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AR R BT BROLBF TR, B 311400 )

WE: SR LBNEZF LT R AR bR, S WAL R LRD AMF L AEHn Lk, KHRES R
LA WA B 28 i R B 80 AN S & A5 4 (SSR ), A B 8 A-Fa Ak 64 L B 41 DNA, %t 80 % SSR 5| it 47 i ik , 47 I 2] 23 ¢
BAR& W i A & RAE T 93 M, RILeN oA T 13 4 &4k b, 3 —F £ Pawnee, Mahan, Stuart % 36 A~% J & #
WA RAR T AL, A 3] 70 AN AL L 18 APl AR A S A, M B W F LA REANT 28, L SREEEE
(PIC) AT 0.03~0.72, RESATAIN, EAMFREREER TRE, RE S EAEE H AT 0.026~0.636, B — suft g R
Bl SRR AR Z 8] S AR 3B B AT 0~0.0127, 3 PIC AEM K 3] N85 AR K IG5 thth 305, AERB R 5 FA A, L INRK
Y TAE A Ciz91, Ciz85 . Ciz81, Ciz140 #= Ciz107 5 5 ANAFIT 52 ILFT A 5o A 89 A 2L K o, #Ef 5 X 205 4 40 2 450 3 2L
RGBS S Ay R AR AT 0 TR A E 0T G iE B Z e, KA LR A ol AT
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Construction of Molecular IDs for Major Cultivars in Pecan
( Carya illinoinensis ) Using SSR Markers

ZHANG Cheng-cai, WANG Ya-ping, WANG Kai-liang, CHANG Jun, REN Hua-dong, YAO Xiao-hua
( Research Institute of Subtropical Forestry , Chinese Academy of Forestry, Hangzhou 311400 )

Abstract: Pecan [ Carya illinoinensis ( Wangenh. ) K. Koch ]is an important woody oil plant and a famous
nut tree species, which has been widely cultivated in China. Adequate identification of different cultivars is
showing the top priority in marketing. This study aimed to develop SSR markers which would be used for
analyzing the pecan genetic diversity and constructing the molecular fingerprint and IDs. A total of 80 primer
pairs were used for analyzing the polymorphisms in eight cultivars. Twenty-three ( 28.75% ) SSR primer pairs
from 13 chromosomes could amplify the target fragments. These primers were further used for genotyping in 45
samples of 36 pecan cultivars, such as Pawnee, Mahan, Stuart, Kanza and Shawnee, and produced a total of 70
alleles in all samples. Eighteen primer pairs were detected with polymorphisms in different cultivars, showing the
number of alleles (N, ) ranged from 2 to 8, and the polymorphism information content( PIC ) values from 0.03
to 0.72. The genetic distance between different cultivars ranged from 0.026 to 0.636, and the genetic distance
between samples from different sources of the same cultivar ranged from 0 to 0.0127. A dendrogram generated by
the UPGMA method suggested three groups, of which group I contained 32 cultivars and most of them have the
genetic backgrounds of Schley, Success, and Major. Group II and Group III contained three and one cultivars,
respectively. By use of ( at least ) five SSR primer pairs, including Ciz91, Ciz85, Ciz81, Ciz140, and Ciz107, all

the cultivars were classified. These primers were selected as core SSR markers to construct molecular fingerprints
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and IDs. The molecular IDs were illustrated as bar codes and QR codes. Collectively, this study provided markers

applicable for the cultivar identification and traceability in pecan, which has implication in the progress of pecan

cultivation and production.

Key words: Carya illinoinensis; cultivar identification; molecular marker; SSR; DNA fingerprints;

molecular ID

i 5¢ L1 A Bk [ Carya illinoinensis ( Wangenh. ) K.
Koch | J5 =T 3 E M PR, J& TR LA R
Pyt S R/l 690 Mb, B (A% 2n=32"7
B I8 70% LA L, & S AR DR 2
17 e N el S R B e 4 W i M R N O |
R IR 5 B BRI BR & /1) 90% oAy, e i+ Al
ER R AR AR TR T R LAk
CA—H RS, HETEAE 22 M8 1 BRI FR
P, S E BV 100 7w BRI A A
RSS2 R T— 5, BAR e LR,
VT AF A RN T 15

IR E BRI T AH AR P AR
LA SRR e TR 2 R 55 X Il o
W uE BRI PR AN P A S AR EE T /D, AT,
TR FAR AN Z2 IS [, RS RS R i A 24
FREUPEA G S R A, 15 UAEAE R 44 9 IRl S+
27 SFING . ZFIMERE IR AL MEREAE I AN R
FETCEAR A BELRUEBIA , BN LA [R] b o DX el
P 22 5%, AR S AR AP ANIE L, 25 5 KR
FE A R G o ST AR SRR TSR A G5
LRt AR R Z T HRAR U AR . AR R
S —EE AR E M (DUS ) IR [ BRAT 58
PP B L T A A i R E
RUREIE 7 52 NS5 RN B R it A s ) T e AR , B
TN A e B SRR MR B A B, 3 (LA A X 43
MEREAR A, PR R A 7 — PR o v PR AT A8
F NSRS LA R RS e Tk

FARCHE E A DNA 7Kl 22 5 , AR
TRAMR, fae ek T EE M, EaokC 2
I FAEY 0 5315 SCEI G 43 B A T A b 4
BIRFFE O TR IR P A TARICE AR B A
N, 3T AFLP . SSR ARic T & T it /% 25 5 st
ZREMERFSR ) i B RAPD #5743 A i
P 5 E ) ffi Fil RAPD . AFLP . SNP #4518t f%
FERE S FIHT SNP ARICIF R T JFAEIRASC Y
SR BT, 7EFRE, RAPD ' ISSRT,
SSRM SCAR' 454 A B 7 T 15 1 % Bk ot
& ZREMERN AL A ITST o SR Y HTE7E LLAZ B

SRS IR AR L BRI E R, AT AL B R
OB B A 2 AR N B s A, A
PRAH AT )

SSR M FRft DAL, J& il 1~6 ML IR IR E R
PP, PR R 7z oA, B S vk
U AR 5 TR A AT SNP Fx
it, SSR M PRic I Z A MG B & & o & ot
ARG 15 4%, M DNA $5 8035 i & e bric ',
R I A ST AL R A e ) 5 A S B L Bz
JOEFH 45 R 49y S A R R S IR A R BRE  3RAE
WG Al b S 0 000 RN AR I . AR
ST LR M e B S R B R C e kA 2 ik
T4 3 R 413 [ 7 1% SSR A7 4, KU FF & SSR
FRICZEE T M ', Zhang 451" B 4 KL 41
PERY 9145 X /5 Bt i SSR 5|4y, kv 52 L AZ Ak i A
YRR TR A

SR PRIV SZ0 Y /Ny Wit YR N S i N S R = O
LLAZ AR Ml i) 2 Je , T R A AR ) A SRV o
A L O A T B R S T R AR AR A TR R, AT 5 O
THREBETE R, IF & — & 2 85 SSR Frid, LIFk
N A 2 1) 36 ANSE LBk AR R, I R 35t
& ZREME AT, e Z MM B 5 REREUER X
S TFP S AR IC A AL O 5 | A, ST A
FES 10 0 AR SRS Ao+ Bk, DU A e 1L
A2t P 2 A A |t PP B IR A
(G jakE b iivitoe = N
1 #R57FE
1.1 R

A FE LA 36 A 5T L AZ Ak 51 Fh i B o il 55
#RE (1), Hip Mahan . Oconee . Mohawk | Creek .
Greenriver ., Lakota £l Navaho 4§ 7 /™ it B 7E 1999
2007 1 2008 4743 2~3 R EE 5[ Fl, X 36 ANIF]
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A, EICE h EMOL BT B HT ROl B
FEIT, LWL AT (29°28'N, 119°23'E ) Iy i
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Table 1 The information of 36 pecan cultivars

b= hi e 5 i e

No. Cultivar Orign No. Cultivar Orign

1 Carter SHREE 19 Pawnee Mohawk x Starking
2 Choctaw Success x Mahan 20 Shawnee Schley x Barton
3 Colby SR 21 Stuart SR

4 Creek Mohawk x Western 22 Waco Cheyenne x Sioux
5 Desirable Russell x Success 23 Silverback SEBRE

6 Elliott TARE 24 Barton Moore x Success
7 Forkert Success x Schley 25 Graking SR

8 Gloria Grande Stuart SZAE AL 26 Hopi Schley x McCulley
9 Greenriver SR 27 Jayhawk Giles 522 51t
10 Kanza Major x Shoshoni 28 Kiowa Mahan x Desirable
11 Lakota Mahan x Major 29 Maramec Mahan 22E 5 /¢
12 Mahan Schley 524 5T 30 Nacono Cheyenne x Sioux
13 Major Ay Aess 31 Posey AT

14 Mcmillan SR 32 Houma Desirable x Curtis
15 Mohawk Success x Mahan 33 Yates68 Major sS4 51
16 Navaho Apalachee x Wichita 34 Shepherd SR

17 Oconee Schley x Barton 35 Deerstand PR

18 Osage Major x Evers 36 Chetopa SLEEE

1.2 DNA #2EUK PCR #il

{1 FH MR AB 4 3 PR 4 DNA $2 G £ 2 B
[KIZH DNA, fi FH 19 B 4 5 i A1 Quawell Q5000
4166 EE T ( Quawell Technology, Inc., 38 [# ) £
1] DNA 583 Fk B2, IFFf B 2] 50 ng/uL 7£ -20 °C
PRAE# o NERRSZH i 0 2 37 A ik SSR 5|9/
w100 e i B T 2~4 AN BREE Y SSR 4 80 X
3¥), 5L, Mahan . Oconee . Pawnee . Kanza . Stuart .
Creek . Kiowa , Shawnee %) JE [X] 21 DNA & £4 %}, X
80 XJ 5 | WA TR0 5 Gk th 7 3G AR B B 51 )
X 36 A~ A 45 MREAR AT EER A (R 1),
PCR i J3f 14 % .2 x Taq PCR MasterMix 10 uL ( 4
SR MERR AR R A R A FDD), BRS04
1 uL, DNA #i#z 1 pL, ddH,0 7 pL, PCR 5z i %
J¥:95 CHARPE 2 min, 29 ME AL FE 94 °C A8k
40 s FR5IE KR FEIR K 455,72 CHEff 1 min, F)5

72 CHEM 7 min, T 4 CORAF. R NI BENE S
JiE HL KRR G 19 77 ik R AT B B AR 14 43 B AR
8% AR PE IR MG IR U7 - 30% I (29:1)
14 mL (L 2 ERHEARAF ), 5x TBE 15 mL,
H,0 20 mL, 10%AP (i #i iR #% ) 400 uL, TEMD ( 4
AT 2 )40 pl, HLIKZZ A 0.5 x TBE, ffi ]
AL50 DNA Marker ( /4 5t 8 AE P EARAT IR A A] ),
68 3 T L kA FL YR TY 300HC (b5t & 45 )7 Bk
BT ), 180 V, 400 mA Hi ¥k 90~180 min,
F, Uk &35 o UM RS, 1 g/l AgNO, 7 TR e {5 10~
15 min, i [ & 43 ( 20 g/L NaOH ¥4, Il A 10 mL
FHE ) S (2 5~8 min, 25 /KIEYE 2 YRR B 4146
Ei]i I
1.3 #iEALIE

N T2 Lk 25 , $e R AT th R/ MR
i A.B.C.D----++, 5 A Popgene 4ty 3 K IS |4
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BORBZALL .7 FoR, il G A bR e+
A LR A, FI] H Popgene X4 (http: //cc.oulu.
fi/~jaspi/popgen/popgen.htm ) 155 B Fric 14 WL 44
1% ( Hy, observed heterozygosity ) JWIEEZ4 A ( H,,
expected heterozygosity ). ZENE A 5B (N, number of
alleles ), %5 v 3 K J31 % ( Allele frequency ) 55, Jf #%
MK PIC=1- Y P IHIE Z A VRS B % i (PIC,
polymorphism information content ), F H1 Pi iy 24
CIGIEZE R XA YPSE ESEES o B: ¥ c3 )
2 (GD, genetic distance ) F1 &t 1& A1 L & %4 ( GS,
genetic similarity ) "*',{fi J§ UPGMA 477 :FFJiE 36
A, 3 45 MEARR R LS. A NTSYS-pe
AT R . F R PRIC e P Al AL
B AF (https : //phytozome-next.jgi.doe.gov/blast-search )
FExh 309 58 LA Bk RE PR 4 v 2, il F TBtools /4
LRI RICAE Y R L A P
1.4 0S| ¥HTEIEF o F SHEAE

I8 SSR ARic PIC (i REN/ NI ,
AR ICECEE AT 36 AR SR IS4, T g SR
A 23 R 88X 43 i fli Y e/ SSR 5140

Ciz91

Ciz150
M123 45678 9101112131415161718 192021222324252627282930 31323334 35363738394041424344 45M

M123 45678 9101112131415161718 192021222324252627282930 31323334 35363738394041424344 45M

G U5 [ E R O5 1A, TR 22451
S FHREUETE RN T B e A . AR O 51
TESA MR YD BL, 45 A B C D+ AR UK
A 1.2.3. 4000 L BRI 07 B i, A i
A FPRERE ) TR SURIE o KRBT IR (S B4
THRSUEITEAZE A, o SR A AR Bl Fn — 4k fs
He 4% Chttp: //qr-batch.com/ ) 14 8 36 > 7 5¢ LU A%
BEE B 3 B

2 ERESH

2.1 SSRRIEHF X

80 XI5 ¥ A5 47 XF (58.75% ) RERETE 8 A~
Feb 1 s 5 AR 557, b 23 X (28.75% ) 51 H
ST, 22/ g Ty (B 1), iE—25{lH
X 23 %519 (L 2.3), 78 36 A-ah Ay 45 MHEA
FEAT PCR 1S (I 1), KX 23 i Fxd 215
el ZBRE R A, K EA153 40 TBR Chr7. Chrl0
F1 Chr13 MY 13 45 44 o {A -, o Chrl5 Fl Chrs
AR 3 AR 4 A FRid, AT YL AR 1A 12
Aric (2,

150 bp

100 bp

2 1~45 PKIEAKIUCH : Kanza , Mohawk , Shawnee . Mahan , Mahan , Osage . Pawnee . Mcmillan , Lakota , Silver back | Carter
Colby . Stuart, Greenriver . Waco . Major . Oconee . Oconee . Navaho . Gloria Grande . Forkert . Choctaw . Creek . Mohawk

Elliott, Barton ., Creek . Desirable . Graking . Greenriver . Hopi . Jayhawk . Kiowa , Lakota ., Maramec . Mohawk .

Nacono , Navaho . Oconee . Posey . Houma ., Yates68 . Shepherd , Deerstand . Chetopa

From the first to the 45™ lanes were Kanza, Mohawk, Shawnee, Mahan, Mahan, Osage, Pawnee, Mcmillan, Lakota, Silver back, Carter,
Colby, Stuart, Greenriver, Waco, Major, Oconee, Oconee, Navaho, Gloria Grande, Forkert, Choctaw, Creek, Mohawk, Elliott,
Barton, Creek, Desirable, Graking, Greenriver, Hopi, Jayhawk, Kiowa, Lakota, Maramec, Mohawk, Nacono, Navaho,
Oconee, Posey, Houma, Yates68, Shepherd, Deerstand, Chetopa; M: DNA Marker
B 1 5% Ciz91 1 Ciz150 7E 45 D SiX AR PR R IKIE T
Fig.1 The fingerprint of 45 samples using primers of Ciz91and Ciz150
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§ Chrl Chr2 Chr3  Chr4  ChrS Chr6 Chr7  Chr8 Chr9  Chrl0 Chrll Chrl2 Chrl3 Chrl4 Chrl5 Chrl6
B |- Ciz142 .

< Ciz153 -C;§14ol -Ciz109) Ciz88

- Cie107 L Cizss [ Ciz137
_E -Ciz75

- -Ciz91

el
—E -Ciz152

N L Ciz81 -Ciz84

-Ciz1394-Ci

. | Ciz138 iz Cizl54
| = L Ciz148

o

o

) -Ciz82
L Ciz151 -Ciz97

el
| =

g -Ciz94

-Ciz150
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| =

o

w

el
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B2 234 SSRIRZEREBEK LHSTHER

Fig.2 The distribution of 23 SSR loci on pecan chromosomes
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SIS Z A M. 23 N RRICAR I 3] Y 25 (7 3L A
BN AT 18, 3 70 DEEN A T, PR MRl
R 1) 3.04 A~ 1, Herp Ciz91 A6 I 3 4 057 15 50
20 84, Hilk Ol Ciz85 Ml Cizl 52 Y46 3] 5 4~
PR 18 AN MEARIE T, I A% & (Ho ) A
T 0.03~0.86, B2 22 5 i ( H, ) 0.03~0.73, Z 8117
BER (PIC)0.03~0.72, [6— PR A Y245
58 Z [ AE IR B4 T 0~0.0127, Oconee ( Ciz139 ) Fl
Navaho ( Ciz75 ) 545 AR FRIEHA ZAA 1 A7
SRR AR A S B B R IEAEA Z 8] 47
R, R[A] Rz )8 R 2 A T 0.026~0.636,
HiH Mohawk 5 Graking 38t HH 2350 , 1] Jayhawk
A1 Stuart (55 HE B et o 8% AR R BUAE AN TR]
FhlE AT 0.53~0.97.,

R B, FEBAE AU RECH 0.721 B, 7]
W 36 A AP 45 S FEARN 3 3 2 SR T R 32

ARl 41 AR, 55 T 3 AR, 55 T 284
AE LA F . FEE 125, 15 4 Fl LA Schley
ML 5, 15 i A 2 Success 38L&, 5
A i A EAT Major st A& 75 5%, 7350 9 SRl A
KA(FRIE3), 5 M2, Elliott 3£ A% 4 %, 1M
Gloria Grande J& Stuart f9 324 J5 A, 28 M2 &
Jayhawk 1 >, J2& Giles 9S4 JF 1
2.3 b5 ¥iEiE

18 D245 SSR A s A 6 A s i PIC i
KF 050K 2), RI 8w 2 80%, H Ciz9l
() PIC {8 5 = (0.72 ), H ¥k ok Ciz85(0.70 ), Ciz81
H1 Ciz140 K T 0.6, Ciz107 Fi1 Ciz142 43 % 4 0.57 F0I
0.52, % MEAEFRIC PIC EH K B /NIGT , KK
HEINARICECR AT 36 AN SR, K Bl b Al
JH Ciz91 . Ciz85. Ciz81 . Ciz140 il Ciz107 % 5 > ¥5
ICAE AT ST SR A A RLX Ay (3 3), 1]
Oy BIAE T4 15 50 8 5 1.5 9 A4l 4 S ik |-
(B 2), J8 TS o3 85, B X 5% SSR 5 #1E N
Bt s |, T 5 2245 i o T 48 sCE S o1
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Kiowa
—l yMahan (1)
] 1Mahan (2)
Pawnee
Deerstand
——Navaho (1)
L Navaho (2)
Carter
Hopi

| Lakota (1)
Lakota (2)
Yates68

EEEEEEE

Posey
silver_back
Chetopa
Choctaw
Major
Shepherd

Il

|

I Houma
L Nacono
[ Colby
1 \Greenriver (1)
IGreenriver (2 )
Waco
Mcmillan
Kanza |
Osage |

Ll

g S

Elliott
Gloria_Grande
Stuart

[P B S B B rErE BN A S B B

Jayhawk

0.681 0.721 0.761

0.800 0.840 0.880 0.920 0.960 1.000

TAEAHLREL Coefficient

TS IR R 2 4R 3 ARG I FHAREAS 5 b 24 A7 DD AR [ 25 €67 Ble, A% i BT

Schley ( £{% ), Success ( #{4 ) o Major ( #5 (4 ) Ay 5t

The numbers in brackets indicate the samples introduced by two or three times; The color squares indicate this cultivar

has the genetic background of Schley ( green ), Success ( yellow ) or Major ( blue )

3 36 Ik 45 NEEARE UPGMA 2R ERE

Fig.3 Dendrogram of 45 samples from 36 cultivars based on the 23 SSR loci by UPGMA method

X3

EAEIN SSR 5143t A EY X 53

Table 3 The identification of cultivars through gradually increasing SSR primers

BikYEiRes

S

SR D

Total number of cultivars

Primers set

The cultivars can be identified

can be identified

Ciz91 4
Ciz91+Ciz85 22
Ciz91+Ciz85+ Ciz81 33
Ciz91+Ciz85 + 34
Ciz81+ Ciz140

Ciz91+Ciz85+Ciz81+ 36
Ciz140+Ciz107

Mahan, Colby , Pawnee , Greenriver

Oconee ., Kiowa . Shawnee . Waco . Hopi . Forkert, Maramec . Mahan , Navaho , Desirable . Osage .
Chetopa, Elliott, Major, Colby , Mcmiillan , Graking , Creek , Jayhawk , Choctaw , Pawnee , Greenriver
Oconee ., Kiowa ., Shawnee . Waco . Hopi . Forkert . Maramec . Mahan , Navaho . Desirable .
Barton, Carter. Deerstand . Shepherd . Osage . Chetopa . Elliott . Major . Yates68 . Posey . Colby .
Mcmillan, Mohawk | Gloria Grande ., Silverback , Graking . Creek . Kanza , Stuart, Jayhawk .
Choctaw , Pawnee , Greenriver

Oconee ., Kiowa, Shawnee . Waco . Hopi . Forkert, Maramec . Mahan . Navaho . Desirable .
Barton, Carter. Deerstand . Shepherd . Osage . Chetopa ., Elliott . Major . Yates68 . Posey . Colby .
Mcmillan, Mohawk | Gloria Grande , Silverback , Graking . Houma, Creek . Kanza . Stuart
Jayhawk , Choctaw , Pawnee , Greenriver

Oconee . Kiowa ., Shawnee . Waco . Hopi . Forkert, Maramec . Mahan . Navaho . Desirable , Barton
Carter , Deerstand . Shepherd . Osage . Chetopa . Elliott . Major ., Yates68 , Posey . Colby . Mcmillan
Mohawk | Gloria Grande , Silverback , Graking , Lakota , Nacono . Houma , Creek , Kanza , Stuart ,
Jayhawk , Choctaw , Pawnee , Greenriver
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