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Abstract: Reduced-representation Genome Sequencing (RRGS) was based on the second-generation
high-throughput sequencing technology in which the genome was interrupted by restriction endonuclease
and a large number of genetic polymorphism tag sequences were obtained by high-throughput sequencing
of specific regions of the genome, and then revealing the characteristics of the entire Genome sequence.
This method has the advantages of simple process of library building, cost-effective, and can effectively
reduce the complexity of genome. At present, RRGS has been widely used in the development of
molecular markers, population genetics and phylogeny, construction of high-density genetic map and
quantitative characteristics localization of ornamental plants. In this paper, the technical principle of RRGS
and its research progress in ornamental plants were reviewed, the problems and development prospects
were also discussed.
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1954 4F, Whitfeld (1954) F& T2 BROUR e S5 K A W 1 DAL~ B fdids 9 Bk ) DNA I, H
eI TP EARM 5, HlE T HEAREB, A e, AT ZMH: 1977 4, %T PCR
HOR ) Sanger W o 5 — AR P HOR AR, (BIGEE/DN . oA E, NMAMZ 3 Z); 2005 4,
Margulies % (2005) 7E Nature &3 7 2T HEBRN)T (Pyrosequencing) 7774 Roche/454 FEMER
W, AT AR (Next-generation sequencing, NGS) B i & 5 FIRSAX; B 5 SCAH 4% H 20
T Tllumina/Solexa A& il 7 A1 ABI/SOLID FE F2 M 7 25 P 52 R (Ansorge, 20090, AR
5 —AAHLE, FEA 22 00 FE L [FYRAL AT B T PCR (93, 172 18 5 50 Ak BER 4 A JE [
HATW, FXTHTWIE TR DNA R BO T ERNT, FAEEE R, P WAL, sesE 4 mmm
PREEH I 2 A RE A AU A R B, R RN T O A A S TR i3 PR 2H R e 5%
M E A BAE .

Luikart %5 (2003) ¥ARIE R E LA TH0 1 8 B AT SE ) 2 S AR IC R B B A RAH, m=
AR AR IR X — AR NPT RE . HAT, PAGK LI 003 9 R 28 = AR L K
JE ik (Rhoads & Au, 2015). fEILIEKIZHM T (Reduced-representation Genome Sequencing, RRGS)
RAE A EEEN PR b, 8 B U] R AR R 4 5 2% B ) — P P R o a7 4 2k DR ZE 000 v i o PR
)14 A7)l ot i PR AH AT T W, o) ik DR AH R o X S AT il s e, 49 BIR St 2 SRS T ),
HET R IUBEAFE A 7 545 AE (Miller et al., 2007). H A0 i A0 FE R P+ AR 2248 mleh v T4
FIFRICTT R T 2 B il i Fy . MR QTL @A, BERIAL 5. R GeT Ak S 4 3 R 40 4 B
JPAEWE A4 (Barchi et al., 2012; Jia et al., 2013). FLIEEHNFHAR O Z BT KHEY)
MG . 2011 4, Pfender &5 (2011) B UK AL FE R AL 5 B AR B H T W H A 225 (Lolium
perenne) H1, JTAFE R AT DR ZH I BOARAE M BREA) T I SR I S N . AR ST g T Ak S DR ZH
PR K RAEM FERE 7 Fhac s BEfkife . B8 . QTL A5 77 1 K soHr it LR, AT
A DR ZEL 0 3 AR AE W B AR v () 87 R B R} 2 B

1 fay A PRI > AR ST A e

1.1 FARFHE

M Miller %5 (2007) #& H AL IEF LM T8, BT AR HI7%, (0 H AR HR 2 %) 35 R 41 33
ATEEY) IR XS BED) Fr BOIAT I« Davey 25 (2011) XJfifb4CR 2/ RRLs (Reduced-representation
library sequencing). & T-BR$IVEEFUIAL 271 DNA W71 RAD-seq (Restriction-site-associated DNA
sequencing ). K78 55 FE LA 43 3 * GBS (Genotyping by sequencing) %5 3 Fji £ #L (1) fj 14 3[R 2H
MFFREAT 1 I, SR AT A AT A 25 AR U — R PR, 40 2b-RAD. SLAF 5. fRi
P A7) It 704 SR B A 0 PR () L [ SR AR A, a0 v BOdEAT I BRI 1 R DRI 2L 1 B 2R
FE, RGP ITIEAE > TARCIT R BRI QTL & RSN T |32 o B ] 4 3k PRI 2 00
FORTERFYIT . NI PRSI A EEZR (R D.

1.2 RRLs ECARRENFRAR

RRLs & 5N F AZERFH SNP EiE#% (Alshuler et al., 2000). van Tassell 2 (2008) &
T ARMWFEAXT RRLs #4177 RAHE A . & ox 2L K4 DNA #HATEEY), W0 aTA = 6 A Bl
RA, 300 ~ 700 bp A B, &N SR, BN . AHEHARN vk b g, (BRI
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RRLs Wl 57 5 SEASERE SN EANF “45%5” (barcode),

HEERT A REABEAT 1T

£1 FEEHEEANFRERI LR
Table 1 Comparison of different reduced-representation genome sequencing
it R s —_—
. R s \ . &
J5 i Enzyme Complexit Bar. HER =) A S ¢
Method digestion omp .CXI Y a Reference ~ Advantage Disadvantage COP.e 04
mode reduction code genome application
method
RRLs D) FEBKERE Xk x LR TehR%E, JEIEIX 2y SNP JFR, PERR
Single enzyme Fragment length No No Less steps BANFE B, k2 R4y
digestion selection No label to #r
distinguish SNP
individual samples development,
characteristics
association,
genetic diversity
analysis
sd-RAD  HiFD) HUBAT Wi f 7 PRICEZ, X read-2 BT de  @EPIREA, B RLIBHE IR
Single enzyme Mechanical Yes No novo PFEEATFHK B N ke
digestion interruption The number of tags is large. de Complex steps of ~ Construction of
novo splicing of read-2 can get ~ database building  high density
longer fragments and costly. genetic map
ddRAD WD) Civi el H x HI4G DNA 8%, @HERAMR  FBEANED st Eiad, i
Double Gel Yes No Low initial DNA content and The number of (LS
enzyme electrophoresis low cost of library construction  fragments is Construction of
digestion relatively small genetic map,
population
genetics
2bRAD 0B HEREY X H H FEBRE—5L WHESRT FBRKEE, 2E HASHERY
Typell B Nothing Yes Yes PRICH SFF5m, N&E Reference genome
Single enzyme The length of fragments is the GG ML is required
digestion same, and the marker density [K141 The length
can be adjusted by joints of fragments is
short. It is not
suitable for
heterozygous and
complex genomes
due to repeated
sequences
sd-GBS YY) PCR F¢fkit A 7 FBUL R R, BESED,  ARicHub, BRRE kR, B
Single enzyme #% Yes No PRAE ) (Svidiged
digestion PCR specific Fragments selection is simple, Low number of Construction of
selection the steps of library building are ~ markers and high ~ genetic map,
few, and the operation is simple missing rate population
genetics
ddGBS XY Liv el El 7 HIkh DNA 8%, BEMRAME A BN RS L R, B
Double Gel Yes No PR Ai 35 The number of PRI L2
enzyme electrophoresis DNA content is low initial, fragments is Construction of
digestion fragments selection is simple relatively small genetic map,
and the distribution of markers population
is uniform genetics
SLAF WD) Livi el El o FBARE B bricl®, ol RS SNPITA, eI
Double Gel Yes  No DARSE A [ H AL BERIOSE DNA R i, Refasik
enzyme electrophoresis AR KT R Bz M Ea
digestion Fragment length is consistent, Non-specific joint SNP
and the number of markers are ~ misuse degraded ~ development,
large. The development scheme ~ short DNA genetic map
of markers can be designed fragments construction,
individually according to population
different species and purposes genetics
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Nielsen 5% (2011) it 1779 RRLs £i0R, £ SR IR B, B AAAE R RS % 5L A,
VUPRE e BORNBE PRI BEAT EEXT, BETITHR 2] SNP ARid; & AR ES IR, 7520 F Bt
AT MRS, T JE X BUEAT P S EERS S fifii SNP.

1.3 RAD-seq B LERE AN FRA

RAD #ric i1 Miller 45 (2007) #2 i, Baird % (2008) % =if & RAD 5 HARBEAT 1 W) I
I o B FH PR A A D) B 0] 120 DNA #E 4T RV, ERED) S 1) 7 B b P18k, VR, 4% 300 ~ 700
bp 1 B BENLAT T, FRRITWIA DNA F BORW A TG P1 k3 Y B P2 #:3k, Xf Fy Btk 4T PCR
T B BT P2 KRR Y 8BSk, MSEEA Pl K 00A P2 5k (1) DNA FAURT LAY 1S . 55 ek i
EHRE A B EHLIT » X B H) RAD-seq &2& T H ) sd-RAD (single digest-RAD) .

B2 T AL FE R 4 AR W & J, Peterson 25 (2012) 274 ! dd-RAD (doubledigest-RAD), RIXX
Y] RAD. K P FP XS B K 2H DNA #EATRED), Gl )R AT Bk 8,  BLAE A —RBg YA siabii
M B8, (AL sd-RAD SR F B D

2b-RAD Hi Wang %5 (2012) $#&H, FRESUZRH 1B YRR P 9 UIBE Re AL O AL s () B AT R
WL sV B, B B —2, @ e L r S R R B A, e 1z s e . (B )y
Bk s, BB EE T, AFT SNP FIHF &, Rk 2b-RAD £ @il Fl /6 H % R A P -,

1.4 GBS BLEELBMFIEAR

Elshire 25 (2011) $& H & T30 3k 47 L K 43 B () GBS M PR o e 32 BROR SRR AR PR i 4
WUIBEAT W B (R 2H, Bl S 4 P28 GBS ek —— S Bk R @ B o B B R b B b, ZE ) A B,
P Sk o b e Sk G sk . bRk HRSHk . il S mEsk: MIERE B
RE, 7E Nlumina WFE-FSHATY G, RAWIA Pk 5@k 195 Bl DA 0

GBS 751K FH BB U)X B R 4 51T DNA BgY), FIH PCR AT v BOK/NERE, WA | BRI S
EAFE RS, wIRREAE AT, il T @ PEP IR, dd-GBS (doubledigest-GBS) R XU 17]
GBS, TEEFM oA Emiis], 5 2b-RAD AHL, KA R EES R H EATREY), 2R RS2
T 2b-RAD 7, ERARG R DRI ZH 78 T A O BRAEG,  (EA2 0 3 AR A X LA

1.5 SLAF &L EREEMFHAR

SLAF K F XU BRI barcode 23k, H Sun %5 (2013) $2. w5 JciBid 4915 Bt ZE R A 3k 47
RIEH BRI, TR T K DNA B Hycl i 96 FLBUERAE, AR BRI IN— 208
3k, WREEIN gk, Mg SLAF WP S e spd sy o7 X3k e 2T 10 54740,
BEME S A AT, SR 2 EMARLE, E2 AN SLAF #4325 BT R K &R 51 SNP A7 4.

SLAF & WAt R I 7 0 — ki, B EE—3, —MRAE 30~ 50 bp, FFH1E EEIARICHT,
SR AR S B 1 D5 o BRI A DI BEEAT 0 ik, PR E & BT ER D) I IR BE B3 mT B
TRUESER 2 B g ERfvE ;s H E RS IdEE 2 . bridBiE S (Wangetal., 2015; B{KEL, 2016).

2 fAI A EE I e S AR HE L BAE A H 0 B

21 ESFHRREFALMTFESRRRPENOEA
MERED PRI AR SR 0%, SR SE A S04, oo B A v el T AR B R oz
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BINNTHE, FEERUBEH 40/, 8 R F oo s AL 1 5 SR i IR AT I 5T AT 2 A AL
Wi I TR AL DR 20 7 B AR A L R A 7 245 ., el AT sl EAs e K

TER A TR 1, AR (2017) % RAD-seq W FH T3t B B A1 25 - E 2 5t 67 =
BITE (Sinoswer tiatetraptera) () SSR FRiCHF & 1, IEXF 4 AN [F]JEHE h E LG £ MRS T IR &
T RAD-seq, H SSR search 34 ¥ fir 453 7 41| 1 SSR, 152 1 Wi & A 22/ 100 bp HJ SSR iz
RS 844 4, HH 4 AR AUEREFR 32 AR 51 o] I 24640, 10 DMENLSI A 4
NI IR Z 5. #EW [ Liriodendron chinense (Hemsl.) Sargent] N =F}MifEtEYy,
H 7 O & 1 AT 4l 5 B AR RS MRS iC T B R . FEmFEE (2019) LLAESEREEMk (L. tulipifera Linn.)
FIHRE HE MR 2258 Fy AR SR A A KL, BRI TR EcoR T #9% 1 RAD 3L, L4 ) 22 019
A~ SNP 7 45, Horb 194 /> SNP AF 528G 3| T I0IE. FBREE S (2019) [FFEELL RAD-seq X 7
Y EYIF R EH4LES (Rhododendron henanense subsp. lingbaoense) AT T hric &k, AHRI 50
SER IR I 3CFE .

PEE (2018) EIEWEFE R (Iris dichotoma Pall.) ] 4 MEA RIS T (Belamcanda
chinensis L.) #E47 RAD-seq MIFE, FLIRBIHI T 31 014 /> SNP #1116 012 4> SSR, FH#E4T T & S A
[FEJE LT, RHE MO SSRGS e K T BHEEN . EMIEMIERS (Halenia ellipitica D. Don)-
TR (Elymus nutans)~ 17 H3% (Helianthus annuus L.) 253 S AEY) L YA N a4k 3 D8] 2H 30
FHEARAT TR (XG55, 2018; H9 45, 2018; EAR %5, 2018).

22 HARBPEERREREGAXEF EHNA

WEAEVFIR R RER, ZREDFIAIE R H RSk, B W EHE IR K5 %
JE A T ARK I R A

Wang & (2017) B.H] RAD-seq X ALSEFATIER) 36 ANFHEAT T 0 RFMAG KB R R, I
K15 1100 /i %k reads, 2 T EKIIEIEE, RAD-seq KA K B L0 8 MBS, IR KFEE
FEEES RS RS (2019) M GBS HARN SN A % 5 AN HWEALE ) 100 43 70
TRUR AL O RFAT AL, 25 RARBIH A 4 NI4T B 0 o Zop B AT RE A7 7R AR [F) B I A% 15 5t
TRV (2019) 51N 4 1 BT M i A S H GBS BOREAT 1 8L 25 1K 04, 19 31 52 A1
JHZRAR B T R LA 50K 985 S 2 T 7 Mo BRI 4

RSB YA EE AW EANE, ErhEARSEREE R, RS R E T A g
B 2z K55 (2019) MA RAD sl &7 HRXS 85 4 1A% & IR 1 2 st AT i 7T, 3749 620 371
A~ SNP £z g, [AB3ET PCA. Structure RE K R K BEM IR, SCRF T B RT/E &K%
A, MERAFHKE SNP AL AT X 73 AL RS ALV J& AL N R e b 28 BRTIR, fajfr 28 R 40
W BORAE WL BB B2 2 SRR 73 S 5 WA Ft € J7 T B AT AT
2.3 FEREEEWE ERNA

e SR T A4 DR AH U 2 AR R AR UL A ) F (1) 72 Pfender (2011) X HZEEL (Lolium perenne)
PN SEATN 188 N1 4RIHEAT RAD-seq, & 156 1 5REZELN) RAD mi% BEsHE Bl . 2 Ja a2k
AT 20 5 AR A UL B4 R A v 8 P A% RS A i B N RSk 22, o 7O E Y B AT A
M TTiEZ— (& 2).
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&2 BHERANFERHEVESGEHNERLIHER QTL ENNNEA
Table2 Application of RRGS in linkage genetic map construction and QTL localization in ornamental plants

LSS AL Genetic map

. 4/ ZHX

2N N TR T . -
%ﬂl. Popula- Rlaats Number of EHHE KM oM B A QTL .E{\./‘ . . "
Species tion Type markers Linkage Total map Average M M Quantitative trait loci Refer-

type group length inter-locus  Female Male ence

and size distance
L 188 F; SSR, 1156 (BEA& 7 738 721 PUEB Pfender
Lolium STS, RAD Female), Stem rust resistance etal.,
perenne L. 1216 (XA 2011

Male)
T 148 F; SLAF 6 448 15 3965 1 Ma et
Camellia al., 2015
sinensis
g4 387F, SLAF 8 007 8 1550.62  0.195 TR MR Zhang et
Prunus Weeping trait al., 2015
mume Sieb.
M 195F, SLAF 1189 5 920.67 0.774 Biv M FEAIIRSEAE KA Cai et
Paeonia IR al., 2015
Sect. Moutan Stem trait, leaf trait, flower
trait and fruit trait
i 200F, SLAF 6737 38 549745 0.82 Zhang et
Salix al., 2016
matsudana
HEAE 129F; SLAF 14189 23 296246  0.21 He et
Osmanthus al., 2017
fragrans
Lour.
Fifiet 111 F; SLAF 8573 19 273749 032 ESCE2 3 A Luet
Dendrobium Stem total polysaccharide  al., 2018
nobile Lindl. content
Zhang % (2015) ZEVIMAE (Prunus mume) W] ‘NI Wy E A 4458 Fi BEARAE NIER

R, 193165 T 8 007 /> SLAF Fric B/ % Bt L E S K1, 38R 4 0.195 cM. AHECTHifE
Aif R A AFLP H1 SSR bric f i (g 4% B, A SLAF fEbRic g Abnid s B2 B3 7 A 2 K m)
T GBOBrT:, 20115 FMIESE, 201300 NINTRAGIE 70+ B AR, AHSCHE IR 1R 67 S 48 7 1 AR
TRIEHLR PR AL 7 R ER LA . Cai 5(2015) 5 F] SLAF W 73} o [H 4% Gt 44 46 (14T (Paeonia Sect.
Moutan) AT %5 BB G IS (MR g, 2257 1 IR A 920.67 cM, P-HIEEE N 0.774 oM [¥58 — 5k
M R RS . HEr W E Y)W (Salix matsudana)~ 1AL (Osmanthus fragrans Lour.) X
fif§t (Dendrobium nobile Lindl.) 25 $5)380 ik {7 A4 3 R 200 7 B AR M Bl ) v 8 B st A PRI, W A )
BV FE N« MR A St B AP BE5E 1R 2EAl (Maetal.,, 2015; Zhangetal., 2016; Heet
al., 2017; Luetal., 2018),

24 #FEQTL EMM ERINA

TR R A F AR K QTL eI T B ik (3R 2). Zhang %5 (2015) DLEASZAUMGIE O
e AR AL R e TER NSEA, FIH SLAF MFHEAR, WMo @ R G QTL e 7E
T T IEMREL 69.63 ~ 75.52 cM X3k, T T 9 ANEEEARFALARSI TR S 9 AN
R MR IDR BB, KA (2015 L CRPFET M EHAE CaT ARTER,
FIFH SLAF W7, XH4tFH 27 M EEMARIEAT T QTL 208, L1593 49 4> QTL, AR R
i) 8.3% ~ 71.9%.
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] Ao Ak R AL I 3 A o 00 B2 A A 470 A BT S ARG A S R DR 4% 7 T 2 BT B 225 3o Pfender
% (2011) FH RAD-seq X H& 2 FLEF R AHOCIE RIEAT 0@ AL, I8 PUREE I L 5 BAE SR AR 44 2L
RATEHR 1. 6. 7 EBRELEN T 3 MUK QTL. Lu & (2018) LAt (Dendrobium
moniliforme) NEEA, 2 Bz £ 8t (D. officinale) NXA, N H SLAF FridEfL /5228 2S5 (STPO)
AR 5 A QTL, A2 HEACUAH DIk DR 42408 A HoAth 24 FH AR AH S 1 AR 0 5 A7 25 58 JE Al

3 S REE

A5 DAL I P B ARAE S o it A vh 2 SN B 22, L8 Rl o Bt o A ARIZ 1 M 22 14
THEM AR AR AR R B, H AT 2 R 0 3 TR R e i) T AR AR it — 2
s Sehh, EM S L RIS E T, BT AR SRR s, KECR AL Fy BER AT
W, R 7R e EE R — P R . PRI SARSERTTE H 8 . AR, A
XTI o

bt AR B AR BRI P ARASBORGBRAR,  fe] A B DAL P D LR RE s BRAR R, A
Wik MARARER. AFHSHRERASR A Z N TEY D TAReIF k. Bk, Eikwgs
QTL ENC AW T U F AT, B a3k R AL PP A AN T A e, feT A 35k DR 2L 0 P B R AE WL B A )
I FCABEA IR, FeRIX B S H 3L A . SERA LR E M =, =0t 7 AR
Jrid, WA T RN . S T B RIS AOR R S A A 5 A K AL N e AR G
s ATDLE 3R 2k R AR
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