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Abstract

To develop scab-resistant pear (Pyrus spp.) varieties with fruits that are as crisp and juicy as

Asian pears, a cross was made between ‘Whangkeumbae’ and ‘Bartlett’ varieties (P. pyrifolia %

P. communis) at the Pear Research Institute of the National Institute of Horticultural & Herbal

Science, Rural Development Administration, in 1994. Among the 285 seedlings, ‘Greensis’ was

first selected in 2006 for its good eating quality and named in 2012 after regional adaptation

tests in nine regions and ten experimental plots from 2007 to 2012. The tree showed a vigorous

growth habit and semi-spreading characteristics, like “Whangkeumbae’. The optimum fruit

harvest date was also around Sept. 26 and fruit was round in shape and green in skin color at

maturity. Average fruit weight was 470g, and the soluble solids content was 12.4°Brix. The

flesh was very crisp and juicy, and had good eating quality. Its’ leaf size was similar with

‘Bartlett’ and smaller than ‘Whangkeumbae’. The average of full bloom date of ‘Greensis’

was determined as Apr. 26, which was six days later than “Whangkeumbae’ and similar

with ‘Bartlett’. S genotypes of ‘Greensis’ were identified as S4Se by S-allele PCR product

sequencing analysis. It seems that the S4 allele was inherited from ‘Whangkeumbae’ and

the Se allele from ‘Bartlett’. ‘Greensis’ displayed strong resistance to scab disease caused by

Venturia nashicola, similar to European pear cultivars like ‘Beurre Hardy’ and, ‘Conference’.

‘Greensis’ was also highly resistant to black leaf spot (Alternaria kikuchiana) in the field

Additional key words: Alternaria kikuchi, crossing breeding, diseases resistance, interspecific

hybrid, Pyrus pyrifolia, self-incompatibility, Venturia nashicola
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A
Seedlings Regional Final
Produce Crossing
planting selection 1st-3st adaptability test selection
Year 1994 1995 2006 2007-2012 2012
Whangkeumbae () 17:9-1 9 regions
« ’ 17930 (10 places) ‘Greensis’
' Wonkyo Na-55
Bartett(5) 179285
No. of
100 flowers 285 1 1 1
lines
B

‘Bartlett (8)
‘Greensis’
Fig. 1. Pedigree diagram of ‘Greensis pear (A) and shape of fruit and flower (B).
Table 1. Pear scab incidence of the six pear cultivars by artificial inoculation.
Cultivar Species Scab incidence” (%)
Beurre Hardy P communis 00b
Conference P communis 28b
Chuhwangbae P, pyrifolia 7.1b
Joyskin P, pyrifolia 443 ab
Niitaka P, pyrifolia 694 a
Greensis P, pyrifolia x P communis 33b

“Scab incidence was surveyed as number of leaves that had one or more lesions of total leaf or petiole in 2012.
*Means separation within columns by Duncan’s multiple range test, p < 0.05.
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Table 2. Tree characteristics and disease resistance of ‘Greensis’ in Naju from 2009 to 2012.

) . Spur Discase resistance
Cultivar Tree vigor Tree form .
formation Scab Black leaf spot
Greensis Vigorous Semi spreading Medium Resistant Resistant
Whangkeumbae Vigorous Semi spreading Good Susceptible Resistant
Bartlett Medium Spreading Good Resistant Resistant

RN U 5 Bt 4717199 26202 TR B 109 71 2 S48 01 o]tk S Aol K Table 3), 3}
%-2470g Welo 1, 92U 0 2 A2 T oAl eE F449e] 1 ehS Bartlet 2 7h 717 Oke/Bmme
2 Theleha, BB AT, TN TR 23 SmmgZ 15k 3150] FR9 A S 542 B,

Table 3. Fruit characteristics of ‘Greensis’ at Naju from 2009 to 2012.

. Fruit weight Fruit SSC Flesh texture Flesh
Cultivar Harvest
(2) shape (°Bx) (kg/8mme) texture
Greensis Sept. 26 468+ 6" Round 123+02 23+03 Soft
Whangkeumbae Sept. 15 502+54 Round 123+02 24+0.1 Soft
Bartlett' Sept. 10 255+67 Obovate 11.9+08 78+23 Hard
"Means + SD.
YUnripened fruits were used.
TN = 4 269 = -efueh 5= APESQ] ATl HIs) 9-109 A= om, FARIRI e et oF 62o] =11, 5}
221 Bartlett 7t AR HO & 0|9} 72 7j5}7] O] A2 SRR %10 Joks W2 21 0 & A7 THTable 4.). “Fau 2 71
A2 557 7]30] .89} sto] i 210] W]8] Bartlett & 0] ZAJ61L, 144me/1008}0) 27}57} 2A4wIlek 1
BIAI2 0] 8j7] 7P oFlaeh Tha 2 Hake Uepict,

Table 4. Flower characteristics of ‘Greensis’ at Naju from 2009 to 2012.

Cultivar Fullbloomdate =~ Number of flowers  Position of petal Size of corolla Pubescence on the Pollen

per inflorescence margins base of stigma (mg/100flowers)
Greensis Apr. 26 6.7+0.9 Trregular Small Absent None
Whangkeumbae Apr. 20 79+1.1 Irregular Medium Absent None
Bartlett Apr. 25 62+08 Apart Medium Present 144+9
"Means + SD.
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Table 5. Leaf characteristics of ‘Greensis’ at Naju from 2009 to 2012.

. Size Shape
Cultivar - -
Length (cm) Width (cm) Intactness Apex Base Margin
Greensis 8.5+0.6" 72+04 Round Rounded Rounded Serrate
‘Whangkeumbae 108+13 83+0.8 Elliptic Rounded Rounded Serrate
Bartlett 73+04 42+02 Narrow elliptic Right angled Right angled Crenate
"Means + SD.

I =X =
EZo| 59 S

Faul 2} Bartlett 2 wHlfoe] S99 TN A ) A7 HaRtel QIAF Q1S 916]| Takasaki et al.(2004)2] H R o] S]] PCR
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A 1 10 20 30 40 50 60 70 80 EY 100 110 120 13(|)

GreensisS4 join 'i'TTTIICEEﬁEEEMTﬂTCﬁBCEGECCGTIITEtﬂD:?CI'MTCI:'lSII:TI:I.‘.T'IG'IFIIICGRTECTM'IGRERM'IT&TTTHEBGTTERCEGTTI'G|'BGECTTCMMBGMTGGEETGEECIIMMMTG
S4  TTTRCGCAG-CARTATCAGCCGGCCGTATGCARCTCTAATCCTACTCCTTGTARCGATCCTACTGACARGTTGTTTACGGTTCACGGTTTGTGECCTTCARACAGGARTGGRCCTGACCCAGARARATG
Consensus . TTTACGCAG, CARTATCAGCCGGCCGTATGCARCTCTAATCCTACTCCTTGTARCGATCCTACTGACARGTTGTTTACGGET TCACGRTTTGTGGCCTTCARACAGGARTEGACC TGACCCAGRARRATG

131 140 150 160 170 180 190 200 210 220 230 240 250 260
|

| I

GreensisS4 join  CARGACTACARCCATGART TCTCAGARGGTARTAT TATTARTARTGAGATAGTCAATATTGTTTATTTCATTTATGCACGTGTGTATATATACATTACATATGCTCAGCATAGAT TTTCATGCACGCCTG
S4 CARGACTACARCCATGARTTCTCAGARGGTAATAT TATTARTARTGAGATAGTCARTATTGTTTATTTCATTTATGCACGTGTGTATATATACATTRCATATGCTCAGCATAGATTTTCATGCACGCCTG
Consensus - CARGACTACARCCATGARTTCTCAGARGGTARTAT TATTRATARTGAGATAGTCARTATTGTTTATTTCATTTATGCACGTGTGTATATATACATTACATATGC TCAGCATAGATTTTCATGCACGCCTG

%61 270 280 290 300 310 320 330 340 350 360 379
GreenSiSSleOSi?l i‘GEHRHTHTTHI:MTTI\HTTTMRHTTTIlﬂI'L‘ﬂTGIIRl"lGTTI‘CI‘BTTHTRI‘IIHTIFﬂFl'lTliTEBﬁﬂTﬂBGHHNTﬂTEﬁEﬂBCCENBTTBﬁMBTTRI'TIEGEL‘GH’ICGI’

TGCARATATTACAATTAATTTARART TTARTCATGARTTGTTTCTATTATATAATTATATTGTCAGATAGGARATATGACAGCCCAGT TGGAAATTATTTGGCCGARCGT
Consensus  TGCARATATTACARTTARTTTARART TTARTCATGAATTGTTTCTATTATATAATTATATTGTCAGATAGGAARTATGACAGCCCAGT TGGARAT TATTTGECCGRACGT

B 1 10 20 30 40 50 60 70 80 0 100 110 120 130
1 1
Greensis se  TTTTRNTGTTG! GCARTTCTARTCCTACTCAT-GTF TGGTTACGGT TCACGGTTTGTGGCCTTCARAC TCTATGGACC TGAC
Willams_se TTRCGGTTCACGGTT AC
Beurre_se TTACGGTTCRCGGTTTGTGGLL €
Rocha_se ! umnumuu.irn_u.l.n | L iLmlllulmultﬂmmimlﬁGﬁoﬂ L
Clapps_se TTTRCGCAGCAATRTCAS TRTGEAACTCTAATCE CGATCGTCCTGRARAAT TGTTTACGGT TCACGGTTTGTGECCT TCARRCTCTRATGGACCTGAC
CONSENSUS v wwsusnsssss TTTACGCAGCRATRICAGCC! B TCEARE TETARTCCTACTCETL TMIL‘:Y! TGALAARTTGLTTACGGTTCACGGTTTGTGGCCTTCARRCTCTRATGEACCTGAC
131 140 150 160 170 180 190 200 210 220 230 240 250 260

Greensis_se  CCAGTARACTGENRGCOGARARCCARGGTGEC TCAGGCGCAGCAGCCEGTAATTTATCTGAAAGY T TAACT TTCCCTCTC TRARCACAT I'T‘lT'IETIIII:TI'ITMIII:FI'IEG'IHTEG'IHTTTNI’EI‘[M'I
Willams_se  CCAGTARACTGCAAGCCCARAACCARCGTGLCTCRGCCCCACCAGCCLGTAATTTATCTGARAGTTTAACTTTCCCTCTCTARACACATTTTTTCTAGCCTATAACCCATCGTATCGTATTTATCACAAT
Beurre se  CCRGTRAACTGERAGCCGAAAACCARGGTGEL TCAGGCGCAGCAGCCHGTRATTTATCTGAARGY TTAACT TTCCCTCTCTRARCACAT TTTTTCTAGCCTATRACCCATCGIATCGYAT T TRTCACAAT
Rocha se  CCRGIAAACTGENAGCCGARARCLAAGG T GLCTCAGGCGCRGLAGCCHGTAATT TATCTGARAGT HWTTYCDCTCTC'mHIH lTH;l'ml:l:Tl\'lml:-ﬂ'iuilﬂll:(ilﬂl’f'lﬂim'l

Clapps_se  CCRGTAMACTGLRAGCCGRAARCCRAGGTGLC | CREGCGCAGCAGCCGGTRATT TATCTGAARGT T TARCT T TCCCTCTCTRARCACAT I TTTTCTRGCCTATAACCCATCGTATCGIATTTRTCACAAT
Consensus ~ CCAGTAAACTGLARGCCGRAARCCARGGTGLC TCAGGCGCAGCAGCCEGTRATTTATCTGAARGT nmnlcccrcrelmmm TTTTICTAGCCTATRACCCATCGTATCGTATTTATCACAAT
261 270 280 290 300 310 320 330 340 350 360 370 380 3%

QGreensis se  RARACCCAATRATCAGAATCCAACTARACAACTTRECARATTATTTTGTGTGTCATTTTTTTATATTTTTTARATCTCTAATATGCCCTCATC TARGCCAGTATGGARAGCTCTTGTARTTRCGTTTTAR
Willams “se Mﬂﬂ(ccﬂﬂim‘lcﬂﬁﬂﬁ?tcﬂmlmm TTRCCARRTTATTTTRTGTGTCATTTTTTITATA lT‘lT'UWTC'IC'l!'l"ﬂ!ﬁ(cc'lt!l'lt'lﬂmcml’ﬂ[w TCTTGTARTTRACGTTTTAR
eurre_se  AARACCCAATRATCAGANTCCANC TARACAAC TTRCCAAATTATTTTGTGTGTCATTITTTTATATTITITARATCTCTAATATCCCCYCATC (GGARAGCTCTTGTAATTACGTTTTAR
Rocha se  AARACCCAATARTCAGRATCCAACTARACRACT TRCCAAATTATTTTGTGTGTCATTTITITATATTTTTTAAAT CTt!FII'IRIGCCC'IC‘"C'IMCmYHImE!E TTGTARTTACGTTTTAA
Clapps_se  AARACCCAATARTCAGRATCCAACTARACARC T IRCCAART TATTTTGTGIGTCATTTTTTTATATTTTTTARATCTCTAATATGCCCTCATCTRRGCCAGTATGGARAGCTCT TGTAATTRCGTTTTAA
Consensus  RARACCCAATRATCAGAATCCRACTARACAACT TRCCAART TATTTTGTGTGTCATTITTITATATTITITRAATCTCTAATATGCCCTCATC TRAGCCAGTATGGARAGCTCT TGTAAT TRCGTTTTAR

391 400 410 420 430 440 450 460 470 480 490 500 510 520

Greensis_se TTGATGACATGCATCCART TTGGCAAGGT T TTGTAGCCARGRAATCTAGT TCARAATGTRGGATTTAATTTGGAAATATTTTICATTTCARCARTARATTTCGATTTGAATATACCTARTTTTAGGGTTT
Willamsse  TT6ATGACATGEATCCAATTTGGCARGGT ITTGTAGCCARGRANTC TRGTTCRRRATGTRGGATTTAATTTGGARATATTTTTCATTTCRACRAATRAATTTCGATTTGARTATACCTARTTTTAGGGTTT
Beurre_se TYISR'IMHIGE01ECR“1TIGGCMIGI TTIGTRAGCCARGARATCTAGT TCARRATGTAGGAT TTAAT TTGGAARTATTTTTCATTTCARCANTARATTTCGATTTGAATATACCTARTTTTAGGGTTT

Clapps se T IGATGRCATGEATCCRAT | TGGCRAGGT I T IGIRGCCARGRAATC TRGT TCRARATGTRGGAT Y TAATTTGGAAATATTTTTCAT T TCRACRATRRATT TCGATTTGARTATACCTRAATTTTAGGGTTT
Consensus  TTGATGACATGEATCCAATTTGGCAAGGT TTTGTRGCCAAGRAATCTRGTTCRARATGTAGGAT T TRATTTGGARATATTTTTCATTTCARCAATRAATTTCGATT TGRATATACCTARTTTTAGGGTTT

?21 530 540 550 560 570 580 590 600 610 620 630 640 65(?

Greensis se  RATITCAACRATATATATTGTTTRATTTTATARRARTAACATAGCTACTATGRRACT TACCTACGGT TTATTTTCT TATGARRRT TATGCACCTRCCT TTGAATTTIGACAARGT TRATGTATCTGCTTT
Wiliams se  AATTTCAACAATATACATTGTTTAATT “ﬂTNHHM IMCH TRGCTAC TATGARACT TRCCTACGGT TTATTTTCT TATGAGART TATGCACC TRCCTTTGRATTTTGACAARGT TRATGTATCTGCTTT
BeurreZse  AATTTCAACAATATATATTGTTTRATTTTATAARAATARCATAGCTAC TATGRAAC T TACCTACGGT TTATTTTCTTATGARART TATGCACC TRCCTTTGAAT TTIGACAARGT TAATGTATCTGCTTT
Rocha_se  AATTTCARCANTATATATTGTTTAATT "RTRMIMEF"MCTMTRTM"RICTMGGT'IT!ITTYTCI’TﬂIGlIRFIlI"’RlGC!I:E'IRCETTTGM"'TIWMITJ"IRTG"!TCTGCI"
Clapps_se  RATITCRACRATATHTATTGT TTAAT 1T TATAARARTAACATAGC TAC TATGRARCT TRCCTACGGT TTATTTTCT TATGARART TATGCACC TRCCT T TGAAT TTIGACRARGT TARTGTATCTGCTTT
Consensus ~ RATTTCAACRATATALATTGTTTRATTTTATAARARTAACATAGCTACTATGRARCT TRCCTACGGTTTATTTTCT TATGAART TATGCACCTRCCTTTGAAT TTIGACARAGT TRATGTATCTGLTTT

651 660 670 680 690 700 710 720 730 740 750 760 770 780

Greensis_se 1nmnnnmncnmnﬂmﬁ‘rmtcmcm:rnrIm’nﬁmnmmmmmnmmmmnmm'r‘rcnmmm!nmltrmnrmnfmﬁmrmmnﬁncncmnnm
Wiliamsse  YTTIRATTTTTRACAARAC TTACCTRCTTCTTITTATAGTATTRGCATACATARTATGTRGAACATATGT TCGTATGTATTTGATCTAATTTAGTTTTGGATIGGGGARGT TCI
eurre_se In"IT”I"lI“ﬂml’l:'lIm"MC]IIII'l:TTITIHTM]"T'MIHIMI“RI’IH TAGARCATATGT TCGTATGTATTTGATCTAATTTAGTTTTGGATTGGGGARGT TCACACAAAAT TRAM
Rocha_se 'lnIMTII'l"I'Kﬂmlt'lI“GYIMC‘JFII"ZI'TI'l'IRTNE'I'HI'MIHIMI”HI’BIG‘IHMHIRTE"I:G"“lﬂﬁlI'EGﬂ'lCTM'ITTI'IJ'”TI’Eﬁﬁ TGGGGARGT TCACACARAAT TRAR
Clapps se  TTTIRATYTTTRACARANC TARGTTACCT CITITTATAGTATTAGTATRCATARTATGTAGRACATATGTTCGIATGTATTTGATCTAATTTAGTTTTGGATTGGGGARGT TCACACARAAT TAAA
Consensus n:nm'rnnmnmmlmnmc:mmnlrmrmlanmnmﬂmuarnmmmnmmncsmmmn:mmrmlnmnrrmnmmtIcncmmrm

7IS1 790 800 810 820 830 840 850 860 870 880 890 900 91 Q

Greensis se g1 TGARTARGAGATATOGTGECCTGATTY ACARAT TCATGGACATCTTTTGT TCARCATGACATCTTATTCARRTTTTGAGTTTTACTT TCATCATRCATET

Willamsse  yg1¢ ARGAGATATGGTGGCC TTATATATARRCACAAAT TCATGEACATCTTTTGT TCAACAT TTATTCAARTTTTGAGTTTTACTT TCATCATACATGT
Beure se  yg il ARRCACARA GGACATCTTTTGTTCAACATG TRTTCARATTTTGAGT TCATCATACATGT
Rocha_se L oA TATATATRRACACRANT TCATCEACATCTTTTGTTCAACA TTTTHCTTROHGTCATRTRCATGIS
Clapps se 161 ATATATARRCRCAAAT TRTTCAARA GAGTTTTAC

Consensus IG'II:]EIIIHHWIlEﬂHTmTH’Bﬁ]mC]H"l'lﬂlﬁlﬁl'mmm"II.TIIISIERENIE]I]TETTCWIGII:II":‘l'Iﬂl'EHHHTIIIEHﬁTTl'IﬂCIIFIim]CRICRTIIHI’E"iE

=

Fig. 2. Sequence alignment of 380 bp and 1,000 bp PCR products of ‘Greensis’. (A) 380 bp PCR product and Sa allele of ‘Nijisseiki’
complete CDs (GenBank: AB009385.1), (B) 1,000 bp PCR product and Se allele of Williams (GenBank: DQ871234), Beurre
Precoce Morettini (DQ871231), Rocha (DQ663567), and Clapp’s Favorite (DQ871227) partial CDs in Pyrus communis.

Table 6. Characteristics of ‘Greensis’ in various regions.

Region bi:)llm Harvest Fruit (\;;elght (E]ig) t};:lrle Grittiness
Cheongwon Apr.21 Sept. 23 444 +38° 124+0.6 Soft Negligible
Chuncheon Apr. 19 Oct. 1 480+£22 11.6+0.9 Soft Negligible
Daegu Apr. 10 Oct. 4 507+33 123+£0.7 Soft Negligible
Hwaseong Apr. 17 Oct. 4 397+119 122409 Soft Negligible
Iksan Apr. 12 Sept. 29 378 +37 121+12 Soft Negligible
Jinju Apr. 12 Sept. 21 460+ 57 123+1.6 Soft Negligible
Naju’ Apr. 11 Sept. 23 455+37 133+1.1 Soft Negligible
Suwon Apr.21 Oct. 1 471+77 124+1.0 Soft Medium
Yesan Apr. 20 Sept. 27 416+38 121£0.7 Soft Negligible

“Means + SD.
“Data in Naju were calculated with two experimental plots on average.
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