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Abstract: To clarify characteristics of Na* and K* flows in Taxodium Rich. species under salt stress and
QTL mapping for their outflow velocities, T. distichum (Linn.) Rich. and T. mucronatum Ten. were
taken as parents and their backcross generations ( BC, generations) of ( T. distichum X T. mucronatum) X
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T. mucronatum were taken as experimental materials, the Na’ and K flow velocities in root apical
meristem of BC, generations under salt stress ( 150 mmol - L™' NaCl) were measured by using non-
invasive micro-test technology (NMT) , salt tolerance of BC, generations was comprehensively evaluated
by using membership function method and Ward’s clustering analysis, and QTL mapping analysis was
conducted for Na* and K" outflow velocities. The results show that both T. distichum and T. mucronatum
exhibit Na* and K outflows under salt stress, while 7. mucronatum possesses stronger Na" outflow and K*
retention capacity ; among 97 BC, generations, 89 BC, generations maintain ion homeostasis by regulating
Na® and K" outflows, and the Na® and K' outflow velocities have relatively high variations ( the
coefficients of variation are 68.68% and 61.07% , respectively). The correlation analysis result shows that
Na" outflow velocity has significant negative correlation with K* outflow velocity at 0.01 level. The result
of clustering analysis based on membership function value shows that the 89 BC, generations are classified
into four groups, including high salt tolerance potential type (7 BC, generations) , relatively high salt
tolerance potential type (17 BC, generations ), relatively low salt tolerance potential type (40 BC,
generations) , and low salt tolerance potential type (25 BC, generations). Additionally, Na® outflow
velocity is mapped to three major QTLs, explaining 7.65%—14.35% of phenotypic variation; K" outflow
velocity is mapped to thirteen major QTLs, explaining 1.20%—3.68% of phenotypic variation; and three
QTLs associated with Na™ and K" outflows are overlapped. The comprehensive analysis result reveals that
BC, generations of ( T. distichum X T. mucronatum) X T. mucronatum with stronger Na* outflow capacity
in root apical meristem exhibit stronger K retention capacity, and the seven BC, generations with high
salt tolerance potential and three overlapping QTLs associated with Na* and K" outflows can be utilized for
screening salt-tolerant cultivars of Taxodium.

Key words: Taxodium Rich.; K*/Na" homeostasis; salt tolerance; QTL mapping; non-invasive micro-
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Fig. 1 Na® and K* flow velocities in root apical meristem of
backcross generations ( BC, generations) of [ Taxodium distichum
(Linn.) Rich. x T. mucronatum Ten.] X T. mucronatum under
salt stress
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Table 1 Statistic analysis of Na* and K* outflow velocities in root
apical meristem of the 89 backcross generations ( BC, generations) of
[ Taxodium distichum ( Linn.) Rich. x T. mucronatum Ten.] x T.
mucronatum under salt stress

HNE#E R/ (pmol + em™ -+ s71)

it Outflow velocity
Statistic
Na* K*

¢ KA Maximum 1 285.78 628.77
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Fig. 2 Correlation analysis of Na* and K* outflow velocities in root
apical meristem of the 89 backcross generations ( BC, generations) of
[ Taxodium distichum ( Linn.) Rich. x T. mucronatum Ten.] x T.
mucronatum under salt stress
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Table 2 Ward’s clustering result of the 89 backcross generations ( BC, generations) of [ Taxodium distichum (Linn.) Rich. x T. mucronatum

Ten.] x T. mucronatum based on membership function value

) PR AR [GERE] BC, U8

15 BC, U4 =
4L Membership function  Salt tolerance Number of BC, ! .
Group . . No. of BC, generations
value potential generations
I 0.78-1.00 1 High 7
I-1 0.92-0.93 2 101,138
[-ii 0.78-0.84 5 27,83,118,151,178
| 0.60-0.72 %55 Relatively high 17 15,58,61,65,68,76,79,99,123,128,132,137,169,172,177,180,187
I 0.39-0.59 BAIK Relatively low 40
m-i 0.54-0.58 12 18,52,73,93,94,97,112,127,139,155,176,181
I-ii 0.46-0.53 15 24,37,41,44,51,86,92,111,120,133,157,164,166,167,175
I -1ii 0.40-0.45 13 35,36,70,72,75,77,84,108,119,130,153,163,195
I\ 0.10-0.37 I Low 25
V-i 0.30-0.37 12 33,42,67,71,107,115,125,126,140,141,154,171
V-ii 0.19-0.27 11 25,28,43,82,89,90,106,116,165,170,189
IV -iii 0.11-0.15 2 63,136
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Fig. 3 Normal distribution analysis of Na* (A) and K* (B) outflow velocities in root apical meristem of the 89 backcross generations
(BC, generations) of [ Taxodium distichum (Linn.) Rich. x T. mucronatum Ten.] x T. mucronatum under salt stress



6 N7/ I AR SRS A

934 %

7R .89 ABC, 1R Na* Fll K* AR HEEE R 75 & 1IE S
O3 (P>0.05) , HoA =38 43 A7 52 20 L J5 (7% BP0 iy 4
fiE, A 250 BC ARAY Na® Al K+ AR 23R4 i 7 2 (5
JEIFR ik e 25278 S 1 A3 AT AR SR B Na™ i K" A HE
R T A FCR MR, HAE ST RE th 2 ik
PR [ s | LSRRI S Bk | X R 5 2 QTL 58
PEATHIT 0 D LT 251

2.2.2 Na'$hMHEiR %65 QTL 24%  XF 89 4 BC, fbAR
PRATHEIX ) Na* ShHEBUR AT QTL %E 7 434, 45
(%2 3) R LEN B 3 A F /L QTL, i T 2 & 3%E 8

BE, Hod gNal—1 #1 qNal -2 {57 T 1 SZEHRE, qNa6-
1 T 6 SEERFE, qNal-1 Fl gNal-2 ¥7E 11 M
[Fi] %) 6 00 st ] 8 s 2 31, B 18,30,72,120, 138,
156,162 174,216 270,294 s, 1fif qNa6—-1 H7F 264 s
X1 AR S E A B, 3 S R QTL AY i &5
3R 15780, qNal =1 F1 gNa6 -1 19 TP SON A 1
BT qNal =2 B9 BAEROWV AR R IE%L, qNal-1 1Y
FRNAR AR BRI AR, N 12.19% ~14.35% , qNal -2
REMRRE 7.65% ~9.16% W) KA 5 qNab -1 REfE B
8.61% HFRAL 7 |

£3 SIN(EPEXEEFTEPL) xEBATEPEEZFR(BC,K) RR S ERX Na*SMEEZEER QTL 4
Table 3 Characteristics of major QTLs for Na* outflow velocity in root apical meristem of the 89 backcross generations ( BC, generations) of
[ Taxodium distichum (Linn.) Rich. x T. mucronatum Ten.] x T. mucronatum

K BB D Fric IX[a] EAF X ]/ eM DX B/ eM RLER ek L AR X 250
Name Chain group ID Marker interval Confidence interval Interval length Logarithm of the odd score
qNal-1 1 Marker9995—-Marker11098 30.96-31.71 0.75 24.31-28.55
qNal-2 1 Marker99664—Marker15863 34.00-35.58 1.58 18.84-23.62
qNa6-1 6 Marker101642—-Marker56513 21.62-22.28 0.66 2.55

AR RIS SRR/ % iR oS AT TR AT T e [ /s

Name Phenotypic variance explained Additive effect value Dominance effect value  Detection time

qNal-1 12.19-14.35 —247.62--196.36 -1586.00--1457.88  18,30,72,120,138,156,162,174,216,270,294
qNal-2 7.65-9.16 -610.11--494.59 438.55-568.13 18,30,72,120,138,156,162,174,216,270,294
qNa6-1 8.61 -690.38 -797.14 264

2.2.3 K'4hHEik 64 QTL 4% X} 89 4~ BC,fRAR
I3 H: X KT AMHEE R AT QTL & A 43 Hr, 45
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Table 4 Characteristics of major QTLs for K* outflow velocity in root apical meristem of the 89 backcross generations ( BC, generations) of
[ Taxodium distichum (Linn.) Rich. x T. mucronatum Ten.] x T. mucronatum

AR BB D FRic X [l BAF X[/ M X[ JEE/ M ISR eR B L AR X 21
Name Chain group ID Marker interval Confidence interval Interval length Logarithm of the odd score
qKI-1 1 Marker89684—Marker96793 32.46-33.23 0.76 4.61-9.29
qK1-2 1 Marker72793—Marker26856 90.71-91.36 0.64 4.66-10.09
qK2-1 2 Marker51849—Marker13503 21.62-22.28 0.66 5.13-9.47
qK4-1 4 Marker33351-Marker23375 42.94-44.30 1.36 4.66-9.45
qK5-1 5 Marker42442—Marker39613 54.29-56.32 2.02 5.51-9.87
qK6-1 6 Marker39611-Marker61697 24.71-26.39 1.68 4.85-9.70
qK7-1 7 Marker90856—Marker101784 1.31-3.28 1.97 4.93-10.45
qK7-2 7 Marker66651—Marker58553 79.35-80.06 0.71 4.08-8.96
qK8-1 8 Marker83672—Marker115595 26.20-27.59 1.39 4.88-9.84
qK9-1 9 Marker98187—Marker12249 1.97-7.34 5.37 5.77-10.67
qK9-2 9 Marker70951-Marker33824 44.46-47.97 3.52 5.48-10.69
qK9-3 9 Marker63868—Marker36508 75.60 —=76.26 0.66 4.74-9.75
qK11-1 11 Marker91495—Marker10079 109.18-111.86 2.68 5.03-9.87




A RPOBK, . ERNATR (TR PR EE P RRE IS ) } BE PG R SPUAZ IS FARARR AT AE X Na® K JAFAE & QTL e 7

43R4 Table 4 ( Continued)

E4 REE SRR % PN S AN MR RIS

Name Phenotypic variance explained Additive effect value Dominance effect value Detection time

gK1-1 1.20-3.38 -624.09--506.78 -615.69--488.60 Fr A R E] ALl detection time
qK1-2 1.21-3.59 -623.94--509.38 -622.39--483.71 Fi A RS E] All detection time
qK2-1 1.25-3.39 -637.55--514.36 -597.21--461.15 B KA ] Al detection time
qK4-1 1.20-3.36 -624.85--506.49 -615.69--488.99 BT A K] AL detection time
qK5-1 1.30-3.48 -607.02--488.79 -662.15--531.08 JTA KIS ] AL detection time
qK6-1 1.22-3.36 -620.87--498.93 -628.07--510.91 JiA I ] AL detection time
qK7-1 1.20-3.47 -623.05--506.01 -619.18--490.85 JIFA R ) ALl detection time
qK7-2 1.25-3.43 -621.43--495.22 -655.17--514.98 BT A K] ALl detection time
qK8-1 1.21-3.41 -616.58--503.57 -648.23--499.41 JITA KIS ] AL detection time
qK9-1 1.27-3.64 -610.97--490.93 -661.75--540.49 FEA R EE] Al detection time
qK9-2 1.27-3.68 -611.65--482.88 -669.57--538.36 Fr A R E] ALl detection time
qK9-3 1.22-3.64 -614.74--486.95 -650.23--525.86 Fr A KD E] ALl detection time
qK11-1 1.21-3.37 -620.57--500.31 -628.89--511.84 JTA KIS ] AL detection time
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