AR A
10 o F PR Y 22 57 e g R A 2 1 B0 45 A I 25 5%
LR UK i 7 A 1 2 A PR 4R SR 1S W AR S iR b
8. HETIZT MR 2 T T/ NZ AE D A
IR AR S | X /N IR 2 A5 R A G .
JNFE K SR R TR 25 A SE R A AadhlF .
B-amy-R1. Ph-2 978 (7 T/ N2 45 I G R ) R 5
et fR B3 T AT T SRR 0 2R ik
Ho T A LR TR R g (o i B A2
FEAL, BRI R AN IR G A 138 43 (R U 7
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IPCR)EIi 3 it H A 5 51 14 00 38 1R 4747 384 L 52 B
X AIMIE DR A SR A BT o I S 9 5 o it
PCR 7. &M DR 3% D1 50k I A 22 BT s i D1
BRI | 2% 07 A E A B R W Southern
ENZess, SRS SR A A . A e O]
FH Tagman % i PCR $ AR HE 7. T 5L K 4 i 25 i #
P A DR B8 DL BB R AR 3R - 475+ PCR 474
PR H AT L R A H B JE BRI A B T B
ERESEELE AT S I ANE SN A %5, (HME L
JEXTF iR i B 5

T1 9L FrRiCHILLE

142 4rFhid

H Mcgrath 2 RLDL RFLP $ AR % T 1
WS AN AR B i S ALK, 5T
T W IR %5 AR R R AH o 1 R 2T B, 3
WA R RE T ITHIGI WY 8 0 TR R
RAPD, T FRilPER BLS PCR ¥ 8 73 THRic
AR AFLP, BT P52 %05 FHrid SSR.
InDel . #H &7 59 4 £ & (Sequence-related
amplified polymorphism, SRAP). J&31)4: Sk 1
(Sequence-characterized amplified region, SCAR),
BT REHTRE S FhRid SNP. DL E&prid
TERRAEMERS | R0 DU S UAS &5 5 T 45 A AN T
P B ETHE o FhRic e U 2 R 1

EF %t RFLP. AFLP Al RAPD Fric 2 /EMiBi |
A MEZE . DNA &R, Wz bricy
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Table 1 Comparison of the characteristics of 9 molecular markers

Characteristics RFLP RAPD AFLP  SSR InDel STS SRAP SCAR  SNP
Operability Difficult Simple Middle Simple Simple Simple  Simple Simple  Difficult
Codominant Yes No Yes Yes Yes Yes Yes Yes Yes
marke or not
Cost High Low High Middle Middle High Middle Low High
Polymorphism Low Low High High Middle Middle Highest
Repeatability  High Low High High High High High High High
Known No No No Yes Yes Yes No Yes Yes
sequence or
not
Frequency Random Random Random 0.5-5 kb ~3 kb One time Random Random 10-200 bp
High No Yes No Yes Yes No Yes No Yes
throughput or
not
Species often  Wheat, =~ Wheat, Wheat Wheat, Chinese Chinese Wheat  Chinese Wheat, Wheat
identified rice radish cabbage, cabbage, cabbage, onion

tobacco cabbage cabbage type

rape
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FET/NET R T IIKE P ILHEA RS Fh5
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WA 30 () T RN T 224 i o 2 S 67 a5 s B, {1
2 i T s e YA 4 o P e £ R D R - 2 s Dl o 1D 2
TERDEF Y E%H . InDel ARic A% T SNP 8
MRz, HACEMEL . Mt . P
ALV, R R R AR F A R A — 28Rl
o A B AR T 45 BR T i CO2 3 BTRERR = InDel
Prac B A T AN R H B e 6 1R R B i B B

x2 BATLEERREMINRERBEM SIS FIRIC

7E 18 096 729-18 786 494 bp Z [a] 1) 689 764 bp
X .

AR, BANE . PSR, MR EY R
A FhRic B AR o #2458 T AN SE 414
Bhril I L ANk 2 iR Hi SSR.RAPD,
STS. RFLP #nic iy ffi F 4% R i , H & 9 Fl
RFLP. SSR. InDel #rictistfk Kl i gy s 1
A5 R 0 10 4 0 5 L 0H e 1 TRl s 23 A o
W/NFE T 7 48B4y (A IR R RFLP % 0 K1 3 ) 57
AT 508 N T T R A i G R et i
K LA g R I RE

Table 2 Molecular markers used to identify alien genomic components of different crops

Alien chromosomes

Markers (Numbers)

Receptor species Alien species
Triticum aestivum Agropyron cristatum 1P-7P
Psathyrostachys 1INs—7Ns
huashanica
Elytrigia intermedium  2Ai-2

Lophopyrum elongatum St
Elymus rectisetus

Thinopyrum 1J-7J
bessarabicum
Leymus mollis 7Ns

6Ns

Ns genome
Haynaldia villosa 1vV-7v

Leymus racemosus

Hordeum disticum 2H
Aegilops uniaristata

7N
Aegilops comosa 1M
Leymus multicaulis X
Aegilops longissima 18!
Secale cereale L. T1RS-1BL

Hordeum californicum  H3
Roegneria ciliaris

Triticum turgidum
L. var. durum
Secale cereale

Thinopyrum elongatum 1E

Aegilops tauschii 2D

Brassica napus Raphanus sativus A-l

9 chromosome

Sc, Yc genome

SSR (2), EST-SSR (2)I**: EST-SSR (2), SCAR
(1) specific marker (24)%; STS (255)*7; STS
(55)81: SSR (3), SCAR (3?[491
EST-STS (8), SCAR &2)[50; EST-STS (12)*°; SSR
(2)PY: EST-STS (10)®%; EST-SSR (2), EST-STS
(6)P%; EST-STS (1), EST-SSR (1)B4: EST-STS (5)C
RAPD (1)5

SNP (93)P7)

1-6 homologous group RFLP (29)F®

EST-STS (55) *%: AFLP (267), RAPD (14)!"

EST-STS (2),PLUG (6)[Y

SSR (2), EST-SSR (1), EST-STS (3), PLUG (3)1*%
SNP (6317)%%

SSR (7)14; 1T (232)[%%)

SNP (3656)[6¢!

SSR (10)”, RFLP (1)%8

IN, 2N, 3N, 4N, 5N, RAPD (12), SSR (17)®

PLUG (3)%

RFLP (1)

EST-STS (6), EST-SSR (1), SSR (2)"!
Specific marker (1)17%

sTS (1)
Specific marker (162)1"4
SSR (1)1
SSR (7)I7®
RAPD (18)!""; RAPD (143)l®
GEZX)

http://journals.im.ac.cn/cjbcn
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Brassica oleracea Brassica nigra Chromosomes
var. botrytis fragment
Brassica compestris  Brassica napus C6
ssp. pekinensis Brassica oleracea var. C1

capitata L.
Brassica napus Raphanobrassica

Carinata B genome
Oryza sativa Oryza officinalis C genome

Solanum tuberosum L. Solanum lycopersicum  1-12
Nicotiana tabacum N. plumbaginifolia No.9

Gossypium hirsutum  Gossypium australe 1G-13G
Gossypium hirsutum  Gossypium bickii 1G;-13G;
Allium fistulosum Gossypium anomalum  1B-13B
Allium roylei 2R, 3R 4R, 7R
Allium cepa Allium fistulosum 1F-8F
Cucumis sativus Cucumis hystrix H genome

Saccharum Erianthus procerus

(£:% 2)
RAPD (65), AFLP (77)

SSR (26)
InDel (67)4

Chromosomes fragment Specific marker (32) 62

SSR (34)

RFLP (192)4

RFLPE!

Specific marker (80)!

SSR (160)7)

Specific marker (183) !

SSR (170)®8: SSR (230)[
EST (2), SCAR (2), SSR (1)
SSR (12), Specific marker (5)°Y
Specific marker (12)?

Chromosomes fragment Specific marker (1)1

143 T3 LR A AR

Array-CGH J2JEF 2425 5 5l DNA #% Dl
BORE I — AR, B8R AR R 2B RR e
1l DNA F1Z: B DNA 43 5| 258 F 43 A A4 b i 42
DR 21 SE A% R IR AT SRR 41) I, sl ad AR
RS RS S X R B log, L,
A= % array-CGH %4 nf ALY s &, mIE N &
Sr PR AL AR IO LLSE BN SR DNA #5 DL S
(Copy number variation, CNV) 1) % 5 Fll5E 07, %
FAR O F RGN R LoPro NIL B A
FER BT, AL TR R TS ASE R A HARN B
FFRIN T BT G S B A SRR R AR
TSRy % E J7 i, array-CGH HUA B B 04>
e, R I 4= S8 A5 S RE A DU 2 B 4 i
SUEHEFEB A, T — K S50 B AT AS E A
FEZ 5 DURO AR AR REA AN o R T AR X
T A A S8 AR R L BREMERE R, HT
FENHF AR A kERIEES R E
PRS- B AR A7), et SR D %
() R IR R R o
1.4.4 SEFANF

10 AR LM P (Whole genome

&: 010-64807509

sequencing, WGS) A4Filsf 7 & . 3 F | K E
GBS T A NIE B R, T —RIE AR
(Next generation sequencing, NGS) it 31 fgi 1584
B A I AR KR A . XA S5 REE A Y
A, 38y X S FE R R LUK B2 R
i, TR RN ERm M . kT4
S DR 2 000 P 540 R0 A 0 2 o3 Al T B 2565 09 s =X
SEPLT PR A 0k A AR A R D R B A AL
B, $EUE. MR FFAIELS, DU
ST R FEAR M A G 525 IR SRR R
%% (Foreign element detector, FED) 1 k—7#f
BT Web R FIFE R T HA T & 00,y 1 42
DAL 00 e 1A 1 5 ok B B A1 DNA 47

FEA AN IE L R P 91 A 1 50 =2 o w] Al B T |
TANER Sy . FED SEGGLER L | S0
it PCR R, HA MR Al 8 M.
iR HE A MRS, DRk R+
SR A I A 5 IR = 5 R R i e P A MR R A
b, TEZR B RO AW

2 BERFTHEHLE
3R T LA M R R R
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#3 ARELEEFAENILE
Table 3 Comparison of different identification methods

Characteristics Characteristics  Karyotypes or In situ Specific proteins DNA sequences
of observation  banding analysis hybridization
Operability Simple Difficult Difficult Middle Most are simple
Number of Less Less Many
markers
Cost Low Low High Middle Most are low
Time Short Long Long Middle Middle
Precision Fragment =200 bp =400 bp =1bp
Alien Have or not Karyotype, Number, Alien gene, origin, Alien gene, origin,
chromosome number, band translocation homology analysis homology analysis,
identification type, fragment, insertion position
translocation origin
fragment, pairing,
origin
Applicable With easily With Common Abundant enzyme Common (part
species distinguishable representative system requires known
traits karyotypes and genome)
bands
Unique Rapid Intuitive Intuitive hybrid  Detect changes in High throughput,
advantages screening in chromosomal signal protein levels detecting in large
large number evidence quantities
of materials
Limitations Inaccurate, Limited material, Identification Each enzyme Some markers are

affected by the
environment

low resolution

of related requires a specific difficult to develop
species is staining technique for species with no
difficult genomic information

P HRARIC S S B [ VB R w25 ik, (H
WERRPEAG o Y Co A% U 5 TR 43 B 2 doe 0L IR S8 5
HoAR, (HEUM 52 BR T 40 A 53 24 HE B 3 A= 41 21

HA ARSI 52 2%, RSl Z Al xE DAk 21 st
a5, ST YR HEHRE & R g g

sl ot w4 s A
o % g P DO L Ak L AR R HLE A A 3k
BOAMEE . BETHRED (Bhsid) )T
AT 2R SR RDE AL, Anic B A R,

FEH TR Gy R iy R 18 H T B R 54k
BL2YR, a0 P LT DNA
FE A I %0 i AR R L R E R A0, AIAE
MR K & B RIS B S A I T R S
Z R W) S T array-CGH ., E0 5 HE X
&, FIH NGS HoARMPLI, AIFEEAFE 41K
AN BT T BN  o EE R ArFhRc an
InDel . SNP %, 2 50 B B0k o0k 3k R 7
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(Quantitative trait locus, QTL). FrichiBhik. 4
SN R R E R B, oot TR
B2 %5 15 R R AN HIXE L S B A IR G £
RSB S, PRI 5 HoAth )y 48 Bl

VL EJ5 G i al E— 0 B BRI | 4R
F PRRZE A EICER, . o FhRick T3
—PMRRECE FIE RS EbRil . s FhRidisfg
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Fig. 2  Comparison of different combinations of
identification methods. TM: trait marker; CA:
chromosome analysis; BM: biochemical marker; MM:
molecular marker.
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