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Genetic Diversity Analysis of Handroanthus impetiginosus Populations by
SSR Markers

HUANG Zhiging'?, WU Linyuan'?, GAO Xiaoyu!, DING Shifeng!, FENG Zhijian'", QIN Xinsheng',
LIU Yitong?, XIAO Guankang'
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Foshan 528041, Guangdong, China)

Abstract: Handroanthus impetiginosus, introduced from South America and Central America, had widely used as
ornamental tree in southern China, which had rich germplasm resources. However, the resources of introduction is
complex while the work of improved variety breeding is lagging. In order to reveal genetic variation of H.
impetiginosus populations, the genetic diversity and population genetic structure of 72 samples from 12
populations collected from 6 cities in Guangdong Province were analyzed. The results showed that a total of 123
alleles were amplified by 9 pairs of SSR primers with average PIC of 0.754, indicating that the H. impetiginosus
germplasm had high genetic diversity. All 12 populations of H. impetiginosus also had high genetic diversity, the
average effective alleles between populations was 3.272, and the average Shannon information index was 1.159.
AMOVA analysis showed that genetic differentiation among populations was relatively low, while that within
populations was high. The overall genetic differentiation coefficient of populations was 0.077, which was in the

medium degree. Based on the Structure analysis, PCoA analysis and NJ clustering analysis, 12 populations of H.
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impetiginosus could be divided into 2 groups, and the grouping results had certain similarity, indicating that the

genetic structure of tested populations was not complex. These would provide a theoretical basis for the utilization

of germplasm resources, genetic variation and scientific breeding for H. impetiginosus.

Key words: Handroanthus impetiginosus; Genetic diversity; SSR marker; Genetic structure

LA KR K (Handroanthus  impetiginosus) & %5
R} Bignoniaceae) R AR JEVE TR A, i~ T 3%
IS X, AT AR RO B . B
I F SRR, BRI, 2R, g 20t
4 70 FARBINFRE, A KA H B HAEAT BN
BEREA e AROULAEA Fi BRI R 470 (R E R, 3R
[ A6 RV R el AR SR BT A R e e — 2 5 ARk
PR, BT O R IR ] e Aok 33 Fk o A7
TE SRR AR FNLLAE KL A 1) 24 22 FhIOTDA B ot %
WA 2 IRELI R . R RN AR R FEE
TARECIG S, AR F A RT3 A [5] AR LE AR
BHROR B ER, AN MEEE /N LA EE, B
TS PEIHAN G — o DR b i f5r T 8 S A6 RV K (1) et A%
ZREMERE T, A BT HES) B MRAF AL R AL
A SR TAERI TR R, (RIS Ao ot BB e it
X, PETF R RUR .

H A% T80 X AR B 7t 2 E A LE R Fh
MENE PUEHESEF AR, XT oK PG 2
FEEEE R AR R IFRE 2, LRI AREN
WERXT BRI R R 8D . SRR AR DNA
AL ZFEERIR T, CRH 2R Fhrid
FEARNT R AR AW AT 3 25 5 B0 TRIE % 2
FEMEZE R 900, G RZ IR 2 & M (single nucleotide
polymorphism, SNP){7 s 25 & I J7 = P 5 2 45 R
(genotyping-by-sequencing, GBS). M £{4K trnL-trnF
gapC J¥ 5| 7y 18 4% 73 M« 11 5 5 &7 51 (simple
sequence repeats, SSR)ZrFFricll'SIAIX [H] ] #L H
S ¥ % (inter simple sequence repeats, ISSR)4); - Fx
o,

TEnFAricEiARF, SSR 7 FArid Hi AR R A
HE R s K. S 28MEFEE. &
SAELF R TR 2Tz R, SSR Y i
T2 DNA, SSR {7742 7E DNA & il sz = id
T DNA W) FIETRC B E A 2277 2 IR0 21
IRGL O AR AN S e S5 5, B B i
R pER2, SSR A FhmidH AR H AT vz B H
THEP PR R AL 27 . AR B . FRGU T
SERF T AR 2T E IR AR AR

AHEAT R T SSR ARic I A% Z FEPERT 5T, Rl
ASCHIH SSR 73 FHRICHE AR T HREW 6 1 124>
FEAR (1) 5810 X AR B AT 1% 2 BRI 0 BT 9, 4R
REBAL LR E . B4 0 DL SRR R R
a5 NEAE K AR R B IR 1 OR A7 IR i %
B IRAEHE ISR .

1 BRI TR

1.1 %

LA KA K (Handroanthus  impetiginosus) ¥}
KHAITRAE 6T 12 MEEE, JL 72, RIFETH—
ASRFEHBIREA | DMEERGER 1) T 20202021
CERAEFEAR, SRAEFEET B 5, N80 CUKFAELR
17
1.2 DNA RIS 59914

KR i EHRZ Z M2,
/> DNA $EHUS Z R 2 W13, 2% AIF
LB R CTAB VAR DNA, 25 H 1.5%E g
BRI UK FIRZ IR A ISR DNA s AR EE, )5
RAFT 4 COKFEHRE

WEHL ] @) H. billbergii £ 30 X151 ¥)(mTb002~
mTb052) RIS AL N BB AEY) Stizophyllum ripa-
rium [F) 28 X 51 ¥J(Stiz2~Stiz45)?%), FLit 58 X454
47 5 & B8k [ . (polymerase chain reaction, PCR)
Y. FTRSIYBAETAEY TR BRMERA
ml M. BENLIEEL 8 MFEAREAT S MR R Rt 2
SR, BATHRED 9 XD, A
ZABMERT . 4 25 S L SSR Bk AT 5 4k
(3R 2).

KRR ICIEAT R 2 B, TEREN 51410
Skt ekl PCR MR RN 30 pl, E
2xSanTaq PCR Master Mix 15 uL, IE. XRS5
(10 zmol/L)#% 1 uL, 4% DNA (50 ng/uL) 1 uL, ddH,O
12 uL. PCR ¥ #4279 95 CHAEYE S min, )5
95 ‘CAZPE 305,57 CHEM90s,72 CLE{H 30, 3
28 MIEIR, B J5 72 CIEAH 30 min, § 1T 4 C
PRI o
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Table 1 Information of sample collection from 12 populations of Handroanthus impetiginosus

1 TEASFFIE
Code Morphological character

K LY
Number Location

st MARONIHIRERHTS, M, BRI, W BONIRPRBHPR, TR 5

B
fs RIS, 1E 6 R s
ze  UPROMET, BEEOBE, TEONIRL AR 6
ns  REROBEY, SR, EE LR 6k

th AR B, HEEBIE T, MRS A GRE, TEO LR AT

EAREYSES

Id e, MR, HIEEE, BRSO, MEUARNE, 6 8

1L T A X
Shunde Dist., Foshan

1T =7K[X Sanshui Dist., Foshan
TN X Zengeheng Dist., Guangzhou
J7M TR X Nansha Dist., Guangzhou
7T RART X R 2

Tianhe Park, Tianhe Dist., Guangzhou

M R X R

[V NV R N

A Longdong, Tianhe Dist., Guangzhou
hn  HAORHIA, MGAMEN . HERTE, BEOEH, ORI AEELE 3 T T R X A g AR R 2
SCAU, Tianhe Dist., Guangzhou
U MREREMIIN T, MEAME, HIBHERE, WEKRE, fEEmaamzy 10 BRI R X R
A NE Jinlong Road, Longgang Dist., Shenzhen
xm  WMASEW, MBI REMERE, R ERR G, RO LUEL N 8 TRYITIAR DX 7 2 70

Jm o B LREBIATK R A, i RBB A, MR ARG H o, WO 8

NE, ORI EAT

hd  WEHEG, HEJSKHERE, BEBIEAKAT, RENAR, TRt 2
zs WA, HERUBE AT, REUKBONE, WMELIRARAE, Bl 10

M BRI
it Total

Xiangmihu Road, Futian Dist., Shenzhen
LI

Jiangmen

HM T EZRE Huidong County, Huizhou
HR LT R

Cuishau Road, Zhongshan

72

#* 2 AN A SSR 511

Table 2 SSR primers of Handroanthus impetiginosus

5|41 Primer 1IEM 54 Forward primer (5'~3") J2 175 %) Reverse primer (5'~3") #ehrit Fluorescent labelling
mTb002 F: GGAACGTGCTAGTGTGTGTG R: AGAGAGTGAGTTGCAACAAAAGT FWIEFE Carboxy fluorescein
mTb013 F: CTTCTCATTCATTTTGGTGG R: GCTTCAACACTTTCACACATC LU HEE Carboxy fluorescein
mTb015 F: AGCAACACAAGGAGCATTT R: GTCAGACCCAATAACTTACCTTC FEERIEFE Carboxy fluorescein
mTb018 F: GTGGTGCAGCGACTTCT R: ACATCATCGTCATCCTCATC FRILW L Carboxy fluorescein
mTb020 F: CATTGACTCGTTGTCCC R: GATCCTACAGTCTCACATAGAAG FRILW L Carboxy fluorescein
mTb024 F: CCATTTGCTTGCCTTACCCA R: AAGCAAACAACCACTCTGCA NG Hexachloro fluorescein
mTb032 F: CGTCGAATATCTAGTGTGGG R: ACAGATGAAGAGAAAACCAAAG FNEHIEFE Hexachloro fluorescein
mTb041 F: CGACATTCTTGCTCCCAATCA R: AAACAGCGGCAAGAAAGGTT LU HEE Carboxy fluorescein
mTb043 F: GGTCTAGCACGTGACTAACC R: CCCAATACGAGGCATATGTGA FRILUHEE Carboxy fluorescein

1.3 FEEE 554

FIH Genemaker v2.2.0 A% 3k K 43 8 45 T it
ITHIEE, %51 PR 1S K R 36 Bl A & 26 AR 1)
HUE AT EEIE , FIH GenAlEx 6.5 #HTEME ZAE M
Gt AT R 4 BT (analysis of molecular
variance, AMOVA)FI T A445 53 HT(principal coordinates
analysis, PCoA). FJH Structure 2.3.4 FAFRH (A
ITBAL G5 M 50 M1, FFH Structure Harvester 115 AK
A1 LnP(D), M5 H RS H (K ). R
PowerMaker 3.25 115 2 & M{5 B & (polymorphism
information content, PIC) I {15 Nei’s 18t 4% I 25 Flist
f—3%, FEHFH MEGA X 10.1 AT 28007

(neighboring-joining clustering analysis, NJ 5£2K).

2 SR

2.1 BHRBE ST
2.1.1 SSR i g Atk

M 3 AT, 9 XFEIMITE 72 By ARSI
123 AN FEDE , WL S5 A 525 R AU (V) R 0S5 5
RIHU(NL) 73 519 6.000~22.000 A1 2.317~12.314, $51H
354 13.667 A1 6.072. Shannon F5%1(1) N 1.133~
2519, PN 1.964, B 2R NEE . U
WA (HL) R EE 2 B P (HL) 70908 0.310 £110.775.
FER (NN 0.519~1.611, TN 0.941,
2.1.2 BEREHE Z RV T

MK 4 o] W, FEAAREIR)SF N A 3.272 4,
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Hod jm BEA R B K, hd BEARE/DN: TN 0.448~
1.630, “FH4°8 1.159, &R B/ NIRRT 5108 jm

39 % SSR 5% 2RSS

Table 3 Genetic diversity parameters of 9 pairs of SSR primer

Fhd, 5 N H—%; H. N 0.292~0.734, H, 5§ 0.222~
0.389,

030 5 o7 ik ] [N " " 2 2 WA . ZHEERE

I A5 I (R AR R Shannon 5% I 2 A B e 2 o HRE EZN LS

514 Number of . . Observed Expected Polymorphic

. Number of effective ~ Shannon index . . Gene flow . .
Primer observed allele allele gene (V) ) heterozygosity heterozygosity (Nm) information content

gene (Ng) ¢ (H,) (He) (PIC)
mTb002 8.000 3.624 1.511 0.014 0.724 0.519 0.682
mTb013 9.000 3.851 1.675 0.403 0.740 0.741 0.713
mTb015 18.000 3.708 1.966 0.347 0.730 1.611 0.717
mTb018 11.000 2.817 1.515 0.194 0.645 0.719 0.620
mTb020 15.000 7.058 2.199 0.236 0.858 1.078 0.843
mTb024 15.000 9.341 2414 0.681 0.893 1.241 0.884
mTb032 19.000 9.618 2.519 0.222 0.896 0.902 0.888
mTb041 6.000 2.317 1.133 0.264 0.568 0.855 0.529
mTb043 22.000 12.314 2.743 0.431 0.919 0.802 0913
*F15 Mean 13.667 6.072 1.964 0.310 0.775 0.941 0.754

F 4 BB AR 1 2 R
Table 4 Genetic diversity of Handroanthus impetiginosus populations
FEIR Bl

Population ~ Number
sf 5 4222 3209 1246 0222  0.658
fs 4 3222 2865 1.012 0306 0.583
zc 4 3333 2857 1.057 0222 0.604
ns 5 4778  3.821 1.334 0356 0.669

5

8

3

N, N. I H, H,

th 3.880  3.067 1.143 0378  0.611
1d 4444 3178 1213 0319  0.632
hn 2.889 2422 0.851 0370 0.481
jl 10 6333 4426 1525 0356  0.718
Xm 8 5.444 3900 1391 0222 0.672
jm 8 6.778 4924 1.630 0.389 0.734
hd 2 1.778  1.659  0.448  0.278  0.292
zs 10 3.880 2941 1.062 0278  0.559
15 Mean 6 4250 3272 1.159 0.308  0.601

sfy fsv zcv ns. thy 1dv hn. jl. xm. jm. hd. zs WL 1; N,» N, 1.
Hyw H JWLZE3; T

sf, fs, zc, ns, th, 1d, hn, jl, xm, jm, hd, zs see Table 1. N,, N,, I, H,, H, see
Table 3. The same below

2.1.3 BHAEL 3L AT AMOVA 73

AMOVA 7t R B (FR 5), AL R A FE 4 [A]
(I8 A% A8 A 7 8%, 1T K Hf 9 18 A% A8 St i A T
N (92%), Ut BHEEAE KV AR BE IR A 2544 55, B4R
() 388 4% 2 A0 R B AR R BEAIG B AR PN s A 2 AL R
FHRT By o AN 6 T L, 2540 VR AT AR ] 1) 73
e ZE(F) N 0.077, J&T 0.050~0.150, RHIFTH
FEAR[BAE 73 0E 7.7%K B BERIE], H 92.3%K

HEARNE, HERERMNER 3. ka#
1 RS R E(Fis) /& 0.574, BEAK )L AE 2 BU(Fi)
N 0.607.,

® 5 HRIENBARRRK AMOVA 7347

Table 5 AMOVA analysis of Handroanthus impetiginosus populations

HeiR HiE  Borm o ¥y ISR o
Source df SS MS Variance component
N 11 92.289 8.390 0.274 8
Among populations
piEN| 132 490.850 6.552 3.276 92
Within populations
3t Total 143 502.139  14.942 3.550 100

2.2 BEGEH ST
2.2.1 BEARGER AT

F Structure # A4 A1 5E T DU 2807 VAR AR
A AR HEAA [ B A% 25 /AT R 0 B (B 1), 24 K=2
I fE e BBETRDRE 12 NIRRT 2 A
FERE(E 2). HAZREE | FG sf. 1dy zc. zs 3t 4
ANFER, b (A8 AL 1 SO AERL, JEHE 1d A
zs S5E TSR EWUERIE A 15 B ERRX 2 A4
AR AR T 288 2 4E nsy thy hn. jl.
xm. jm. hd il fs 3t 8 MEEAAK.

2.2.2 BEARFALKR 3 HT(PCoA)

T AR AT KB AL KR AR TR Ry 2 A2
e, BEEAF sfy Id. zs. ze K, 227 B H ns.
thy hn. hd. fs #EAR, 1 jm. jl. xm FEAARIIANA S
BCE A B EHET, (HRZHOMESMESEE B
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500 A K=mean(|L*(K)[)/sd(L(K))
400
300
M
<

200

100 \
0 — s

1 J&F AK=mean(|L*(K)|)/sd(LK))HE M £ 5% K {4

Fig. 1 Choose K value based on criterion of AK=mean(|L*(K)|)/sd(L(K))

sf ns th Id hn jl jm hd xm zs zc fs

B 2 SRR AR TR AL S5 4 T

Fig. 2 Population genetic structure maps of Handroanthus impetiginosus

(K 3)0 FEARRR A T AN AL B BRI U I SR 200 R
T, BEAE U AR AN [F B A 1 AN AR TR A7 CE A B AE S,
Ui B SR E AN [F)3 4% (1) AS4k 18] W] B A7 78 B0 1 58 2%
KR BRI R Y Structure Z5H 53 T 45 R
FEAR—F, 7E Structure Z5H 3 HTH jmy jl. xm N
5 ns. th. hn. hd. fs FRRE—K. HEEEES
FRHMERE, KBS LSRR8 I 5% A B 1) 5%
R, AFETEAFHER AR 25 [F—2K.

2.2.3 REARRES T

I NI BERIERS 12 AN AL R AR BE AR L T
Nei’s % IR S AT RHAA SR 00, v R 2 436
BB 4), BE—RBHE sf. 1d. zsv zev xm. jl. jm
FEfR, KRB, T, Fl. WRYIFNLT] B
HKAFE ns. thy hn, hd. fs, SREM EFEE L.
X5 Structure 4544 4341 A1 32 AL AR 7 At (1) 45 SR AR,
PIaTHi o 2 MR, xm. jl. jm IX 3 NEARTEA
[E )70 A7 iE T IBAEAN [F] R 3L, e W X%
A A% PR 5 5 Hh B PR 5[] ] BR TG S 3 AH G

3 it

YRR Z BRI Z R AE S R SR
ZRETERERAY, RV R . — R
N BRSCEAL Z R E T RR A 2 A [ A AR
Tto FE AL Z AR R YRl AR AL 14 5T
B, YRR T E NI B, SRR S
BEACARFEAR AL o A8 53 ) =5 5 BE K s P i ) 1
T2 FEPERR R, RV MOE S RE Bk GR . PR
WAL ZFEIE KT, W BLWIES 80 DNA 70 755 A
JEVINAT TR, Wik 7 7Rl R R, I
FEDIFNEERE « FIREIG AL AR RO F0 R VDRI S5 T
A2 T Tz RS A EE T3 TS 220 is
e Z Y, DNA 720 F7K- P i 2N, £
EVEE, A5 R R MR 2 A I
I3 BT RIS B A4 PN R AR T) B 3824 22 BE AR 0 AT 15
ol ATULH SR BB BER L, 8RR, &
25 S P Aty 126-27.30-31]

Coord. 2

Coord. 1

P 3 SEIERE AR 32 e b b7 . TR AR (B V] 23 3 92 A FJEHE B

Fig. 3 PCoA of Handroanthus impetiginosus populations. Yellow and blue circles are group A and group B, respectively.
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Fig. 4 NJ cluster analysis of Handroanthus impetiginosus populations based on Nei’s genetic distance

X EEAE AR AR 8% 2 AR T e DNA 4 1 7KF
WFFT, RENRFAR AL B 40 K AL XA i Fh R
MHEZMSH., Bl LA 20 FRRCHEARTEX
B ARFAEY v N Tl Z AR T, SR 4K ornL-
trnF F gapC JFFIFRICHT SNP 73F-pnic T 55 XU
AR FNEAT 7 F oK SRR or 28, 2 I REERE
AR AR SR P R] 44 S P B R ) () 44 1 Tl R, ()
IR AL B AR Z R RO R, P AR
S 2071, Collevatti Z&U5I%t 70 A1 78 2L P Altamiro
de Moura Pacheco 227572 [ (1) 4 Ff MR AAE P HEAT
SSR 4 FARCHE T, RAET 75 MEIEREE AR HIREA,
P18 H, R0 H, 575008 0.857 F110.703, S5 & FhIESEI)
BT R R AE N AR B B s s 2 R, (2
BTG Alves ZFUERH] 8 Xf ISSR 5| 4%t 2
75 Acu EZ AR AR AN 30 MR ARREA AT
TS, SR 62 NERFERINL &, PIC N 0.34~
0.49, *F-¥J°4 0.43, W] ISSR Fric £ SN2,
REA AU R AL R AR e Z . RIS, 24
Nei’s LR 0.70 KA 30 M FEAKN 40 B 12
AR, {H Shannon Fa 401 0.52, UiBH 2 VTR
A

—fRINA PIC>0.5 HZbRic 2 @ 2 A& 1) PIC
9 0.25~0.5 B EAHEZE; PIC<0.25 M AKEZE

PEIB2, ARBEFL R 9 X591 PIC N 0.529~0.913,
YR w2 AN, W Collevatti Z5[JEF SSR
I3 FARCH Alves ST ISSR 70 FFRic (4548
B AR FEAR B AE Z R T i) 2 Ve m, BT
TP 9 X 51 Py mT LAFH T 55 A0 AR AT AR 138 % 2
FEHERE T -

AR 9 %F SSR GIH% R H 12 MR 72
I R ARE A AT 845 Z A PE 717, Shannon
ZFEMEFRECN 1.964, H A1 H, 7358 0.775 F10.310,
KRB ARLAEE 8L 2, REAR
DAL TR AT AR T8 45 2 FE VAR R =, (R T
Collevatti ZESWF 7T iR ) H, F1 H, /e H, B KT
H,, VA B RRAREASZ BN ik B sl 22
LRRMEIMR AR . FRECOTFABRE, Bl
Vel b 1 (B8] HH A7 T SR 8 R AR RN I R AR I 22 52
AN, XA AR — 25 R FTE ARORL F H 1 R A AR
NI ST

VIR O RER IS AR S5 M 2 R A B . AR AS
Z R R R AU . AyalalP3 I BEAAR (138845 o0 AL RE Rt
177 XI5, Foa N 0~0.05 I BRI B AL 240 AR /1N, T
AFRE; Fa N 0.05~0.15 B FBEAAREAA/E H SR IN
WAL Fy N 0.15~0.25 FHREAAR R 8% /0t oK
Fo KT 0.25 RIFEARIE A IR KHEL . ABF5T
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H 12 MR R ARTERR Fo N 0.077, R UIRFIA
FIRAL AL TR 2552 . AMOVA iR, %
TERBR AR IR AN 8% K H BFIARIE], 11 KH 7
AR R AEERER N o TR AR 2R RN 0.941,
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