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ABSTRACT

Recent quince breeding programs has resulted in release of new cultivar Viduja and Behta and presentation of
promising Esfahan-2, Esfahan-3 and Esfahan 5 genotypes. This research was conducted to discriminate these
cultivars by morphological and molecular markers. Morphological markers were based on 38 characteristics from
discrimination, uniformity and stability (DUS) tests, while for molecular markers, 15 primer pairs of apple and pear
SSR markers were used. Cluster analysis on morphologlc and banding pattern of SSR marker demonstrated
distinctness of all evaluated cultivars and promising genotypes. Among morphological markers, tree vigor and
growth habit, shoot color and position of bud in relation to the shoot, leaf size and undulation of blades bloom color
and fruit traits were key characteristics. Cultivar Esfahan, based on tree growth habit and fruit shape, cv. Viduja
based on tree form and leaf blade undulation, bloom color and flowering time have been discriminated, while In
Esfahan-2, Esfahan-3, Behta and Esfahan-5, the fruit shape, position of but in relation to the shoot, fruit neck and
finally green-brown of shoot color, respectlvely were the most discriminative characteristics. In molecular markers,
10 polymorph alleles with mean 3.3 alleles per locus were observed. The highest allele numbers and PIC indices were
observed for CH05d04, CH04al2 and CHO2b10 primer pairs. Three primer pairs belong to CH04a12, CH05d04 and
Ch02b10, SSR loci were more discriminative and three primer pairs, including NHO15a, CH04a12 and NB103a with
one of the CH01d08, CH05d04 or NH011b were adequately discriminative for all evaluated quinces.
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Table 1. Name and nucleotide sequence of primers used for discrimination of quince commercial and promising
cultivars by simple sequence repeats (SSR) markers

No. Primer set names

Forward and reverse primers

Selected primers from apple (Gianfranceschi et al. 1998, Guilford et al. 1997, Hokanson, et al.2001, Liebhard et al. 2002)

1 CHO05d04 act tgt gag ccg tga gag gt tcc gaa ggt atg ctt cga tt

2 NZ02b01 ccg tga tga caa agt gca tga atg agt ttg atg ccc ttg ga

3 CHO04a12 cag cct gca act gca ctt at atc cat ggt ccc ata aac ca

4 CHO04e03 ttg aag atg ttt ggc tgt gc tgc atg tct gtc tec tee at

5 CHO02h11a cgt ggc atg cct atc att tg ctg ttt gaa ccg ctt cct tc

6 CHO03g06 atc cca cag ctt ctg ttt ttg tca cag aga atc aca agg tgg a

7 CHO02b10 caa gga aat cat caa aga ttc aag caa gtg gct tcg gat agt tg

8 CH02d08 tcc aaa atg gceg tac cte tc gca gac act cac tca cta tct ctc

9 CHO01d08 ctc cgc cgc tat aac act tc tac tct gga ggg tat gtc aaa g
Selected primers from pear (Yamamoto et al. 2002a, 2002b, 2002¢ & 2004)

1 NB103a ttg tag gga aaa tga agc ca gtg ttg ata ctc tct ctc tc

2 NHO030a gca aca gat agg agc aaa gag gc tcc aaa gtt caa cac aga tca aga g

3 NHO029a gaa gaa aac cag agc agg gca cct ccc gtc tce cac cat ctt ag

4 NHO015a ttg tgc cct ttt tee tac ¢ ctt tga tgt tac ccc ttg ctg

5 NHO011b got tca cat aga gag aga gag ttt gcc gtt gga ccg age

6 NHO007b tac ctt gat ggg aac tga ac aat agt aga ttg caa tta ctc
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Table 2. Comparison of various morphological characteristics used for discrimination and identification of quince
commercial and promising cultivars according to the UPOV (2003) descriptor

Quince commercial and promising cultivars

Tree part Characteristics Importance Esfahan Viduja Behta Esfahan-2 Esfahan-3 Esfahan-5
1 Tree Treevigor * 5 5 5 5 3 3
2 Tree habit * 1 2 1 2 3 3
3 Shoots Growth form 1 3 2 2 2 2
4 Internode length 3 3 3 5 5 5
5 Pubescence (upper third) * 5+7 5 7 7 7 5+7
6 Color * 5 3 4 3 4 2
7 Size of lenticels 5 5 5 3 5 3
8 Vegetative bud position 1 1 1 1 2 1
9 Leaves Attitude * 243 3 1+2 3 2 3
10 Length * 3 7 7 5 1 5
11 Width * 5 5 5 3 3 3
12 Shape * 3 2+3 3 3+(5) 1+3 1
13 Shape of base 2 2 2 2+4 2 2
14 Angle at apex * 243 3 3 2+3 3 3
15 Length of tips * 3+5 3+5 345 345 3 3
16 Profile in cross section 2 2 1 2 1+2 1+2
17 Undulation of margin 3 5 1 3 1 1
18 Petiole Length 7 5 5 7 5 3
19 Stipule Size 5 3 5 5 1 1
20 Blooms Size * 5 5 5 7 3 3+5
21 Color 2 1 2 1 2 1
22 Arrangement of petals 3 3 3 3 2+3 3
23 Petal shape 1 2 1 2 2 2
24 Undulation of margin of petals 5 3+5 3 5 3 5
25 Stigma position relative to anthers 1 1 2 1 1 1
26  Fruits Size * 7 5 7 5 5 5
27 General shape in longitudinal section * 2 2 2+4 2+4 1 2
28 Symmetry in longitudinal section * 2 2 2 2 2 2
29 Neck * 9 1 9 1 9 9
30 Length of neck * 5 5 3 3
31 Prominence of ribs at stalk end * 3 3 5 7 5 5
32 Prominence of ribs at calyx end * 5 5 5 7 5 3+5
33 Stalk cavity 3 3 5 3 3 3
34 Size of eye basin 5 5 7 5 5 5
35 Color 4 4 4 4 4 4
36 Time Time of leaf bud burst * 7 3 5 3 5 3
37 Time of beginning of flowering * 5 3 5 3 3 3
38 Time of beginning of fruit ripening * 7 7 7 7 7 7
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- Asterisked characteristics mean important and key characteristic for discrimination and identification of quince cultivars according to the UPOV
(2003) descriptor. Rare codes signed in the parenthesis are not in UPOV (2003) quince descriptor, but used from national quince descriptor of Iran
(Khandan et al., 2011). In the presented traits, lower codes demonstrate lower length or width, columnar growth, low pubescence, narrow angles,
superficial cavities of the fruits, bright color of shoots and early burst of buds and blooms or fruit ripening. Higher codes demonstrate upper levels of

the above-mentioned characters (UPOV, 2003).
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Figure 1. Comparison of the growth habit and tree form after fall (first row from up) and in bearing period (second
row from up), color and form of one year old shoots (third row from up), position of vegetative bud in relation to
shoot (forth row from up), color and form of leaf (fifth row from up), color and form of bloom (flower) (sixth row
from up) and general form of fruit (last row) in commercial and promising quince cultivars used in this research.
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and promising genotypes of evaluated quinces
according to the Ward's method
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Table 3. Results of polymerase chain reaction on simple sequence repeat loci of evaluated commercial and promising

quince cultivars aimed at identification and discrimination of cultivars

Gene locus Annealing temperature (°C) Size of bands (bp) Alleles number(No) PIC
Selected primers from apple
1 CHO05d04 53 185-196 6 0.83
2 NZ02b01
3 CHO04a12 56.5 184-203 6 0.89
4 CHO04e03 57 193 1
5 CHO02h11a - -
6 CHO03g06 54 136-153 2 0.60
7 CH02b10 58 176-188 6 0.84
8 CH02d08 58 150-152 3 0.79
9 CHO01d08 54.5 157-172 3 0.77
Selected primers from pear
10 NHO007b 55 193-197 2 0.81
11 NB103a 56 137-150 3 0.85
12 NHO030a 56 220 1
13 NHO029a - -
14 NHO015a 55 136-142 4 0.75
15 NHO011b 60 218-233 3 0.78
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Table 4. Alleles with discrimination ability based on patterns of banding in different loci of simple sequence repeats
in commercial and promising quince cultivars

Quince cultivars

Gene locus Allele  Allele size Esfahan Viduja Behta Esfahan-2 ~ Esfahan-3  Esfahan-5 Identified cultivars
| 157 0 0 1 0 0 0 Behta
CHO01d08 1 163 0 0 1 0 0 1 Behta, Esfahan-5
11 172 1 1 0 1 1 0
| 150 0 0 1 0 0 0 Behta
CHO02d08 1 151 1 1 0 1 1 1
11 152 1 1 0 1 1 1
| 184 1 1 0 0 0 0 Esfahan, Viduja
1] 188 0 0 0 0 1 0 Esfahan -3
1 190 0 0 1 1 1 1
CHoda12 v 197 0 0 0 1 0 1 Esfahan -2
\Y 200 1 1 0 0 0 0 Esfahan, Viduja
\i 203 0 0 1 0 0 0 Behta
| 185 0 0 1 0 0 0 Behta
1] 187 1 0 0 0 1 0 Esfahan, Esfahan -3
11 192 0 1 1 1 0 1
CHO5d04 v 193 0 0 0 0 0 1 Esfahan-5
\Y% 195 1 1 0 1 1 0
VI 196 0 0 0 0 0 1 Esfahan-5
| 136 1 0 0 0 1 0 Esfahan -3
CHO3906 I 153 0 1 0 1 0 0 Viduja, Esfahan-2
| 137 1 0 0 0 0 0 Esfahan
NB103a 1 148 1 1 0 0 0 0 Esfahan, Viduja
11 150 0 1 0 1 1 1
| 193 0 0 1 0 0 0 Behta
. 1] 197 1 1 0 1 1 1
| 218 1 1 1 0 1 1
NHO011b 1 220 1 1 0 1 1 0
11 233 0 0 0 0 0 1 Esfahan-5
NHO030a | 220 1 1 0 1 1 0
CH04e03 | 193 1 1 1 0 1 0
| 136 0 1 0 0 0 0 Viduja
1 138 1 0 0 1 1 1
NHO15a M 141 0 0 1 0 0 0 Behta
v 142 1 1 0 1 1 1
| 176 0 0 1 0 0 1 Behta, Esfahan-5
1] 178 0 0 0 0 1 0 Esfahan-3
CH02b10 n 182 0 0 1 0 0 0 Behta
v 184 1 1 0 1 0 0
\Y 188 0 0 0 0 1 0 Esfahan-3
Vi 189 1 1 0 1 0 0

— Allele sizes have demonstrated in base pairs.
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Figure 3. Comparison of the banding patterns, obtained by simple sequence repeats (SSR) markers from two gene
loci CHO4al12(right) and CHO4e03(left) in quince cultivars used in this research.

5l oslitl b soiSplaze T Y oV F O (s
Silis 45 wings Ll uios opl sla, S5kl s
sob 4 T Fe ggame 51 T VY bos 5924
w3 55 el sl S e b 4 JTV 5 olazs
Sl cas an b (il oo ol bl 0g
ol 4 B NBI103a 5 CHO4al2 NHO15a
oSl b Gaiel g ey (pleaol slagd,
F Jgex) wdlioe bee g Yopledol T-ledsl
oS5 5T e G e o ol o (7 U
4 ,ol8 NHO11b | 5 CH05d04 CHO1d08 L
el 0= plpdol manel Gudsis mled g alulis
oeolaal b glades aien mls eores
g b, 4lS plas Sl owyp 0y90 lo Sl
5 G 3l 0g 00Ky Giseal glacis
08 b Le 03, 6518 pae owaslis mls ol
GE P SR eies 5 Albes G e (kasl
Sy Abg> Sy 4o Lrgang o8, b V- pledol iduaal
sl @l b gogae b mbs cnl (F JS2)
mo5,5 S yso Ay (S g Gl o Su3908 ;50
mo5,5 «Sisledise @l eluly a8 S el o
w85 bl (gabegS 4 Cond 1) s ly gan
logas g L 4 a9 b JoSUse mls ol

el ools &l 23 )0 ages

5 esslcwwsa wledbl wlalp  uioren
o Jlg ,S5Las 5 oslil b bapd, ousyyr sloosls
Gond, 5| Semep 45 05 akie (5,55 osls
G55 olod (Kad 5 0395 (5,55 Gl 9550 4y 2550
5 gy Slae Sjgleiee sla Slas bl &5
Slas pelaly wias plae Soes 51 Ll
sl gle 5l wog nle BB 55 JsSse
2l lp ceslie 551 iz VY Lasgs 0o ;2S5
@SSy Audal g o)l slapdn slulid
slapd, 51 (S o S g5 sls JT ¥+ legazma
sl olawi oS Jigea o 4 IS0
Sl cax e 6l ¥ Jgaz j0 lagd, saiiSpleie
T8I0 05 s O ol 5o el 00l astine
CHO4a12 50 aw & (3lote oaiiSplare
T8 s aw ,» a5 55 ChO2b10 4 CHO5d04
Wg gy p g0 4 S0 slaed) jo ead ST
(V55 F Jga)
S350 6,k slaed; wgst sl Sl e
sotasl P S ks any 5 ool «
5 bole 4 it iy 4 caSplete
cax V¥#) NHO15a 5 (Gl <> VYY) NB103a
sl oeizer (T Jpax) sl Gl
@ 0-pledal 5 Ly T-pledol V- ledal Aouasl



AN Vel V5Lt Y80 ol SLEl pole

ol eaS pleie Slas 5l ogue yo (0,85 attine g
(Pendulate) (ygizme JSo drgang 8, 10 .ol o3,
5 &gl pas s @ a8 bl Juad o 250
LS ol o dloye o Sul gyl le b
50 0dd ,Sd eSS plaie Olas b oler 005
Syee 03y onl pled sl Wlgoe Shar Y Jouo
5 Oldel & o) oge (rizren 355 I3 ool
5o el (Astringency) oS axly Sl gy
sl gy 3988 sland, om0 & J
L Silgsco g 009 050 030 (e sl T-pledol
Sy97038 Bpan (1) 4 ogee Jlal Zob 4 4z g
QO oogee JSE I p3 LS o A sl atib
pd) 2050 b, pled g SSE o 29>
5 03l ol 0,53 Slas s ogdle Y- g
9 ogme 5 oo g Sy (LSl 5 S S
Ol 5l 26 &5 e gla s 4y 2550 oo
ool (3, onl sloogee 9 S n j0 8 YL Lo
3 ool By il et ol e 6
Ay oole axg BB colis g S,p e
Sloygel &5 Sl ul b pledal 03, 4 e )0
BB oy Sy sl Jsb elos 5 eoadsSs
ool Gl sy b alad, 5o e Ll
6 Wl a5ls Glosedpn adli ey K,
O 0 aSd (iBuasl 9 (5,5 slaed, Gy b
o Gy 4 )9S alise bl slacess
334398 (278 Slio )L 50095 0 o8 (nl b
CHO4a12 sl S3LT 55 JsSge (b, Slis s
I, bl &8 (i ies ChO2b10 5 CHO5d04
ST car an bex oelal Gl s axzils
S b ooles NB103a 4 CHO4al2 .NHO15a
L 5 CHO5d04 .CHO1d08 (sl 55kl cux
5 Gyl slpd, Koo ples 4 08 NHO11b
b 500 sgm 3l 009y (o) 2 9590 GiSusal i
009 ;3 ohoh 500 Fp Slacals) S9rg 4 Az
ol oY 35S ot Jled e 3blie (s
Ll Jsse 5 Susalsd g0 sla,Silis s W
IR an 90 08, 2l B 5l S L Slile
Skl 5l eolarwl o cpl g0 005 s g a8 S

Similarity
e e e e o e = e
(Y] w Y w o ~ @ -] -
h 1 1 f f | 1 1 )
1
1
1
1
: Behta
1
1
1
; Esfahan-3
1
1
1
1 Esfahan-5
1
1
1
1 —
— Esfahan
1
1
1
1 Viduja
1
1
1
1
1 Esfahan-2

Sosis 9 6,1 laed, slades 425 ¥ S
SleMbl ol 45 C3 30 ) 2 0590 Ay S )0 rSudal

Losle 5)1,55 sl Jlgs 2 by po 00l 2255 (il slagSJl
UPGMA U"‘j) 9 (NEI, 1973) LSJ AJLM.J w),a )| oolazul

Figure 4. Cluster analysis of commercial cultivars and
promising genotypes of evaluated quinces based on
banding profile obtained from SSR primers, analyzed by
Nei (1973) and using UPGMA method
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